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PREFACE

Prostate cancer has emerged as a major public health issue and significant cause of morbidity and mortality in the United States. This has resulted from a congruence 
of factors, including the introduction and widespread use of prostate-specific antigen testing, heightened public awareness, the aging of the American populace, and 
increasing interest in men's health issues. Although a large and expanding body of knowledge is available on the etiology, diagnosis, and treatment of this disease, 
much remains to be learned. There remains no consensus on the benefits, if any, of early prostate cancer detection and what constitutes the best form of treatment for 
most stages of disease. The editors are concerned about the apparent compartmentalization of information between basic and clinical scientists, as well as between 
the different disciplines involved in patient care. Prostate Cancer: Principles and Practice was created out of a need to improve the connection of the basic and clinical 
sciences, to help bridge the gaps between the different clinical disciplines, and to provide a current and comprehensive assessment of the field for all involved in 
research and treatment of prostate cancer. We hope that Prostate Cancer: Principles and Practice will be a critical reference to physicians caring for patients, as well 
as function as a platform for future progress. Prostate Cancer: Principles and Practice addresses basic cancer biology, as well as current and future treatment types. 
We called on a large and diverse group of authors to cover the entire spectrum of prostate cancer research and treatment. We hope our readers find this book 
comprehensive and useful.

Philip W. Kantoff, M.D.
Peter R. Carroll, M.D.

Anthony V. D'Amico, M.D., Ph.D.
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INTRODUCTION

The prostate as an accessory reproductive organ has perhaps been the subject of more head-scratching than any other gland. “Something of a mystery” ( 1), 
“unknown physiologic function” (2), “What is the prostate and what is it for?” ( 3), and “l'objet de nomenclatures différentes et contradictoires” (4) all allude to the 
perplexity surrounding the only gland with wildly different forms found in all orders of mammals, even monotremes ( 5). There is a tremendous body of research with 
respect to the role of the prostate's secretory products. The secretions from the male accessory sex glands, including the prostate, function in such events as (a) 
semen gelation, coagulation, and liquefaction; (b) coating and decoating of spermatozoa; and (c) conditioning of the urethral surface, among others ( 6). However, the 
precise biologic contribution of the prostate, per se, remains to be determined.

The first description of the prostate has been attributed to Herophilus, an Alexandrian Greek anatomist in the fourth century BC (7). In Glandular Partners, he 
described more convincingly the seminal vesicles with a strict interpretation of Galen, but a clearly unambiguous reference to the prostate is lacking ( 8). If Herophilus 
described the seminal vesicles, it is inconceivable that he didn't encounter the prostate. Prostate literally means “that which stands before.” Like the Propylaea, the 
impressive entryway to the ancient Acropolis, the prostate stands before the entryway or neck of the bladder. However, in a procreative sense, the prostate stands 
before the male external genitalia.

As a gland, the prostate is composed of many acini that empty into multiple tiny ductules streaming toward posterior urethral termination in proximity to the seminal 
colliculus or verumontanum (veru). (The veru, or remnant Müllerian tubercle, is a small prominence in the prostatic urethra that projects into the urethral lumen from its 
dorsal or posterior aspect.) The human prostate, a tubuloalveolar gland in which ducts and acini have similar secretory function, is predominantly apocrine because 
the apical portion of the cell is cast off with some of its secretory products, especially enzymes. Electron microscopy brilliantly shows the apocrine nature of prostatic 
secretion (9). In activity termed merocrine, other soluble secretory products, such as citrate, cross the apical membrane by an active transport process to accumulate 
in very high concentration in the acinar lumen ( 10). The acinar and ductal secretory epithelial cells produce a great number of measurable substances, which have 
produced more fascination and speculation than complete understanding, including acid phosphatase; lactic dehydrogenase; kallikrein proteases, such as 
prostate-specific antigen and HK-2; prostaglandin; spermine; fibrinogenase; aminopeptidase; zinc; citrate; cholesterol; tissue plasminogen activator; pepsinogen II; 
lactoferrin; and others (9,11,12 and 13).

The prostate parenchyma of the adult is supported by a smooth muscle and connective tissue stroma. At its exterior surface, the prostate has a fibrous capsule that is 
focally absent at its base, where it attaches to the bladder and seminal vesicles, and at its apex, where it abuts the external sphincter. There is a histologically 
identifiable layer of fibromuscular tissue at the posterolateral periphery. This layer is continuous with the adjacent periacinar smooth muscle ( 9). Grossly, the excised 
radical prostatectomy specimen has an apparent thick white capsular coat even if denuded of its visceral fascia.

In textbooks of anatomy and clinical urology published in the twentieth century, the human prostate is widely portrayed as Valentine heart shaped with a rounded apex 
in coronal section (14,15). Illustrations commonly show the most distal tip of the prostate, its apex, touching a plate of transverse muscle, usually labeled urogenital 
diaphragm, and occasionally striated urethral sphincter. This stylized coronal section of the prostate and immediately surrounding tissue ( 15) could not be further from 
anatomic truth. Magnetic resonance images capture a completely different anatomy ( 16). Because there is so much individual variation with respect to size and shape 
in any decade, from childhood to old age, medical illustrators have always been at a loss as to how to draw a prostate. The normal prostate has been compared to a 
walnut or chestnut, which suggests something small, round, and hard. It also has been described as ranging in average size and shape from small apricot to large 
plum (16), which speaks for (a) the age range when benign prostatic hyperplasia (BPH) is variably present, and (b) palpable fruitlike consistency.

DIGITAL RECTAL EXAMINATION

The most common method of assessing the size and consistency of the prostate involves use of the tip of an index finger to palpate digitally the posterior surface of 
the prostate through the anterior rectal wall. In the absence of BPH, the normal prostate as appreciated digitally is palpably smooth, mobile, and symmetric with a soft 
“benign” consistency, not unlike that of the thenar eminence on stretch. Prostates on examination encompass a wide range of sizes. Taking the normal prostate as the 
size of the surface of a table tennis ball as palpated rectally, one can assess prostate sizes in grades: 1, a golf ball; 2, a racquet ball; 3, a tennis ball; and 4, a 
baseball or cricket ball.

Cancer has a firm consistency, not unlike that of the knuckle of the thumb just beyond the thenar eminence (first metacarpal-phalangeal joint). Cancers often present 
as asymmetric nodules. To the examining index finger, cancers with extraprostatic extension are often associated with some degree of local prostate fixation. Because 
they blend so well into the capsule and stroma, the most malignant infiltrative cancers—for example, those having Gleason scores 8, 9, or 10—may lack any palpable 
induration. For local staging of prostate cancer according to the TNM (tumor-node-metastasis) classification, please see Chapter 19.

ADULT RELATIONS

Irrespective of variable human size and form (especially at the apex) ( Fig. 1-1), the prostate has a base situated proximally against the vesical neck. Distally, at its 
apex, the prostate is in contact with the sphincteric [membranous ( 17); intermediate (18)] portion of the urethra (16) above the bulb of the corpus spongiosum of the 
penis. As a gland, it has anterior, posterior, and inferolateral surfaces. The bridge of fibromuscular tissue connecting the right and left halves of the prostate anterior 
to the urethra is known as its commissure or isthmus. The right and left halves of the prostate are often called lobes, despite the fact that none are demonstrable 
unless there is BPH (see below).



FIGURE 1-1. Variable gross (apical) morphology. A: Anterior apical notch with posterior lip ( black arrowhead). Note tiny anterior commissure (white arrowhead). B: 
Doughnut-shaped apex with massive anterior commissure (white arrowhead) due to benign prostatic hyperplasia (BPH). C: Anterior and posterior apical notches 
(white arrowhead), view from above onto anterior surface of prostate. D: Same specimen as in (C). Head-on apical view (white arrowhead points to apical urethral 
opening). E: Unusual distortion of apex by BPH nodules (white arrowhead points to verumontanum). F: Asymmetric apex (white arrowhead), bladder neck (black 
arrowhead). (See also color Figure 1-1.)

As the prostate enlarges, it raises the base of the bladder, which is attached anteriorly to the pubis by musculofascial bands that are true pubovesical [puboprostatic 
(17,18)] ligaments (16,19). In the anterior surgical approach in radical retropubic prostatectomy, the prostate is always obscured from view by overlying bladder and 
the ventrally situated, preprostatic, vascular (pudendal, Santorini's, dorsal vein) plexus derived from dorsal veins of the penis.

Posteriorly, the prostate abuts the wall of the rectum. The two seminal vesicles and the two ampullae of the vasa deferentia exit from the upper posterior surface of the 
prostate adjacent to the posterior prostatovesical junction.

PROSTATE DEVELOPMENT

It is useful to think about development of the prostate and the state of the male by first considering the female bladder, the urethra including external sphincter, and 
the neurovascular bundles in anatomic relationship to each other. Then, to the female state, add a prostate of increasing size, including progressive degrees of BPH 
within the prostate.

Into the urogenital sinus mesenchyme, primarily of endodermal origin, situated posterior and in juxtaposition to the Müllerian tubercle (veru) and the urethra, 
periurethral ductal budding begins sometime between 9 and 11 weeks of gestation as the initial event of prostate development. No evidence of budding is apparent at 
9 weeks (9). Florid development from the eleventh week to the sixteenth week occurs along an ejaculatory duct axis, as shown in wax models ( 20). Growth is thus 
primarily posterolateral. Anteriorly, the upper portion of the external sphincter will come to be splayed out across the anterior surface of the prostate ( 21).

Embryologic studies fully support the McNeal prostate (see below). Using computer-assisted three-dimensional reconstruction of serial sections, Timms and 
colleagues (22) found that ductal budding and branching patterns in the developing prostate correlated to McNeal's adult regional anatomy.

In 100 newborns and infants (J. E. McNeal, personal communication, 1999), McNeal (23) found only stromal, but not glandular, characteristics to define what he 
termed peripheral and central zones with respect to the ejaculatory ducts. In the coronal section of the prostate of a 5-month-old, a relatively dense concentration of 
stroma in the central zone can be readily appreciated ( 24). All acini are responsive to some degree to androgenic and estrogenic hormonal stimulation. The 
periurethral mucosal and submucosal glands are particularly responsive to maternal estrogen, resulting in the squamous metaplasia that can be seen at birth. In 
response to hormonal influence and reciprocal stromal-epithelial interaction ( 25), the peripheral and central glandular zones of the adult develop within the stromal 
matrix. Differential response of the two zones has been suggested based on disparate origin. The central zone acini have exclusive secretory products ( 9).

That cytokeratin expression in prostate glandular epithelium is similar in fetal prostate and BPH supports the concept that BPH represents a “reawakening of the fetal 
prostate” (26). Developmental congenital anomalies of the prostate include absence, heterotopia, persistent anterior lobe ( 7), and unilateral absence of the central 
zone and seminal vesicle (27).

PROSTATE ARCHITECTURE

Discussions in the literature of prostate architecture always seem to hearken back to Lowsley ( 28). Lowsley described five groups of periurethral embryonic tubules: 
(a) middle (“prespermatic and posturethral”), (b) right lateral, (c) left lateral, (d) posterior (“postspermatic and posturethral”), and (e) ventral (anterior to the urethra). 
Prespermatic and postspermatic referred to location with respect to the two ejaculatory ducts. For want of a better term, he called all these groups of tubules lobes, 
thereby causing ensuing confusion among anatomists and urologists for virtually the entire twentieth century.

McNeal (29) directly challenged Lowsley's lobe concept. Currently, most urologists (following McNeal's admonition) do not adhere to a true lobar architecture, except 
in the context of BPH.

McNeal Prostate

The structure of the prostate as defined by McNeal became firmly established in American urology during the last quarter of the twentieth century, and his zonal 
anatomy is applied herein for purposes of discussion and illustration.

Microscopic Zonal Anatomy

In a series of studies of the prostate ( 30,31,32 and 33) that addressed conflicting views about the anatomy of the prostate, McNeal defined three histologically 
distinctive glandular zones: peripheral (70% to 75%), central (20% to 25%), and transition (5% to 10%) ( Fig. 1-2). Even though the prostate without BPH is 
macroscopically homogeneous on cut section ( Fig. 1-3A), the acini can be regionalized into specific zones histologically ( Fig. 1-4A).

FIGURE 1-2. Zonal architecture of the prostate. A: Sagittal. B: Coronal. C: Oblique coronal. Note duct radiation from verumontanum (V). bn, bladder neck; C, coronal 
plane; CZ, central zone; E, ejaculatory duct; fm, fibromuscular stroma; NV, neurovascular tissue; OC, oblique coronal plane; PZ, peripheral zone; s, sphincter; TZ, 
transition zone; UD, distal prostatic urethra; UP, proximal prostatic urethra. (From McNeal JE. The prostate gland: morphology and pathobiology. Monogr Urol 
1988;9:36–54, with permission of Thomas A. Stamey.)(See also color Figure 1-2.)



FIGURE 1-3. Prostate cancer in gross axial section. A: Peripheral zone (PZ) cancer (arrowhead). Cut surface is homogeneous with no evidence of either transition 
zone (TZ) or lobulation. B: TZ cancer (large arrowhead) and PZ cancer (small arrowhead). Prominent benign prostatic hyperplasia of TZ displaces peripheral zone 
outward. U, urethra. (Courtesy of Dr. David G. Bostwick.)(See also color Figure 1-3.)

FIGURE 1-4. Axial section morphology (Masson trichrome). A: Section at base of prostate from 44-year-old patient without benign prostatic hyperplasia (BPH) shows 
relatively homogeneous acini without visible lobulation. Central zone (CZ) acini next to ejaculatory ducts seen below urethra (U) have sparse basophilic stroma 
compared with rich eosinophilic stroma of peripheral zone (PZ) acini. PPS, preprostatic sphincter. B: In section near apex, bilateral nodular BPH [transition zone (TZ)] 
distorts and compresses PZ outward. Venous plexus was bunched anteriorly before fixation. Note bundled detrusor fibers ( arrowhead) from anterior detrusor apron. 
AFMS, anterior fibromuscular stroma.(See also color Figure 1-4.)

The peripheral zone was characterized by ducts radiating laterally from the distal prostatic urethra (veru to apex) and was visualized as an extension coinciding with 
the ejaculatory duct axis (33). The central zone was a proximal wedge-shaped glandular region surrounding the ejaculatory ducts, broad laterally at the base of the 
prostate, and funneling to duct orifices at the veru. This zone was defined in relation to the ejaculatory ducts and not the urethra. It was discovered based on a coronal 
section parallel to the ejaculatory ducts, and the coronal plane of section was adopted to focus on prostate morphology vis-à-vis the Wolffian duct origin of the 
ejaculatory ducts as opposed to the urogenital sinus origin of the prostate proper. The peripheral zone was peripheral to the central zone, with the ejaculatory ducts 
as a reference point. Standard sections of the prostate had always been in an axial plane and perpendicular more or less to the urethra, and the coronal plane was a 
new and physiologic way of looking at prostate acinar structure. In an axial section through the ejaculatory ducts, the central zone is marked by acini with little stroma 
when compared with peripheral zone acini ( Fig. 1-4A).

McNeal found that the peripheral zone had typically smaller acini and less complex ductal branching and sacculation than the central zone. The epithelium was 
histologically different between zones. The zones were distinct without transition. He suggested that the two histologically different zones must therefore be 
functionally different. McNeal also observed an important stromal difference: “looser” in the peripheral zone, “denser” in the central zone. Carcinoma and inflammation 
were found to have less predilection for the central zone than the peripheral zone. The normal central zone contained approximately 50% of the prostate epithelium, 
but only 5% of small cancers (J. E. McNeal, personal communication, 1999). It is a personal observation that isolated midline cancer nodules at the base of the 
prostate (central zone) on digital rectal examination are practically nonexistent.

A third zone, the transition zone, constituting less than 5% of the glandular prostate, was found by McNeal, when normal, to be composed of two separate gland 
groups bilateral to the urethra, just proximal to the veru, and entirely external to the preprostatic sphincter, which separated the transition zone from the randomly 
arranged periurethral glands ( 32). Ducts for transition zone acini were found to arise from the urethra at a single focus (bilaterally) just proximal to the veru. These 
ducts branched entirely anteriorly and anterolaterally in a course taking them away from the other two zones. Because their stroma mingled freely with preprostatic 
sphincter stroma medially and bladder neck smooth muscle proximally, the zone was designated the transition zone; the transition from prostate to bladder was 
stromal, not glandular. The term transition should not be taken as referring to transition from one histologic type to another or from one type of zone to another. 
Parenthetically, this zone is a unique zone, apart from the central and peripheral zones, that is prone to the transition of continued growth throughout life in the 
process of BPH.

McNeal (9) was able to determine that most clinically significant BPH represented expansion of adenomatous nodules in the transition zone. Nodules found in 
periurethral tissue were typically stromal without gland growth—that is, they remained very small and contributed negligibly to BPH mass (J. E. McNeal, personal 
communication, 1999).

To define this zone accurately, McNeal cut the prostate in an oblique coronal section taken parallel to the urethra above the veru (supramontanal or supracollicular 
urethra) (Fig. 1-2C). In customary axial sections, any BPH of typical lateral lobe distribution is transition zone ( Fig. 1-3B and Fig. 1-4B).

Transition Zone Boundary

Between the peripheral and transition zones in axial section, a transition zone boundary of stromal connective tissue is readily demonstrable with implications relative 
to the spread or confinement of carcinoma. Franks (34) used ill-defined capsule to describe this stromal interposition between outer and inner prostates. Many 
carcinomas of peripheral zone origin are confined to the peripheral zone ( Fig. 1-3). Likewise, tumors of transition zone origin are often wholly contained within the 
transition zone (Fig. 1-3B). Many cancers, after increase in volume, exhibit a proclivity to invade and perforate the transition zone boundary, but usually in limited 
patterns.

McNeal (9) emphasized that the combined central and peripheral zone size is relatively constant throughout adult life until demonstrable atrophy appears in the 70s. It 
is therefore the transition zone that is subject to BPH enlargement and primarily responsible for increased gland size and weight.

Fibromuscular Stroma

The term anterior fibromuscular stroma was coined by McNeal (23). It includes the isthmus or commissure mentioned previously. This region is best evident in axial 
whole-mount histologic sections of the prostate (Fig. 1-4). In 1972, McNeal's (31) diagrammed components of the fibromuscular stroma included preprostatic 
sphincter, anterior detrusor muscle, internal sphincter, and a portion of the striated urethral sphincter (external sphincter). In 1988, his fibromuscular stroma was 
labeled simply “FM” in sagittal section without the above components ( Fig. 1-2) (23). It is important to remember the components and the tissue diversity of the 
fibromuscular stroma. In the axial or transverse plane, the anterior fibromuscular stroma is a “thick, nonglandular apron” forming “the entire anterior surface of the 



prostate” (33). In some cases, that apron can be relatively sparse and histologically simple ( Fig. 1-4A), but in others, relatively dense and histologically complex ( Fig. 
1-4B).

This anteromedial apron contains a prominent extension of outer longitudinal detrusor muscle that ends at the pubovesical (puboprostatic) ligament attachments to 
the pubis. The detrusor muscle fibers intermingle with prominent thick fascia and provide the scaffolding for the rich venous plexus (Santorini's, pudendal, dorsal vein, 
ventral vascular, with respect to prostate and urethra) ( 16) emanating from the penis. When sutures are used in radical retropubic prostatectomy to bunch together 
and secure this ventral vascular plexus, smooth muscle bundles from the detrusor are included ( Fig. 1-4B). McNeal's work (31) confirmed Santorini's in showing that 
the bladder musculature does not end where the bladder forms a neck, but continues distally to cover a portion of the anterior surface of the prostate ( 35,36).

Preprostatic Sphincter

In McNeal's illustrated oblique coronal plane, the midline anterior fibromuscular stroma contains the smooth muscle of a “preprostatic” sphincter surrounding the 
urethral lumen (31). The preprostatic sphincter is composed of circularly oriented, smooth muscle fibers (Fig. 1-4A) extending distally from the circular smooth muscle 
of the distal trigone at the bladder neck and ending at the base of the veru. The extent of the preprostatic sphincter and its continuity with the vesical neck was 
captured and confirmed by Blacklock in whole-mount section (Fig. 1-5) (24,37).

FIGURE 1-5. Coronal section morphology. Preprostatic and vesical neck sphincters are one continuous entity. CZ, central zone; PZ, peripheral zone; TZ, transition 
zone. (From Blacklock NJ. Surgical anatomy. In Chisholm GD, Fair WR, eds. Scientific foundations of urology, 3rd ed. Chicago: Heinemann Medical Books, Oxford, 
and Year Book Medical Publishers, 1990;340–350, with permission of Geoffrey D. Chisholm and William R. Fair.)

It is well known that this sphincter of smooth muscle is a-adrenergically innervated and therefore responsive to relaxation by the administration of a-adrenergic 
blocking agents, such as tamsulosin hydrochloride. The result is decreased outflow resistance and an improved urinary stream. The prostate stroma is similarly 
innervated, and one of the side effects of tamsulosin hydrochloride is the inability to produce an ejaculate with the prostate stroma in a seeming state of smooth 
muscle paralysis.

When BPH is absent, the presence of a cylinder of smooth muscle around the urethra distal to the vesical neck can be confirmed grossly in radical retropubic 
prostatectomy. With a clean plane of dissection, the prostate can be dissected away from the preprostatic sphincter, which is initially embedded within the prostate 
proximal to the veru. When the preprostatic sphincter has been properly dissected and transected with urethra distal to the bladder neck, the result is a bladder neck 
with an attached thick sphincter. This smooth muscle sphincter is found in direct continuity with the subtrigonal detrusor circular smooth muscle for 360 degrees. 
There is no visibly evident discontinuity to conclude that there are two sphincters, one at the bladder neck and another in the proximal prostatic urethra ( 38). The 
conclusion from looking at radical prostatectomy specimens is that the preprostatic sphincter is continuous with the vesical neck, which is immediately surrounded by 
a prostate that has enveloped the bladder neck by cephalad extension. The circular smooth muscle of the preprostatic sphincter and the inner subtrigonal circular 
layer are visibly in continuity. (The outer longitudinal detrusor layer is not in continuity.) Histologically, McNeal ( 9) found “no boundary” between detrusor smooth 
muscle and preprostatic sphincter. The gross finding of one sphincter is consistent with the fact that “the upper prostatic urethra, above the level of the colliculus 
seminalis at the site of the Müllerian tubercle, is derived from the vesicular portion of the primitive cloaca . . . ” ( 7).

Benign Prostatic Hyperplasia

When BPH begins, periurethral nodules develop with concentration within and inward from the preprostatic sphincter ( 32). The integrity of the preprostatic sphincter 
and the bladder neck is disturbed. The appearance of a middle lobe makes this especially true, but involvement of the bladder neck by BPH is sometimes 
circumferential, or what is described as a collar-type growth of BPH at the bladder neck. The ability to find and dissect out a preprostatic sphincter at the time of 
radical prostatectomy disappears. When there is considerable BPH, removal of the prostate from the bladder neck during radical prostatectomy leaves a wide, gaping 
opening into the bladder lumen.

Normal prostates do not have BPH; thus, BPH is an abnormal condition despite its widespread prevalence to varying degrees in men beyond the age of 35. The lobar 
nature of BPH is captured in the enucleation specimen shown in Figure 1-6A. In suprapubic prostatectomy or adenectomy, the transition zone is effectively removed 
with a surgeon's index finger. What is left is the smooth inner surface of the combined and severely outwardly compressed central and peripheral zones, which 
subsequently reexpand.

FIGURE 1-6. Lobes of benign prostatic hyperplasia (BPH). A: Enucleated trilobar BPH specimen weighing 105 g. B: Radical prostatectomy specimen with “ball valve” 
median lobe BPH at the bladder neck.(See also color Figure 1-6.)

Flocks (39) stated the lobar nature of BPH very nicely in 1937: “Masses of hyperplastic tissue present posteriorly are called median lobes; present laterally, lateral 
lobes; and present anteriorly, anterior lobes.” The enucleated specimen shown in Figure 1-6A accounts for three of the five sites of development of BPH with respect 
to the veru: left lateral, right lateral, and middle, including a combined subcervical (bladder neck) and subtrigonal component. The anterior midline at the vesical neck 
is an uncommon fourth location. The fifth location is the peripheral zone. Very rarely, separate BPH nodules develop within the peripheral zone ( 40). Usually no more 
than 1 cm in diameter, such soft nodules can be appreciated on digital rectal examination very close to the rectal surface at the tip of the examining index finger. They 
do not require biopsy if sufficiently soft.

Acinar hyperplasia of the transition zone results in prostate hypertrophy of variable degrees in different individuals. The middle lobe, when present, appears in 
different configurations at the bladder neck. When disposed as a ball valve, pronounced obstruction to urinary outflow is possible ( Fig. 1-6B). The various types of 



adenomatous hyperplasia have been classified as types I through VIII. The different configurations depend on which group of glands becomes hyperplastic and “the 
resistance to growth of the surrounding prostate and vesical neck” ( 41).

As BPH progresses, certain anatomic elements stay fixed with respect to each other. They include the pubis, the pubovesical (puboprostatic) ligaments, and the 
external sphincter. The fibromuscular stroma (including the isthmus or commissure) becomes thinner and more extensive. The urethra becomes more angulated 
above the veru. The examining finger on digital rectal examination encounters the prostate as an enlarged smooth, symmetric mound of benign consistency projecting 
into the rectal lumen, whereas the nonhyperplastic prostate is expected to be small and flat against the rectum. Cephalad growth of the prostate induced by BPH 
elevates the bladder base. An adenomatous middle lobe situated beneath the distal trigone may be so pronounced as to obscure visualization of the ureteral orifices 
during endoscopy.

The process of BPH results in prostate glands of many remarkably different configurations and ultimately external shapes ( Fig. 1-1) (42,43). Because there is shape 
variation in nonhyperplastic prostates ( 44), BPH is thus superimposed on nonhyperplastic prostates of variable shape to produce the final shape or configuration. This 
all translates into complicating the apical dissection in radical retropubic prostatectomy.

BPH results in not only increased girth of the prostate to interfere with surgery. In caudad growth, adenoma overlaps with remarkable variability the external sphincter 
[“BPH overlap” (45)] and sphincteric (membranous) urethra. This anatomic change brought about by BPH greatly complicates the surgeon's mission not to leave the 
transected residual urethra too short in radical prostatectomy and thereby sacrifice urinary control.

Alternative Architecture?

Unfortunately, while McNeal was dividing the gland into peripheral, central, and transition zones ( Fig. 1-2), Tisell and Salander (46) were dissecting 3-day-old 
cadaveric specimens prone to artifact and identifying dorsal, lateral, and median lobes, situated in what they ultimately described as an “onion pattern.” They 
concluded that “the anatomical relation of the lobes of the adult human prostate cannot be defined simply as dorsal, lateral, and median according to their position 
vis-à-vis the ejaculatory ducts.” At best, their explanation is difficult to interpret, and their follow-up histologic study ( 47) is hardly convincing. Both of their unconfirmed 
gross and histologic studies appear to contain serious artifact.

Anatomists have carried lobes in their prostate nomenclature in six successive editions of the Nomina Anatomica (NA) (17) and in the Terminologia Anatomica (TA) in 
1998 (18). Inspired by the unproved Tisell and Salander effort ( 46,47), the TA has introduced into current nomenclature inferoposterior, inferolateral, superomedial, 
and anteromedial lobules as subdivisions of right and left lobes of the prostate. Notably, in 1935, the Jena NA departed from lobus [dexter et sinister], preferring 
partes laterales, and discarded lobus medius (48). No reference to lobules as subdivisions of lobes is carried in any edition of the NA. But, Lich and colleagues (14) 
described the “outer” portion of the prostate as consisting of lobules “whose apices converge toward the posterior urethral surface.” They also said, “ . . . seven 
clinically recognizable lobes of the prostate are produced, but they are anatomically indistinguishable.” Certainly, the TA (18) continues to promulgate uncertain 
ground.

Cranial gland and caudal gland were applied to the prostate by Gil Vernet ( 49). Gil Vernet's caudal zone is essentially the same as McNeal's peripheral zone, but, as 
noted by Villers and colleagues ( 50), his cranial zone appears to have included both McNeal's central and transition zones. The concept of a human cranial and 
caudal prostate has appeal because several species of monkey have prostates of just that configuration ( 3,51). Benoit and colleagues (4) also follow the 
cranial/caudal analogy.

Currently, the McNeal prostate, once understood, makes the most sense. However, the published literature exhibits no universal agreement with respect to prostate 
architecture, as is clearly apparent in the recently released TA (18).

Many observers conceive of the prostate as a periurethral organ because they are used to seeing, especially in illustrated coronal and axial sections, the urethra 
coring straight through the middle of the prostate; they have what might be termed a urethrocentric view of the prostate. There has been confusion in terminology, 
because McNeal's “central” does not refer to the urethra. Benoit and colleagues ( 4) see “central” as being applied logically to the urethra and the immediately 
surrounding parenchyma—that is, it is appropriate in their view to say that BPH is central as opposed to any portion of the prostate that is displaced peripherally. To 
such observers, it is a fundamental problem that McNeal's central zone is central with respect to an ejaculatory duct axis but peripheral with respect to the urethra. 
And, conventional pictures of the prostate do not always show the ejaculatory ducts. The urethrocentric point of view also adheres to the fact that the prostate 
develops as epithelial buds from the urethra and is a urethral gland as well as an accessory sex gland ( 6). At the prostate apex, the urethra is a common conduit for 
both semen and urine.

Furthermore, because BPH flanks the urethra, some radiologists refer to BPH as the central gland, also known as McNeal's transition zone. Central gland, of course, 
causes confusion with McNeal's central zone. With evidence that early prostate cancer is relatively rare in McNeal's central zone but common in the transition zone, 
Stamey and Hodge (52) decried the use of the term central gland as “dangerous.”

A purely urethrocentric view, however, is not acceptable because, as demonstrated by McNeal, there is a primary ejaculatory duct axis for all of the prostatic duct 
orifices. The ejaculatory duct-centric view was confirmed by both Johnson in wax casts ( 20) and Blacklock in whole-mount histology ( 24,37).

The urethrocentric view mirrors Franks' (34). Franks defined the prostate as having a thick outer layer of “'external' glands—the prostate glands proper” and a small 
inner group of glands separated from the outer by an indefinite capsule. What he described essentially was an inner and outer prostate. His inner group contained 
both urethral mucosal and submucosal glands. When Lich and colleagues ( 14) described the prostate, they also adhered to similar external and internal “portions.” 
Thus, for those who hold a urethrocentric view of the prostate, there is considerable conceptual, but flawed, precedence for an inner and outer prostate that conflicts 
with the obvious embryologic development of the prostatic ducts along an ejaculatory duct axis.

Inner versus outer prostate fails in the context of advancing BPH. This can be confirmed by looking at Franks' own published sections ( 34) (Fig. 1-7). Inner zone or 
inner prostate may appear to work in routine whole-mount axial sections when there is minimal or no BPH ( Fig. 1-7A). However, BPH expands predominantly 
anterolateral to the urethra with very minimal posterior extension. The peripheral and central zones become compressed into a shelf of tissue posterolateral to the 
urethra. Thus, from the urethra all the way to the anterior surface of the prostate, the tissue is virtually all adenoma when BPH is advanced. The transition zone 
becomes outer prostate anteriorly (Fig. 1-7B).

FIGURE 1-7. Axial section histology of prostate. A: Minimal benign prostatic hyperplasia (BPH). B: Advanced BPH anteriorly with marked posterior compression of 
peripheral zone. (From Franks LM. Benign nodular hyperplasia of the prostate: a review. Ann R Coll Surg Engl 1954;14:92–106, with permission of the Royal College 
of Surgeons of England.)

PROSTATIC URETHRA



That portion of the male urethra within the body of the prostate is known as the prostatic urethra, which is usually depicted in coronal views as a vertical open tube 
coring straight through the mid-prostate from prostate base to apex. A straight course through the prostate into the bladder is unusual. The urethra in most prostates 
has a curved or angled course through the prostate with concavity forward in the sagittal plane as it passes from the bladder forward, toward its entry into the dorsal 
surface of the penis. Because of the anterior angulation of the urethra above the veru, the urethra should never be illustrated in the coronal view as coring straight 
through to the bladder. Rather, only a portion of the urethra should be shown ( 53).

Normally, its vesicourethral junction and the internal urethral meatus at the prostate base are not situated in the axial plane, as often illustrated, but in an oblique 
coronal plane that is tipped forward from the feet. At first, the curve is backward and downward toward the veru. At the veru, the urethra generally takes a slight turn 
anteriorly as it heads toward the bulb. Because of its curved course, the complete prostatic urethra generally would not be seen in the coronal view, and magnetic 
resonance imaging substantiates this observation ( 16,53). The curved course means that flexible cystoscopy is more comfortable to patients than cystoscopy by 
means of a rigid, straight instrument.

McNeal (33) described the forward angulation above the veru as “roughly at a 35-degree angle” from the vertical. This should be taken as an average. (From personal 
experience looking at radical prostatectomy specimens, I have found that the angle appears to range from nearly 0 degrees to nearly 90 degrees.) Anecdotally, in an 
18-year-old man, Glenister ( 54) found the supracollicular and infracollicular portions of the prostatic urethra at “right angles to one another.” The observed angle 
relates to two features: (a) the degree of muscular development of the trigone, including its uvula [of Lieutaud ( 55)], and (b) the size of the commissure as it relates to 
the presence or absence of BPH. In the presence of BPH, the commissure may be massive. In the absence of BPH, the commissure may be but a very thin band ( Fig. 
1-1A). The veru usually occupies a site in the most distal prostatic urethra. Occasionally, there may be no prostatic urethra or prostate distal to the veru ( 45).

Situated in the posterior midline at variable distance from the prostate apex, the seminal colliculus is a prominent feature of the prostatic urethra. Urologists usually 
refer to the seminal colliculus as the veru. Anatomists prefer seminal colliculus. Lowsley (28) used verum montanum, meaning “mountainous spit or broach.” Later, he 
fused the two words into verumontanum (1). [The word for spit or broach in Latin exists in two neuter-singular forms: veru and the variation, verum (56). The word 
verumontanum  has been present in the English language at least since 1728, according to the Oxford English Dictionary (57). The metaphor would seem to be a 
mountainous spit of land in the sea.]

No one would disagree that the veru is a distinct promontory with a prominent dimple or tiny crater at its top marking the prostatic utricle, a Müllerian remnant. Along 
the posterior prostatic urethra and with considerable individual variation, orifices of the multiple prostatic and two ejaculatory ducts flank the veru.

FASCIA AND THE PROSTATE

The prostate is invested by fascia on all of its surfaces, save where it is attached to the bladder and to the striated urethral sphincter at the prostate apex. Fascia 
belonging to and enveloping the prostate is called visceral. On its anterolateral surface, the prostate is covered by fascia overlying a vascular plexus (large veins, 
venous spaces, and tiny arteries) embedded in a framework of thick fascia [fascia of Zuckerkandl ( 58)] and longitudinal bands of detrusor muscle. Its inferolateral 
surfaces are closely embraced by levator ani muscle, whose medial fascia (superior fascia of the pelvic diaphragm) is actually adherent to the visceral fascia of the 
prostate, creating multiple layers on the side of the prostate. The fascia associated with the levator ani is called parietal, and the lateral surfaces of the prostate are 
tightly bound by this fascia and the associated levator muscle. When the levator muscle is pushed off the lateral surfaces of the prostate in radical prostatectomy, the 
most superficial layer of fascia abandoned on and adherent to the lateral surfaces of the prostate is the parietal fascia belonging to the dislodged adjacent levator ani. 
The levator muscle dissected away laterally appears denuded of fascia.

When the bladder is exposed retroperitoneally, overlying fascia and detrusor muscle obscure the prostate. The initial view into the pelvis reveals retropubic adipose 
tissue, and beneath this lies the pelvic (endopelvic) fascia, which includes a visceral fascial component covering the bladder and a parietal fascial component 
covering the levator ani and obturator internus lateral to the bladder. The two fasciae, visceral of bladder and parietal of levator ani (fascia covering the superior 
surface of the pelvic diaphragm), converge on a thickened (white) line of fascia called the tendinous fascial arch of the pelvis (arcus tendineus fasciae pelvis, NA, TA). 
This thickened line of fascia sits in sulci deep on either side of the bladder and extends from the takeoff of the pubovesical (puboprostatic) ligaments in a curvilinear 
path to end at the ischial spine (43). The tendinous fascial arch of the pelvis defines the lateral junction of the bladder and the prostate, the latter immediately 
subjacent to the arch. The lateral surfaces of the prostate cannot be visualized unless the parietal fascia covering the superior surface of the pelvic diaphragm is 
opened. In the course of radical retropubic prostatectomy, the sides of the prostate are first exposed by (a) incising the parietal fascia just lateral and parallel to the 
course of the tendinous fascial arch, and (b) pushing away laterally the levator ani muscle. Only then can the prostate first be seen.

On the posterior surface of the prostate, there is a very prominent and relatively thick fascia adherent to the prostate as it sits anterior to the rectum. It is a true 
prostato-rectal fascia with respect to its position, but it is inherently prostatic, with midline adherence to the prostate in many cases ( 59). This prostato-rectal 
(Denonvilliers') fascia continues superiorly to cover the seminal vesicles all the way to their tips. Confusion exists as to the number of layers constituting this 
fascia—that is, whether it has one or two, or more, layers. From a study of embryos, Silver ( 60) concluded that this fascia was a single layer only. (In more than 2,000 
radical retropubic prostatectomies, I have found almost consistently one layer covering the prostate, but often multiple layers covering the seminal vesicles. The fascia 
is smooth and unrelated to the cul-de-sac of the peritoneum.) In the course of radical retropubic prostatectomy, neurovascular bundle preservation involves incising 
this fascia medial to each bundle on the rectal surface. Also involved is an initial release of the neurovascular bundles from their attachment to the posterolateral 
prostate by incising, above each bundle, the most superficial fascia [lateral pelvic fascia ( 61)] on the sides of the prostate. If the incisions are not carried out properly, 
an important triangular layer of the prostato-rectal fascia will not be left in position on the excised prostate to cover the posterior capsule and possible breach points 
by carcinoma. With this technique, portions of the fascia, two strips, are left covering the neurovascular bundles. The prostate then is denuded of two strips of fascia 
along the course of the previously adherent bundles. This means that patients for the nerve-sparing operation must be chosen carefully for organ-confined disease in 
the region of each neurovascular bundle. Wide resection to sacrifice the bundle as a covering over the cancer is paramount to complete cancer excision if there is any 
doubt about possible extraprostatic spread.

NEUROVASCULAR BUNDLES

On its posterolateral aspects, the prostate is closely invested by neurovascular bundles. These bundles contain multiple autonomic nerves coursing from the prostatic 
plexuses, flanking the vesicoprostatic junction, to the cavernous plexuses en route to the corpora cavernosa and corpus spongiosum. As they pass along the lateral 
prostate, they give off at right angles very tiny nerve fibers in tiny pedicles that enter the capsular surface. These tiny branch points (including tiny capsular arteries 
and veins) require division to release the bundle properly when doing a nerve-sparing operation, and magnification is very helpful to see them properly.

In 1836, Müller (19) described major and minor cavernous nerves from the hypogastric and pelvic plexuses to the penis, but knowledge of this work was lost at a 
practical level. In 1982, on the basis of exquisite dissection and mapping study of those nerves in stillborn male neonates, Walsh and Donker ( 62) were the first, from 
a urologic point of view, to track the cavernous nerves in relationship to how they might be preserved in radical prostatectomy. Their effort translated into the 
possibility of preserving potency by very precise surgical technique. That neurovascular bundles were indeed identifiable as an intraoperative landmark for the 
cavernous nerves and could be dissected free from the posterolateral surfaces of the prostate revolutionized radical prostatectomy ( 63). An important localization 
study with respect to cavernous nerve distribution in the adult and its relationship to radical prostatectomy followed ( 64). Before 1982, a potent patient after radical 
prostatectomy was a haphazard event at best, and patients undergoing radical prostatectomy almost uniformly became impotent. This was due primarily either to 
ligation or to transection of the bundles located along the posterolateral aspect of the prostate. As of the year 2000, results of surgery have markedly changed, and 
patients who are appropriate candidates for a cavernous nerve-sparing technique can look forward to a highly successful outcome with respect to the preservation of 
potency (65).

When the prostate is small, the bundles in their posterolateral position are not obscured by the lateral surfaces of the prostate. Rather, the bundles may obscure the 
lateral surfaces. With BPH, the peripheral zone is compressed further and further posterolaterally ( Fig. 1-3B and Fig. 1-4B). Coursing along the posterolateral aspect 
of the peripheral zone, the bundles remain in essentially the same position to each other and to the rectal surface. As the prostate fattens with transition zone 
expansion, its lateral surfaces bulge laterally without displacing the bundles. With pronounced BPH, the surgeon will find the bundles tucked much more underneath. 
Furthermore, there may be more angulation of the bundles at the prostatourethral junction. This angulation can approach 90 degrees as the bundles hug the prostate 
and then head distally along the urethra and into and around the striated urethral sphincter. Tethering of the bundles to produce the angulation is generated by a tiny 
capsular vessel and nerve branch point that flanks the prostatourethral junction.

During surgery, with suitable contrast, the largest cavernous nerves may be visible with surgical loupes but are generally obscured because fibrofatty tissue, veins, 



arteries, and blood hide them. Measurement of the transverse diameters of 64 nerves in a single neurovascular bundle of a 44-year-old revealed a mean diameter of 
0.12 mm (range, 0.04 to 0.37 mm). There were ten major cavernous nerves with a diameter of 0.20 to 0.37 mm. A reference human hair was 0.02 mm in diameter (R. 
P. Myers, previously unpublished data).

There are multiple points of vulnerability with respect to successful neurovascular preservation. Special attention must be directed to (a) the apical dissection, (b) 
tension-free mobilization of the bundles laterally along the mid-prostate, (c) correct vascular pedicle ligation suitably anterior to the bundles, and (d) very careful 
dissection of the seminal vesicles medially away from the pelvic plexuses.

ARTERIES AND VEINS OF THE PROSTATE

The arterial supply to the prostate originates from the internal iliac arteries in a vascular pedicle or bundle shared with the inferior vesical arteries with anastomotic 
connections inferiorly to internal pudendal and anal canal (inferior rectal) arteries. The main pedicle is located at the posterolateral junction of the bladder and 
prostate in proximity to the base of each seminal vesicle. Flocks ( 39) defined the arterial blood supply to the prostate in 1937. The arteries enter at the prostatovesical 
junction and divide into urethral and capsular branches supplying the inner and outer prostate, respectively. The urethral group is found from 1 to 5 o'clock and from 7 
to 11 o'clock, beginning at the bladder neck and coursing distally. During transurethral resection of the prostate for BPH, starting the resection at the bladder neck and 
coagulating those vessels can prevent much bleeding. In BPH, both urethral and capsular groups are more luxurious. Not only a narrow band of stroma, but also an 
artery, defines the boundary of the peripheral and central zone ( 30).

Most of the veins surrounding the prostate are associated with the plexus of veins derived from the dorsal surface of the penis, thus the name dorsal vein complex. 
However, the relationship of this plexus to the prostate is not dorsal, but anterolateral or ventrolateral. Once the dorsal veins of the penis pass posterior to the pubic 
arch, the penile hilus (66) is reached. From the penile hilus, major branches turn superiorly and are disposed anterolaterally to the sphincteric (membranous) portion 
of the urethra and prostate. The veins have many anastomoses with each other, to the point of forming tiny lakes or lacunae, as described originally by Santorini ( 35). 
This plexus is an obvious source of profound bleeding for the uninitiated surgeon. (I met one once; he was so proud to tell me that he had gone to the regular use of a 
cell saver, prompted by the loss of 23 units of blood during one of his cases. Little did he understand that he should not have been operating in the first place.)

A preprostatic superficial vein often exits the fascia between the pubovesical (puboprostatic) ligaments and then reenters the vesico-venous plexus ( 67). This vein has 
several variations and is absent approximately 10% of the time. The superficial vein is usually nestled in the retropubic adipose tissue and, if large, can be a source of 
troublesome bleeding during radical retropubic prostatectomy.

The rest of the veins associated with the prostate are found beneath fascia. The major group is anterolateral, associated with the detrusor apron on the ventral 
surface of the prostate. A very variable minor component accompanies the neurovascular pedicles that run along the posterolateral aspect of the prostate in the 
groove between the prostate and anterior rectal wall. Anastomoses between the major and minor component over the lateral surface of the prostate are also quite 
variable and bilaterally unequal, thus the name plexus pubicus impar (unequal) used by Santorini ( 35). It is not uncommon to see a rich plexus of veins on the lateral 
surface of the prostate on one side and the other side to be relatively devoid of veins ( 45). Many of these veins join the vesico-venous plexus and drain into the 
internal iliac system. Anastomoses to the internal pudendal veins through the levator ani are often present just lateral and proximal to the pubovesical (puboprostatic) 
ligaments.

Veins that actually drain the prostate communicate directly with this periprostatic system. When deep transurethral resection of the prostate for BPH or cancer violates 
the prostatic capsule opening venous sinuses, troublesome and sometimes life-threatening venous sinus bleeding can occur, as well as unrecognized fluid overload 
from irrigant flowing into the vascular system. The threat to life comes from (a) uncontrolled blood loss and shock, (b) hemolysis and renal failure when nonisotonic 
solutions are used as irrigants, and (c) hypervolemia and congestive heart failure.

FINAL COMMENT ON THE PROSTATE, PERIPROSTATIC TISSUE, AND TERMINOLOGY

With respect to the prostate and its surrounding tissues, there is a case for clarity and precision with respect to names. The prostate is situated in a milieu of 
contiguous structures that include urinary bladder, rectum and anal canal, urethra, penis, pubis, and all of the investing fascia and various neurovascular tissues. 
Language that surgeons use to describe some of the periprostatic tissues is misleading, certainly to the uninitiated. For example, the prostate has a prominent 
posterior fascia, but the common parlance term Denonvilliers' fascia provides no hint to medical students regarding its anatomic location versus using “combined 
prostato-rectal and seminal vesicular fascia,” which characterizes it. Eponyms serve no useful purpose; it was the recommendation of the International Anatomical 
Nomenclature Committee in 1975 that “eponyms . . . be rejected” (68).

Lateral pelvic fascia is commonly applied to fascia that must be incised on the lateral surfaces of the prostate. The term explains its levator ani origin (superior fascia 
of the pelvic diaphragm), but the intimate association with the prostate, as in “most superficial layer of the lateral periprostatic fascia,” is not captured in the language.

Securing the dorsal vein complex of the penis inside the pubic arch is key to successful hemostasis in radical retropubic prostatectomy, but the surgeon in that 
operation operates not on the penis, but on the prostate and urethra. The plexus is ventral with respect to those foci of surgical attention. Because the plexus contains 
arteries as well as veins, it is not just a venous plexus but a “ventral vascular plexus” ( 16). The issue of whether to call it dorsal or ventral could be resolved simply by 
referring to “the prostatourethral vascular plexus.”

Urologists say “puboprostatic ligaments.” However, as in women, the ligaments are fundamentally pubovesical in origin; the only difference is that, in the male, the 
prostate grows to encroach on the bladder and its pubovesical ligaments from underneath. It is always an illusion that they are puboprostatic. During radical 
retropubic prostatectomy, after the retropubic adipose tissue has been carefully excised to expose the visceral vesical fascia, the pubovesical attachment is obvious. 
As condensations of the vesical visceral fascia, the ligaments from their pubic termination merge straight back into the bladder proper from the distal third of the pubis 
as the patient is positioned supine; they do not attach to the prostate.

There is a recognized pubourethral component to the ligaments ( 69) but not a true puboprostatic component. Importantly, there is a thick vascular plexus interposed 
between the ligaments and the prostate. As illustrated by Parry and Dawson ( 70) in radical perineal prostatectomy, the prostate can be removed without ever 
encountering the ligaments or the ventral vascular plexus. There is a free plane of dissection from the prostatourethral junction along the anterior commissure to the 
point of attachment of the bladder. The ligaments are situated anterior to the vascular plexus, which is effectively sandwiched between the ligaments and the prostate. 
Illustrations (and there are many) that show a direct downward, linear connection of the ligaments to the anterior surface of the prostate without vesical continuity are 
simply wrong. The larger the anterior commissure of the prostate in BPH, the more the illusion that the ligaments span from pubis to prostate. Even Santorini ( 35,36), 
who coined the term prostate ligament, described and illustrated its vesical origin and attachment. To call these ligaments puboprostatic is to belie the fact that they 
contain remnant detrusor smooth muscle [m. pubovesicalis (17,18)] and are intrinsically pubovesical. Some authors exclaim that they can improve the chances of 
urinary control after radical retropubic prostatectomy if they do not “take down” the puboprostatic ligaments ( 71). But, for removal of the prostate retropubically, the 
continuity of these ligaments with the bladder must be interrupted at some point: if not at the pubis, as some have suggested, then more proximally, as others have 
illustrated (72).

Cited above are examples of potentially misleading terminology. In rebuttal to an argument for insisting on precise nomenclature, one reviewer for the Journal of 
Urology in 1997 replied, “The authors believe that more precise terminology that is based upon anatomic considerations is advantageous. This of course is arguable, 
since so many of our terms are anatomically incorrect but the surgeon knows what they refer to and what to do with the structure during an operation.” Such 
commentary reveals that common parlance often holds pragmatic sway over common sense. When language and illustration are not precise, the confusion generated 
may breed not only misunderstanding, but also resultant surgical error by those who have been misled. There is no adequate rebuttal or justification for anatomically 
imprecise nomenclature when patient quality of life is at stake, and failure to understand pelvic floor anatomy leads to unacceptable rates of urinary incontinence and 
sexual impotence. The interrelationship of the prostate and contiguous structures is complex, and the anatomy must be understood clearly to obtain successful 
surgical results.
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INTRODUCTION

The concept that neoplasia is a “caricature of differentiation” was proposed by Barry Pierce of the University of Colorado ( 1). This concept is based on the idea that 
virtually all aspects of tumor biology have a counterpart in normal embryonic development. Embryonic cells and tissues, as well as carcinoma cells, may exhibit 
proliferation, invasiveness, morphogenesis, and differentiation. During normal development, the process of differentiation is tightly controlled and highly orchestrated. 
In carcinomas, the state of differentiation is frequently diagnostic of the aggressiveness of the tumor (more differentiated tumors are usually less aggressive). Another 
feature of some malignant tumors is the ability of malignant cells to generate progeny that undergo normal differentiation with complete loss of malignant properties 
(1). The most striking example of this phenomenon is the regulation of malignant embryonal carcinoma cells by the blastocyst ( 2).

In the prostate, it should be noted that both prostatic carcinomas and the developing normal prostate undergo epithelial proliferation, form new ductal or acinar tissue, 
and undergo ductal branching morphogenesis. The process of ductal growth and branching morphogenesis in both contexts is inherently invasive. Epithelial and 
stromal differentiation is an important aspect of both the developing prostate and prostatic carcinomas. The biology of the developing prostate and certain carcinomas 
is sufficiently similar that embryonic prostatic mesenchyme can induce the Dunning prostatic carcinoma to differentiate, reduce its growth rate, and diminish its 
tumorigenic potential (3). For these reasons, the developing prostate serves as a particularly good model for understanding some of the biologic processes that occur 
in prostatic carcinomas. Moreover, the application of developmental principles to prostatic carcinomas has the potential of developing new therapeutic strategies 
(differentiation therapy), the goal of which is to revert carcinoma cells to a more highly differentiated nonproliferative state. This chapter reviews the cellular and 
molecular biology of the prostate and, where appropriate, emphasizes common themes between developing and malignant prostates of rodent and human origin. 
Unless specified otherwise, descriptions of specific experiments refer to animal models; however, information on rodent models is usually applicable to human 
prostate.

DEVELOPMENT OF THE MALE REPRODUCTIVE SYSTEM

Development of the male reproductive system begins during the ambisexual stage, when male and female embryos are indistinguishable anatomically, having a pair 
of undifferentiated gonads and two sets of mesodermally derived ducts, the Wolffian and Müllerian ducts. In men, the gonadal primordia differentiate into testes, which 
produce two hormones: testosterone and Müllerian inhibiting substance. In male embryos, testosterone or its metabolites maintain the Wolffian ducts ( 4), whereas 
Müllerian ducts regress in response to Müllerian inhibiting substance ( 5). Fetal testicular androgens further stimulate the Wolffian ducts to differentiate into 
epididymis; ductus deferens; and, in most species, the seminal vesicles ( 6). The mesonephric tubules attached to the cranial end of the Wolffian ducts are also 
maintained by androgens and differentiate into the efferent ductules, which connect the testis to the epididymis. In the absence of testosterone or functional androgen 
receptors, the mesonephric tubules and the Wolffian ducts degenerate ( 7).

The urogenital sinus, whose epithelium is endodermal in origin, is also a component of the ambisexual stage in both genders. In females, the urogenital sinus forms 
the urethra and the lower portion of the vagina. In males, the urogenital sinus forms the masculine urethra, the prostate, periurethral glands, and bulbourethral glands. 
Androgens from the fetal testis stimulate budding of the endodermally derived urogenital sinus epithelium just caudal to the bladder neck to form the prostate and 
even more caudally to form the bulbourethral glands. The female urogenital sinus will also form a prostate if stimulated by androgens during critical periods of 
development (8). Masculine development of the urogenital sinus and Wolffian duct does not occur in the absence of androgens, or functional androgen receptors, or 
when androgen action is blocked by administration of antiandrogens ( 7).

Ductal Branching Morphogenesis

The prostate is a ductal-acinar gland whose growth and development begin in fetal life and are complete at sexual maturity. Normal development of prostatic ducts 
requires many coordinated cellular processes, including epithelial proliferation, ductal branching morphogenesis, ductal canalization, and epithelial and mesenchymal 
differentiation. In many respects, ductal branching morphogenesis in the prostate resembles that of many other organs (e.g., mammary gland, lung, salivary gland, 
pancreas). The prostate differs from these other organs in that its development is androgen dependent and occurs mostly during the postnatal period.

Development of prostatic ducts begins when solid prostatic buds emerge from the urogenital sinus. These buds grow into the surrounding urogenital sinus 
mesenchyme. Prostatic buds appear on day 17 in embryonic mice, on day 19 in embryonic rats, and during the tenth week in human fetuses ( 9). The emergence of 
prostatic buds from the urogenital sinus is spatially patterned to generate the anlage of the various lobes of the rodent prostate (dorsal, ventral, lateral, and anterior) 
(10). In the mouse, the ventral prostate develops from two to four main ducts, while approximately 40 to 50 main ducts constitute the dorsolateral prostate. The 
anterior prostate develops from one or two main ducts per side, which grow cranially into the mesenchyme surrounding the seminal vesicle ( 11). In contrast to the 
rodent prostate, true lobar subdivisions are not present in the adult human prostate, which instead is organized into zones (central, peripheral, and transitional zones) 
(12).

Individual prostatic buds emerge from the urethra, elongate, and then branch. Eighty percent of the branching of the prostatic ducts occurs in the first 15 days of 
postnatal life in the mouse (11). During this time, circulating androgen levels are exceedingly low. If neonatal mice are castrated and treated with antiandrogen, 
prostatic ductal branching is significantly reduced ( 13). Re-administration of androgens in adulthood does not restore the normal number of ductal tips to animals 
deprived of androgen during development (13). Therefore, it appears that there is a critical period during which ductal branching morphogenesis must occur and that 
these early branching events are very sensitive to the low levels of circulating androgens present in the neonatal period.

Ductal branching patterns are characteristic for each lobe of the rodent prostate. The ventral prostatic buds branch dichotomously at fairly regular intervals, resulting 
in a pattern that resembles an elm tree, while the ducts of the dorsal prostate elongate considerably before giving rise to numerous tightly spaced ducts. Thus, the 
pattern of branching in the dorsal prostate resembles that of a palm tree. The primary ducts of the lateral lobe emerge from the urogenital sinus in close proximity to 
the dorsal ducts but wrap laterally around the periphery of the prostate and have a branching pattern similar to the ventral prostate ( 11).

Formation of new ductal architecture results, in part, from localized DNA synthesis at the ductal tips. Thymidine incorporation into DNA is ten- to 500-fold greater in 



ductal tips as compared to more proximal regions of mouse prostatic ducts (14). Based on analysis of branching morphogenesis in a variety of developing organs, 
differential proliferation may not, however, be the entire means by which branching morphogenesis occurs. For example, isolated lung epithelium responds to 
fibroblast growth factor (FGF) 1 by forming buds; however, these buds form before differential proliferation is detectable ( 15). FGF10 acts as a chemotactic factor for 
lung epithelium during development (16) but needs an associated proliferative signal to make a bud ( 17).

Prostatic Mesenchymal and Epithelial Differentiation

Concurrent with the process of ductal branching morphogenesis, epithelial and mesenchymal or stromal cytodifferentiation occurs in the first 2 to 3 weeks after birth in 
rats and mice. Prostatic development is a complex androgen-dependent process involving a coordinated set of events occurring in both the epithelial and stromal 
compartments of the gland. As described below androgens act upon the urogenital sinus mesenchyme to elicit a complex series of reciprocal interactions. Thus, 
whereas epithelial differentiation is dependent on the presence of the urogenital mesenchyme, stromal differentiation is in turn dependent on the presence and 
differentiation state of the developing prostatic epithelium ( 18). During fetal and prepubertal development, androgens act on the prostatic mesenchyme to induce 
ductal budding, epithelial proliferation, and growth of solid epithelial cords into the mesenchyme. When the ducts canalize, the luminal and basal epithelial cells 
undergo cytodifferentiation (19,20). Epithelial cells of the developing solid prostatic buds are characterized by the coexpression of cytokeratins 5, 8, 14, and 18. These 
solid cords elongate into the surrounding mesenchyme as a result of intense proliferative activity at their tips ( 14). Ductal canalization is initiated in the solid epithelial 
cords from the urethral terminus of the prostatic ducts and proceeds distally toward the ductal tips. As the solid epithelial cords canalize, the epithelium reorganizes 
into two distinct cell populations. Basal epithelial cells become localized along the basement membrane to form a discontinuous layer of cells expressing cytokeratins 
5 and 14 in the rat and mouse. Concomitantly, tall columnar luminal cells, which express cytokeratins 8 and 18, differentiate and line the ductal lumina ( 19,21). By this 
process, the original homogenous epithelium of the solid epithelial buds (expressing both luminal and basal cell cytokeratins) differentiates into the distinct luminal 
and basal cell lineage, each expressing their characteristic subset of cytokeratins. Finally, as testosterone production increases, the production of prostatic secretory 
proteins is initiated in rats as early as 13 days postnatally and increases dramatically at puberty ( 22).

Another important differentiation marker for prostatic epithelium is the androgen receptor. Epithelial androgen receptors are not expressed in the embryonic prostatic 
buds, even though the surrounding urogenital sinus mesenchyme expresses high levels of androgen receptors. As the solid prostatic cords canalize in the neonatal 
period, the differentiating prostatic epithelium expresses low levels of androgen receptors ( 23). In the mouse and rat prostate, epithelial androgen receptors are 
detectable at approximately 2 to 6 days postnatally, even though species and strain differences in the timing of expression of epithelial androgen receptors have been 
noted (19,24). The number of androgen-receptor-positive epithelial cells, as well as the percentage of positive cells, increases until approximately 15 days of age, 
when all of the luminal cells are intensely androgen receptor positive ( 25). The question of whether androgen receptors are expressed in basal epithelial cells is still 
debated (25,26).

In all fetal male reproductive organs, androgen receptors are initially detectable in the mesenchyme during the ambisexual stage ( 9). Thus, androgen receptors are 
present in urogenital sinus mesenchyme before the initiation of prostatic budding ( 20,24). As mesenchymal differentiation proceeds, the smooth muscle cells remain 
androgen receptor positive, while interductal fibroblasts become androgen receptor negative ( 20,24). Therefore, many key androgen-dependent developmental 
processes occur in fetal life, when androgen receptor levels are high in the mesenchyme and undetectable or low in the epithelium. This suggests a paracrine 
mechanism of androgen action in the developing male reproductive tract.

As prostatic epithelial differentiation proceeds, starting at the prostatic urethra and extending distally toward the ductal tips, the peri-epithelial mesenchymal cells 
differentiate into androgen-receptor-positive smooth muscle cells. Initially, the mesenchymal cells predominantly express vimentin, although some mesenchymal cells 
also express smooth muscle a-actin (20). Indeed, peristaltic contractions have been reported in the urogenital sinus of the fetal mouse demonstrating that even at this 
early stage, some muscular activity is possible. As development progresses, the mesenchymal cells become organized into sheathes of smooth muscle expressing a 
range of markers, including desmin, myosin, and laminin (20).

Adult prostatic tissue in humans and rodents has an extremely low rate of cell division, even though androgen levels are high in adulthood. It is believed that in the 
adult prostate, androgens act on epithelial and smooth muscle cells to maintain the cytodifferentiation and function of an essentially growth-quiescent gland. 
Interactions between adult prostatic epithelium and smooth muscle are certainly involved in this process, even though these interactions in adulthood are 
fundamentally different from the morphogenetic mesenchymal-epithelial interactions occurring during development. Nemeth and Lee suggest that epithelial 
proliferation in the ductal tips of adult rat ventral prostate is mediated by interactions of prostatic epithelium with fibroblasts that are particularly abundant in 
association with ductal tips ( 27). Epithelial proliferation does not occur in the proximal or intermediate portions of the prostatic ducts where the epithelial cells are 
surrounded by smooth muscle cells. We have proposed similar ideas in relation to the control of epithelial proliferation during human prostatic carcinogenesis ( 18).

Role of Androgen Receptors and 5a-Reductase

Prostatic development, growth, and function are androgen dependent. While testosterone is the major androgen secreted by the testis, it is metabolized to 
dihydrotestosterone (DHT) by the enzyme D4-3-ketosteroid-5a-reductase (5a-reductase) in the prostate ( 28). DHT has a tenfold greater affinity for the androgen 
receptor than for testosterone (29). Prostatic development is severely impaired when 5a-reductase activity is inhibited chemically or by mutation of the gene encoding 
this enzyme (31). This has been interpreted to indicate that DHT is the active androgen in masculinization of the embryonic urogenital sinus. 5a-Reductase is now 
known to consist of two isoforms, type 1 and type 2 (28). It is the type 2 enzyme that is required for normal prostatic development ( 32).

Mesenchymal-Epithelial Interactions in Prostatic Development

As indicated, the prostate develops from the endoderm-derived urogenital sinus, which also gives rise to the bladder and bulbourethral gland. Organogenesis of the 
prostate is absolutely dependent on mesenchymal-epithelial interactions, as differentiation of both the epithelium and mesenchyme is abortive if the epithelium and 
mesenchyme are grown by themselves. This concept applies not only to the prostate, but also to other male and female urogenital organs and other organ rudiments, 
which are composed of an epithelial parenchyma and mesenchyme.

Development of the prostate is dependent on inductive signals from the mesenchyme ( 10), and these prostatic inducing signals emanate from spatially discrete areas 
within the urogenital sinus mesenchyme (33,34). Regional differences in inductive activity of the urogenital sinus mesenchyme are responsible for the development of 
the well-defined lobar subdivisions of the prostate. The lobe-specific differences in prostatic differentiation are induced by regionally distinct subpopulations of 
mesenchyme within the urogenital sinus (33,34,35). For example, developing urethral epithelium is surrounded by a loose mesenchyme that is in turn partially 
surrounded by areas of condensed mesenchyme, the most obvious of which is the so-called ventral mesenchymal pad ( 34). This condensed area of mesenchyme lies 
ventral to the urethra and can induce the formation of the ventral prostate ( 34). Similarly, condensed mesenchyme overlying the dorsolateral areas of the urethra is 
known to induce dorsolateral prostate (36). These lobe-specific inductive activities can be experimentally identified owing to lobar differences in the secretory proteins 
expressed by epithelium. Surprisingly, the ventral mesenchymal pad also develops in the female embryos, and the female ventral mesenchymal pad is able to induce 
the formation of a prostate in the presence of androgens ( 34).

The outcome of epithelial-mesenchymal interactions is dependent not only on the source of the inducing mesenchyme, but also on the germ layer origin and 
responsiveness of the epithelium (37). Although mesenchyme induces and specifies the differentiation of the epithelium, developmental end points induced by 
mesenchyme are limited by the developmental repertoire of the germ layer origin of the epithelium. For example, prostatic morphogenesis and differentiation has been 
elicited only from endodermal epithelia derived from the urogenital sinus (vaginal, bladder, urethral, and prostatic epithelia). Attempts to induce prostatic 
differentiation from foregut endoderm have been unsuccessful (G. R. Cunha, unpublished data, 1986). Likewise, seminal vesicle differentiation has only been induced 
from mesodermal epithelium derived from the Wolffian duct ( 37). Thus, the origin of the responding epithelium plays a critical role in determining developmental 
outcome of experimental tissue recombinants.

While mesenchyme induces epithelial differentiation, the epithelium in turn induces smooth muscle differentiation in the mesenchyme. Indeed, both differentiation and 
morphologic patterning of smooth muscle in the prostate is regulated via cell-cell interactions with epithelium. For example, when urogenital sinus mesenchyme was 
grafted and grown for 1 month in male hosts, little if any smooth muscle differentiated in the mesenchyme. However, when urogenital sinus mesenchyme was grafted 
with rodent urogenital sinus–derived epithelia, actin-positive smooth muscle cells differentiated and became organized into thin sheathes, as is appropriate for the 
rodent prostate (38). Conversely, rat urogenital sinus mesenchyme formed thick sheets of smooth muscle surrounding the epithelial ducts in tissue recombinants 
composed of rat urogenital sinus mesenchyme (UGM) plus human prostatic epithelium (39). A thick smooth muscle layer is the pattern characteristic of human 
prostate and demonstrates that human prostatic epithelium not only induced the rat mesenchyme to undergo smooth muscle differentiation, but also to become 
organized into the human prostatic smooth muscle pattern. These observations suggest that prostatic smooth muscle differentiation is induced and spatially patterned 



by epithelium. Similar findings have been made for the uterus, urinary bladder, and intestine.

Although mesenchymal-epithelial interactions play a fundamental role in development of the prostate, the overall developmental process is elicited by androgens, 
which regulate prostatic development, growth, and function via androgen receptors. During fetal or neonatal periods, or both, androgens induce the appearance of 
prostatic epithelial buds, ductal elongation, and branching. Because prostatic development is androgen dependent and is induced by mesenchyme, androgenic 
effects on epithelial development have been shown to be mediated via mesenchyme. To clarify the respective roles of epithelial versus mesenchymal androgen 
receptors in the developing prostate, tissue recombinants were prepared with epithelium and mesenchyme from wild-type and androgen-receptor-negative testicular 
feminization (Tfm) mice (40). Analysis of chimeric prostates composed of wild-type mesenchyme plus Tfm epithelium has demonstrated that 
androgen-receptor-deficient Tfm epithelium can undergo androgen-dependent ductal morphogenesis, epithelial proliferation, and columnar cytodifferentiation ( 41). 
This suggests that certain “androgenic effects” on epithelium may be independent of androgen receptors in the epithelium. Instead, many androgenic effects on 
epithelium appear to be elicited by paracrine factors produced by androgen-receptor-positive mesenchyme.

If many androgenic effects on prostatic epithelium are elicited via stromal androgen receptors, then what is the function of epithelial androgen receptors? The role of 
epithelial androgen receptors was demonstrated by the analysis of tissue recombinants containing androgen-receptor-negative Tfm epithelium plus 
androgen-receptor-positive wild-type mesenchyme. In such tissue recombinants, the Tfm epithelium was induced to undergo prostatic differentiation but failed to 
express secretory activity (42,43). In a broader context, it is known that androgens, estrogens, and progesterone induce or inhibit epithelial proliferation in their 
respective target organs of male and female genital tracts. Comparable chimeric wild-type and steroid receptor–null tissue recombinants have been prepared with 
androgen receptor–null, estrogen receptor–a–null, or progesterone receptor–null mice. From such experiments, it has been demonstrated that, for all three classes of 
steroids, epithelial proliferation in vivo is regulated via the appropriate hormone receptors in the stromal cells ( 44,45 and 46). Thus, regulation of epithelial proliferation 
by sex steroids occurs via paracrine mechanisms in normal epithelium in vivo. Conversely, hormonal regulation of epithelial differentiation and function requires 
epithelial hormone receptors (42,43,47,48).

Homeobox Genes in Prostatic Development

Although prostatic development is clearly dependent on androgens, developmental regulatory molecules downstream of androgen action have yet to be elucidated. It 
is clear that mesenchymal-epithelial interactions are critical to this process, but factors intrinsic to the epithelium also play an important role. One class of regulatory 
molecules that might fit this role is the homeobox genes. These encode a family of transcription factors that have a highly conserved DNA-binding domain (the 
homeodomain) and have been shown to be important in organogenesis through control of the expression of downstream genes ( 49). In some systems, especially 
invertebrates where these genes were originally identified, homeobox genes appear to act as major developmental switches, conferring segment identity in Drosophila
 (50). In vertebrates, homeobox genes are often expressed in areas of mesenchymal-epithelial interactions ( 51). Two homeobox genes, Nkx3.1 and HoxD-13, are of 
particular interest in prostatic development.

The human NKX3.1 gene was first identified during a search for prostate-specific genes among a large expressed-sequence tag database of tissue-specific cDNA 
sequences (52). Human NKX3.1 maps to the region of 8p21 that is deleted in approximately 80% of all prostate carcinomas ( 52). The murine Nkx3.1 homeobox gene 
(53) is the earliest known marker of prostatic development, being expressed in urogenital sinus epithelium two days before the appearance of prostatic buds ( 54). Its 
restricted, “parenthesis” pattern of expression within the urogenital sinus epithelium appears to identify the prospective prostatic epithelium, such that the dorsal 
boundaries of NKX3.1 expression correspond to the location of the prospective anterior prostate, the intermediate regions to the dorsolateral prostate, and the ventral 
boundaries of NKX3.1 expression correspond to the ventral prostate. Nkx3.1 expression is also observed in the endodermally derived bulbourethral gland, an 
androgen-dependent glandular outgrowth of the caudal urethra, but it is not observed in any of the other male secondary sex organs. Nkx3.1 expression in the 
prostate continues throughout development and into adulthood. Initially, expression of this gene does not depend on direct testosterone stimulation of the epithelium, 
because it is expressed in androgen-receptor-negative (Tfm) epithelium that is induced to form prostate by wild-type UGM in tissue recombination experiments ( 54). 
Later expression of Nkx3.1 does appear to require epithelial androgen receptors, as its expression decreases in Tfm epithelium once ductal morphogenesis is 
complete and secretory cytodifferentiation is initiated in the wild-type UGM + Tfm epithelium tissue recombinants ( 54). In the androgen-receptor-positive LNCap 
prostatic carcinoma cell line, Nkx3.1 is induced by androgen (55).

Nkx3.1 mutant mice have been generated by targeted gene disruption ( 54). The prostates and derived bulbourethral glands in these mutant male mice exhibit a 
reduction in ductal complexity and show alterations in their secretory protein production. Moreover, both homozygous and heterozygous Nkx3.1 mutant mice display 
prostatic epithelial hyperplasia and dysplasia of increasing severity with age ( 54).

Another class of homeobox genes expressed in the prostate is the Hox genes. The human and murine Hox genes are localized in four clusters, A, B, C, and D. The 
genes that occupy the same relative position within their respective clusters are thought to be functionally and structurally conserved ( 49). Thus, for example, 
HoxD-13 has three paralogs, HoxA-13, HoxB-13, and HoxC-13 (56) that are expressed in the genital region, suggesting that they may also play a role in prostatic 
development (57,58). HoxD-13 is expressed in the developing and adult prostate ( 59), and HoxD-13 knockout mice have prostates that are reduced in overall size and 
in the number of primary ducts (60). HoxA-10 is expressed in the urogenital sinus and Wolffian duct posterior to the epididymis ( 61). Maximum expression of HoxA-10 
was seen at embryonic day 18, and maintenance of HoxA-10 expression in urogenital sinus cultures was not dependent on testosterone. HoxA-10– null mice had 
decreased seminal vesicle complexity and some anterior prostate gland abnormalities ( 61). Seminal vesicle morphogenesis was also altered in HoxA-13 mutant mice. 
This homeotic gene was broadly expressed in the urogenital tract, including the urogenital sinus, seminal vesicle, and bladder ( 62). Compound mutations in HoxD-13 
and HoxA-13 result in agenesis in the male secondary sex organs (63), pointing to an overlapping function of the Hox genes in the prostate.

One candidate regulator of prostatic homeotic genes is Sonic hedgehog (Shh). Shh expression has been observed in urogenital sinus epithelium before prostatic bud 
formation and in prostatic ducts, mainly in the proximal regions ( 64). Expression of Shh is androgen dependent in the urogenital sinus, and its levels are highest 
during the early postnatal period, when branching morphogenesis is occurring. Antibodies to Shh appear to inhibit early prostatic morphogenesis ( 64). The homeotic 
genes and their regulatory molecules are clearly key players in prostatic development and possibly in carcinogenesis.

Growth Factors in Prostatic Development

Fibroblast Growth Factors in Prostatic Development

The FGF family presently consists of 19 structurally related proteins, some of which play an important role in prostatic development. There are four known FGF 
receptors (FGFR1, 2, 3, and 4), although the ligand specificity of FGFRs is known for only some FGF receptor pairs. FGFs play many different roles during embryonic 
development, and evidence that FGFs play a key role in directing male urogenital development is considerable.

Keratinocyte growth factor (KGF, also known as FGF7) has been shown to function as a growth regulator in the prostate ( 65) and seminal vesicle (66). Recombinant 
KGF protein directly stimulates growth of prostate and seminal vesicle epithelia when added to cultures of neonatal rat ventral prostate and mouse seminal vesicle. 
KGF is produced by mesenchymal cells and acts via the FGFR2 (iiib splice form), which is restricted to epithelial cells. Thus, KGF signaling is paracrine, because 
mesenchymal cells make KGF but do not express the receptor (FGFR2 iiib), and epithelial cells express the receptor (FGFR2 iiib) but do not make KGF. Transcripts 
for KGF are abundant during neonatal development of the seminal vesicle and ventral prostate and are highest during periods of active growth ( 67). When 
recombinant KGF was added to organ cultures of ventral prostate and seminal vesicle, it resulted in growth and development very similar to that induced by 
testosterone (65,66). Furthermore, a neutralizing monoclonal antibody to KGF inhibited testosterone-induced development of both the seminal vesicle and ventral 
prostate. These data supported the hypothesis that KGF functions as a mediator of androgen action, or andromedin (68,69). Studies on prostatic stromal cells grown 
in vitro suggested that KGF might be directly regulated by androgens (69). However, KGF messenger RNA (mRNA) was not regulated by androgens in ventral 
prostate or seminal vesicle organ cultures grown in vitro, or during development in vivo (67). Taken together, it is clear that KGF plays a key role as a mesenchymal 
factor, which regulates epithelial growth in the ventral prostate and seminal vesicle. How androgens are involved in regulating KGF activity is less clear, and it is 
possible that KGF is not directly regulated by androgens during prostatic or seminal vesicle development.

FGF10 has been shown to act as a paracrine regulator of development of the ventral prostate and seminal vesicle ( 70). FGF10 mRNA was shown to be abundant 
during prenatal and neonatal periods of prostatic organogenesis, but it was low or absent in adult organs (which are growth quiescent). In both the ventral prostate 
and seminal vesicle, FGF10 was observed in a subset of mesenchymal cells in a pattern consistent with a role as a paracrine regulator of epithelial development. In 
the neonatal ventral prostate, FGF10 transcripts were localized in the mesenchyme peripheral to the periurethral mesenchyme and distal to the tips of the elongating 
ventral prostate epithelial buds, whereas at later stages, FGF10 mRNA was observed in the mesenchyme surrounding epithelial buds undergoing branching 
morphogenesis. FGF10 transcripts also did not appear to be regulated by androgens when examined in organs grown in vitro. Although FGF10 mRNA increased 
fourfold after treatment with testosterone in the seminal vesicle (but not the ventral prostate), this increase could not be antagonized with an antiandrogen. Also, 



FGF10 transcripts were observed in embryonic female reproductive tracts in a position analogous to that of the male ventral prostate, suggesting that FGF10 
expression is not dependent on androgens.

Recombinant FGF10 protein has been shown to stimulate growth of prostatic epithelial cell lines, but did not stimulate growth of either Dunning tumor stromal cells or 
primary seminal vesicle mesenchyme. Additionally, recombinant FGF10 stimulated the development of ventral prostate and seminal vesicle organ rudiments in 
serum-free organ cultures, eliciting development similar to that induced by testosterone (or KGF). When FGF10 and testosterone were added simultaneously to 
ventral prostate or seminal vesicle organ cultures, synergism was not observed. Furthermore, development induced by FGF10 could not be completely inhibited by 
the antiandrogen cyproterone acetate, demonstrating that the effects of FGF10 were not mediated by the androgen receptor. Thus, it is likely that FGF10 functions as 
a mesenchymal paracrine regulator of epithelial growth in the ventral prostate and seminal vesicle and that the FGF10 gene is not directly regulated by androgens 
(70). Despite the observations that KGF and FGF10 genes are not directly androgen regulated in vivo, it is possible that androgens are involved in the function of 
these molecules. The level at which androgens might regulate FGF10 or KGF activity is unknown, but it may be at the protein level and may involve regulation of 
protein distribution or other essential components of FGF signaling (e.g., heparan sulphate).

The high degree of biochemical and functional similarity between FGF10 and KGF ( 71) might lead to the erroneous conclusion that these molecules are 
interchangeable or functionally redundant, as discussed below. One of the key differences between KGF and FGF10 is in the localization of their transcripts within 
mesenchyme. KGF mRNA is diffusely distributed throughout mesenchyme (72), whereas FGF10 mRNA is restricted to a subset of mesenchymal cells closely 
associated with actively growing epithelium ( 16,70). This is an important difference and may account for the phenotypes observed in the KGF and FGF10-null mice. 
KGF knockout mice have a very mild phenotype and have no significant loss of function of organs, which normally show high levels of KGF expression ( 73). This may 
be because FGF10 can compensate for the lack of KGF. In contrast, the FGF10 knockout mouse shows a very severe phenotype and shows loss of organs known to 
express high levels of FGF10 (e.g., lungs, limbs, and prostate) ( 74,75) (A. A. Donjacour, G. R. Cunha, unpublished data, 2001). Clearly, KGF is not able to 
compensate for the lack of FGF10, and this may be due to the different expression patterns observed for KGF and FGF10 transcripts. It is possible that, because 
FGF10 is expressed abundantly in a spatially restricted pattern, locally high levels of FGF10 enable it to compensate for a lack of KGF, but the opposite is not true for 
KGF, which is diffusely expressed throughout mesenchyme.

An important difference in the mechanism of action of KGF and FGF10 is that KGF-induced growth is sensitive to antagonism by the antiandrogen cyproterone 
acetate (65,67), whereas FGF10-induced prostatic development is not. Thus, KGF signaling may intersect with androgen receptor signaling, whereas FGF10 
signaling may not (70). These observations are in agreement with studies in the lung demonstrating different biologic effects of KGF and FGF10 ( 16,17). 
Consequently, it is possible that although KGF and FGF10 show many biochemical and functional similarities, they may have distinct as well as partially overlapping 
functions in development of the prostate and seminal vesicle.

Transforming Growth Factor Beta in Prostatic Development

The transforming growth factor beta (TGF-beta) superfamily represents a large group of molecules, which signal through similar cell surface receptors ( 76,77). This 
superfamily contains at least five TGF-betas, of which three (TGF-beta-1, -2 and -3) are known to be present in the prostate of humans and rodents. TGF-betas signal 
through a heterodimeric transmembrane receptor composed of two elements: TGF types 1 and 2 receptors ( 77,78). Signaling through the TGF-beta receptor 
heterodimer results in phosphorylation of Smad proteins (mammalian homolog of the Drosophila Mad gene), ultimately resulting in the activation of target genes. 
TGF-betas have been reported to elicit a variety of effects on cells, which reflect the target cell type and the conditions under which experiments are performed. These 
ligands can be either mitogenic or growth inhibitory and may also play a role in differentiation ( 76,77 and 78). Specific effects seem to depend on the target tissue. For 
example, TGF-betas are often mitogenic for fibroblasts, while acting as epithelial growth inhibitors. The growth-inhibitory effects of TGF-betas have been reported for 
cultures of prostatic epithelial cells ( 79). It is also important to note that the sites of production and action of TGF-beta do not have to be physically close. Maternal 
TGF-beta-1, for example, is known to cross the placenta and be active in fetal tissues ( 80). TGF-betas are secreted as inactive precursors, which have to be 
proteolytically cleaved to bind to their receptors ( 76). Both TGF-beta-1 and -2 have been shown to bind to extracellular matrix components, especially collagen type 
IV, where they are able to retain biologic activity ( 81). Therefore, when considering the biology of these molecules, it is important to be aware of the sites of 
expression, extracellular binding, and activation, as well as the location of TGF-beta receptors.

TGF-beta ligands and receptors are known to be expressed in the prostate ( 82,83). Ligands are differentially expressed in epithelial versus stromal compartments. For 
example, we have shown in tissue recombination models that TGF-beta-1 is not expressed in the epithelium of developing prostatic structures, although it is present 
in the stroma (39,84). In the same model system TGF-beta-3 was detected in both epithelial and stromal compartments (84).

TGF-beta is suggested to play a role in the differentiation of prostatic smooth muscle ( 85). It is possible that changes in either expression or activation of the ligand 
may affect the overall balance of cell proliferation, differentiation, and cell death. Thus, TGF-beta has been implicated as a mediator of apoptosis in both the 
maintenance of normal glandular architecture ( 86,87) and after castration (87,88,89,90,91,92 and 93). TGF-beta mRNA and protein are both repressed by androgens 
in vivo (92,93). TGF-beta-1 has recently been shown to be capable of altering the nuclear to cytoplasmic distribution of androgen receptor in rat prostatic smooth 
muscle cells in vitro (94). Although the significance of this observation for prostatic biology is at present unclear, it does emphasize the potential of this family of 
molecules to play a key role in the steroidal regulation of tissues.

TGF-beta-1 gene knockout mice, at least on some strain backgrounds, are viable. At 45 days of age, male mice are approximately 35% of the weight of wild-type 
littermates. Dissection of the male reproductive organs revealed a range of organ weights in the knockout animals, from 26% (epididymis) to 4% (seminal vesicle) of 
values of wild-type littermates (ventral prostate, 10%; dorsolateral prostate, 15%; testis, 17%). Dissection of the prostatic lobes showed that ductal tip number was 
reduced by approximately 50% (A. A. Donjacour, J. Letterio, unpublished data, 1997). These data illustrate that although TGF-beta-1 is not absolutely required for 
prostatic development, its absence leads to severe impairment of growth and development.

Epidermal Growth Factor Ligands in Prostatic Development

In its mature form, epidermal growth factor (EGF) is a 6-kDa polypeptide with potent mitogenic activity in many tissues. EGF is found in a number of exocrine 
secretions, including saliva, intestinal secretions, milk, seminal fluid, and urine ( 95). EGF-like activity has been reported in extracts of human prostate, testis, 
epididymis, and seminal vesicle ( 96). Further reports indicated that EGF was present in human prostatic fluid, with the fluid titer being significantly lower in BPH 
patients than in normal controls (97). A number of groups have shown that primary monolayer cultures of prostatic epithelium are responsive to the mitogenic effects 
of EGF (98).

Levels of immunoreactive EGF decrease markedly in the mouse ventral prostate after castration ( 99). Other reports demonstrate a relationship between androgen 
status and high-affinity EGF receptors in the rat prostate ( 100). Castration elicits a two- to sixfold increase in receptor expression, whereas treatment of castrated 
animals with DHT results in decreased expression. A similar inverse relationship between nuclear steroid receptors (androgen, estrogen, and progesterone) and 
EGF-receptor-binding capacity has been found in human BPH samples ( 101). This regulation of the EGF receptor has been interpreted as indicating a possible role 
for the EGF ligand family as autocrine or paracrine mediators of steroid hormone action. This idea is supported by data showing that EGF was crucial for 
androgen-dependent development of the Wolffian duct ( 102) and in estrogenic response in the uterus and vagina ( 103).

Work on the androgen-responsive prostatic cancer cell line, LNCaP, has shown an opposite form of regulation in that androgenic stimulus increased the expression of 
EGF receptor in these cells (104). Similar results have been obtained in PC3 cells transfected with the androgen receptor gene ( 105). These findings may represent 
peculiarities of these cell lines or may be related to the aberrant phenotype of these transformed cells. It is notable that other hormonally responsive cancer cell 
lines—for example, the human breast line MCF-7—also secrete a variety of growth factors, in some cases in an estrogen-regulated manner ( 106).

Transforming growth factor alpha (TGF-alpha) is a 5.6-kDa polypeptide with sequence and structural homology to EGF ( 107). Assays in cell culture show similar 
biologic activities for the two growth factors. TGF-alpha has been found in both embryonic and adult normal tissue ( 107). The potential role of TGF-alpha in disease 
processes has been underlined by studies of transgenic mice overexpressing TGF-alpha ( 108). Overexpression of TGF-alpha in these animals led to epithelial 
hyperplasia, dysplasias, and neoplasia in a number of tissues, notably the breast, liver, pancreas, and prostate. These findings clearly illustrate that control of growth 
factor expression is crucial to the maintenance of normal adult tissues, and that any breakdown of this control could induce the types of abnormalities described.

Four additional mammalian EGF family ligands have been described. These are heparin-binding EGF-like growth factor (HB-EGF), amphiregulin, betacellulin, and 
epiregulin. The receptor family has also expanded to four molecules: HER1 (EGF receptor or erbB-1), HER2 (neu or erbB-2), HER3 (erbB-3) and HER4 (erbB-4). 
TGF-alpha, amphiregulin, and EGF signal exclusively through HER1 ( 109). HB-EGF is an activating ligand for the EGF receptor (HER1 or erbB-1). HB-EGF has been 



detected in human prostate in interstitial and vascular smooth muscle cells and has been suggested to be an epithelial mitogen ( 110).

Insulinlike Growth Factors in Prostatic Development

Insulinlike growth factors 1 and 2 (IGF-1 and IGF-2) are circulating, single-chain polypeptides with significant amino acid similarity to proinsulin ( 111). Both 
polypeptides bind to and act through the type 1 IGF receptor (IGF-R1) to affect various aspects of cell function (e.g., proliferation, cell cycle progression, 
differentiation, apoptosis) in a wide variety of tissues ( 112). The IGF-R1 is a heterotetrameric transmembrane tyrosine kinase. IGF-2 can also bind to the IGF-2 or 
mannose 6-phosphate receptor, which also binds mannose-6-phosphate–containing extracellular proteins. This receptor is believed to be important in IGF-2 turnover 
(113). Both IGF-1 and IGF-2 are bound in the vasculature and in tissue by at least six different IGF-binding proteins (IGFBPs) ( 114). These IGFBPs modulate the 
activity of the IGFs. Although originally identified as circulating hormones stimulated by growth hormone secretion ( 115), the widespread tissue production and action 
of IGFs 1 and 2 imply that these are also autocrine and paracrine factors ( 116).

The IGFs appear to play a major role in normal prostatic growth as well as in carcinogenesis. The earliest indications of this came from in vitro studies. Both insulin 
and IGF-1 are mitogenic for human and rodent prostatic epithelial cells in vitro (98). Moreover, insulin (or IGF-1) has been demonstrated to be an important 
component of serum-free media, and, in the case of the neonatal mouse seminal vesicle, it is required to obtain maximal response to testosterone ( 117). IGF-1 gene 
expression has been reported in human and rat prostates, in the Dunning R-3327 prostatic tumor, and in some of its variants ( 118). Prostatic epithelial cells express 
IGFBPs (119). Little is known concerning the temporal and spatial pattern of expression of IGF-1, IGF-2, IGF-receptors, or IGFBPs in relation to the temporal and 
spatial pattern of DNA synthesis or differentiation in the growing prostate in vivo. An epidemiologic study in 1998 linked higher circulating IGF-1 levels with prostate 
cancer risk in humans (120).

IGF-1 knockout (IGF-1-KO) and type 1 IGF receptor knockout (IGF-R1-KO) mice have been created ( 121,122), and such mice are approximately 60% of normal size 
at the end of gestation. In most genetic backgrounds, IGF-1-KO and IGF-R1-KO mice usually die immediately at birth. However, even in the most severely affected 
strains, a small percentage (1% to 2%) of the IGF-1-KO mice survives past puberty. The prostates of these mice have been examined ( 123) and were found to be very 
small and retarded in their degree of ductal branching morphogenesis ( 124). Some of the parameters measured (e.g., terminal ductal tips and branch points) were 
proportional to the size of the animal, whereas others (e.g., gland area) were more severely reduced ( 124). Administration of testosterone or IGF-1 in adulthood to the 
homozygous null mice increased prostatic size and ductal tip number significantly. The growth-promoting effects of testosterone and IGF-1 were synergistic ( 124).

The authors have used an alternate method of analyzing prostates from IGF-1-KO and IGF-R1-KO mice. Prostatic rudiments were excised from IGF-R1 or IGF-1–null 
mouse fetuses and transplanted under the renal capsule of adult athymic nude mice. One month after transplantation, grafts of both the ligand and receptor knockout 
mice were significantly smaller than wild-type prostatic grafts (less than 1 mg vs. approximately 50 to 60 mg wet weight, A. A. Donjacour et al., unpublished 
observations, 1998). It is not known whether this effect on wet weight is due to changes in the rate of proliferation or of apoptosis. However, it has been shown that the 
cell cycle time is 2.5 times longer in IGF-R1 null fibroblasts versus normal fibroblasts ( 125). Despite the reduced size of transplants of prostatic rudiments from 
IGF-R1 or IGF-1–null donors, mature prostatic epithelial cells—which were tall, columnar, and expressed normal prostatic secretory proteins—differentiated. In both 
IGF-1-KO and IGF-R1-KO prostatic transplants, the stromal cells were concentrically organized around the ducts and resembled smooth muscle. Thus, IGF-1 appears 
to primarily affect cell number through regulation of proliferation or apoptosis, or both, and not cellular differentiation. The similarity of the results between the ligand 
and receptor knockout tissues suggested that local, and not circulating (in this case, from the host) IGF-1 was responsible for prostatic growth.

Many questions remain about the role of IGF-1 in prostatic development. The site of IGF-1 production must be described and its mode of action, autocrine, paracrine, 
or both, must be elucidated. The potential relationship of testosterone with IGF-1 deserves examination. In viable mutant strains, IGF-1-KO mice have lower 
testosterone levels in adulthood, owing to testicular defects that lead to infertility. In addition, in transient transfection assays, IGF-1 has been shown to stimulate 
androgen receptor–dependent transcription in the absence of testosterone ( 126). Finally, the role of the IGFBPs, which are present at least in human prostate ( 127), 
needs to be thoroughly investigated.

CONCLUSION

Secreted signaling molecules, along with their receptors and signal transduction pathways, are critical mediators of cell-cell and mesenchymal-epithelial 
communication that serve to regulate prostatic development and homeostasis. Other classes of molecules secreted into the extracellular space and at the cell surface 
are also important regulators of prostatic development and homeostasis. Examples of these molecules include (a) non-receptor proteins that bind secreted signaling 
molecules and modulate their activity, (b) extracellular proteases that can either activate or inactivate their target proteins, (c) extracellular matrix proteins that serve 
structural and other functions, (d) adhesion molecules, and (e) cell-surface enzymes that modify lipids and proteins.

In this regard, adhesive interactions between cells and tissues are also critical for controlling the movements, differentiation state, and proliferation of prostatic cells. 
These interactions can be mediated by cell-surface proteins, as well as by complex carbohydrate structures on the cell surface. An example is the type-2 cell surface 
carbohydrates implicated in cell-cell and cell-matrix adhesion interactions. The distribution of these complex carbohydrates in prostate cancer has suggested their role 
in regulating prostate biology ( 128). These carbohydrate structures can be found on proteins and lipids at the cell surface. They result from the activities of enzymes 
in the Golgi and at the cell surface that add, modify, and catabolize carbohydrate groups ( 129). Recent data from the authors' lab has shown that at least one of the 
enzymes, a fucosyltransferase that acts in the Golgi and at the cell surface to modify complex carbohydrates and synthesize type 2 structures, is spatially and 
temporally restricted during prostatic development. Furthermore, an antibody directed against this enzyme inhibits growth and branching morphogenesis of prostatic 
rudiments in vitro (130). These data suggest that control of the spatial distribution of cell-cell and cell-matrix adhesion interactions may be crucial in regulating cell 
movements, cell proliferation, and the spatial distribution of growth factor signaling during growth and morphogenesis of the prostate.

In summary, the extracellular space and cell surfaces within the prostate are not mere conduits for growth factors that mediate cell-cell and mesenchymal-epithelial 
interactions. This compartment hosts complex interactions among secreted signaling molecules, receptors, binding proteins, proteases, matrix proteins, adhesion 
molecules, and other enzymatic activities. The net result of these interactions is the coordinated growth, ductal branching morphogenesis, and differentiation of 
epithelial and stromal cells. The relative importance of secreted signaling molecules, receptors, binding proteins, proteases, matrix proteins, adhesion molecules, and 
other cell-surface enzymatic activities for prostatic development will ultimately be clarified as knockout mice for genes in each of these categories are made and 
analyzed. It seems likely that molecules in each of these categories will be found that are crucial for regulating prostatic development.
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INTRODUCTION

This chapter focuses on the superfamily of proteins that are referred to as nuclear receptors (NRs) and their participation in normal and pathologic states of the 
prostate. NRs are intracellular proteins that bind lipophilic-steroid molecules. Once NRs are associated with their respective ligands, they undergo a conformational 
change (including dimerization for some receptors), recognize and bind to specific steroid response elements within DNA, and control transcription of specific target 
genes, thereby exerting control of cellular metabolism and growth.

The superfamily of NRs comprises a diverse class of proteins that most likely evolved from a common precursor ( 1,2 and 3). Early work comparing the highly 
conserved DNA-binding domains of 30 known NRs classified members of the superfamily into three major categories: (a) thyroid and retinoid hormone receptors, (b) 
orphan receptors, and (c) steroid receptors ( 3). More recent work and discovery of new members of this family have increased the number of groups to five (2), and 
most recently six, subfamilies (1).

Throughout the chapter, NRs are organized in two general categories: (a) steroid receptors, including the androgen receptor (AR), estrogen receptor (ER), 
glucocorticoid receptor (GR), progesterone receptor (PR), and mineralocorticoid receptor (MR), and (b) nonsteroid NRs that include the subfamilies thyroid hormone 
receptors (TRs), retinoic acid receptors (RARs), peroxisome proliferator-activated receptors (PPARs), vitamin D receptors (VDRs), ecdysone receptors, and numerous 
orphan receptors (1). Many of the nonsteroid NRs have not been identified in the prostate and are not discussed.

In the next sections, the general discovery, structure, and function of NRs are reviewed. The evolving understanding of transcriptional control by NRs and associated 
proteins is discussed, along with known modulatory and regulating effects. In the second part of this chapter, individual NRs are discussed in the context of prostate 
development, growth, senescence, and pathologic states, including prostate cancer (CaP).

HISTORICAL OVERVIEW

The class of NRs was first discovered with the recognition of estrogen binding within estrogen-responsive uterine cells ( 4,5). With the discovery of an intracellular 
receptor for estrogen, other binding proteins for steroid ligands were sought and found, including glucocorticoid, progesterone, and androgen-binding proteins ( 6,7 
and 8).

Most ligand-free NRs were isolated from the cytosol and, after binding ligand, the receptor-ligand complex would be isolated in the nuclear fraction of protein. This 
suggested a ligand-induced translocation and a phenomenon that was referred to as the “two-step” hypothesis ( 4,9). With further refinement of molecular tools and 
intense investigation, it became clear that unbound receptors existed in both the cytoplasmic and nuclear fractions and a strict adherence to the “two-step” model did 
not fully explain all observations ( 9).

In the late 1980s, cloning of the NR genes resulted in a preliminary understanding of NR protein structure ( 10). Comparative analyses across known steroid receptors 
quickly identified the group as a family of proteins with conserved features ( Table 3-1). The identification of complementary DNA (cDNA) sequence also facilitated 
cDNA cross-hybridization screening and identification of an unexpectedly large number of members of the growing superfamily ( 11). Some of the identified receptors 
lacked known ligands and were referred to as orphan receptors. The first reported examples of orphan receptors included estrogen receptor–related 1 and 2 proteins 
(12). Analysis of cDNA also implicated some previously described receptors, such as VDR, as being part of the NR superfamily ( 13).

TABLE 3-1. NUCLEAR RECEPTOR CLASSES AND CHARACTERISTICS IN PROSTATE AND PROSTATE CANCER (CaP)

Cloning of the specific genes and identification of orphan receptors facilitated further research investigating the tissue specific expression, intracellular location, and 
function of NRs. The region of greatest homology between family members was found to encode two zinc fingers that bind to DNA. This region was implicated in 
specific DNA binding by sophisticated work that resulted in GR-activated transcription of estrogen-responsive genes when the first of the GR zinc fingers was 
replaced by the DNA-binding zinc finger of the ER ( 14). Subsequent work (described in more detail below) identified most members of the family to contain three major 
functional domains: a DNA-binding domain, a ligand-binding domain, and a transactivational domain.

The development of antibodies directed against NRs in the 1990s has resulted in further description of the regulatory role of NRs and identified a host of 
receptor-associated proteins. Unbound NRs have been shown to associate with chaperone molecules such as heat shock protein 90, heat shock protein 70, and 
smaller proteins, such as immunophilins (15). The association between these chaperone molecules and steroid receptors is thought to stabilize the receptor and 
contribute to the receptor's ability to bind ligand and activate transcription. Once ligand is bound, however, the aggregate of receptor and chaperones is thought to 



disassociate as the receptor translocates into the nucleus, dimerizes, and binds specific recognition sites adjacent to regulated genes.

Although NRs bind directly to DNA, DNA binding and transcriptional activation also involves a number of directly and indirectly associated proteins. A class of NR 
co-stimulatory and co-inhibitory proteins have been immunoprecipitated with different receptors and demonstrated to have modulatory affect on receptor function 
[reviewed in (16)]. The complex interactions between NRs and modulatory proteins likely contribute to the tissue specificity of some receptors' functions.

In conclusion, the early model of a ligand-bound NR's affecting transcription of target genes to affect cellular physiology remains intact. The advances over the past 
thirty years have refined the model, identified NRs as a superfamily, associated structure with function, and identified a host of proteins that associate and modulate 
the function of NRs.

NUCLEAR RECEPTOR STRUCTURE AND FUNCTION

This section reviews what is known about the structure and function of the superfamily of nuclear hormone receptors. First, the section focuses on the structure of the 
family of NRs and comments on structure and function relationships. Second, the regulation and function of NRs within target cells is discussed and NR-associated 
cellular proteins are identified with respect to the NR superfamily.

A general overview is provided with specific examples to give the reader a general understanding of the importance and activity of each major domain of the NRs. For 
more exhaustive reviews of the NR superfamily, the reader is directed to previous comprehensive reviews ( 9,17,18,19 and 20) and texts (21,22).

Structure

Members of the NR superfamily share three major functional domains: (a) a central DNA-binding domain, (b) a carboxy-terminal ligand-binding domain, and (c) an 
amino-terminal transactivational domain ( Fig. 3-1) (20).

FIGURE 3-1. Generic nuclear receptor structure: schematic depiction of the primary organization of the nuclear receptor superfamily. The transactivation domain (A) 
has the greatest sequence variation between members of the superfamily and contains the activator function 1 region (AF1) with ligand-independent transcriptional 
activity. The DNA-binding domain (B) has the least sequence variation between members and contains two zinc fingers. The ligand-binding domain (C) is located 
toward the carboxy terminus and also contains an activator function (AF2) that is ligand dependent. NH3, amino terminus; COOH, carboxy terminus.

Central and DNA-Binding Domain

Early on, a critical region of 66 amino acids was recognized as being homologous between all identified NRs and highly conserved across species ( 23). In the GR, 
insertional mutations disrupting this domain abrogated the receptor's ability to activate transcription ( 24). In the ER, this region is required for the receptor to achieve 
tight nuclear binding (25). Further work in the ER (26) and GR (27) demonstrated that this region alone was sufficient for transcriptional activation.

The amino acid sequence of this domain is rich in cysteine, lysine, and arginine and was anticipated to constitute a DNA-binding domain based on its similarity to 
regions within known DNA-binding proteins (e.g., TFIIa) ( 28,29). The amino acid sequence encodes two DNA-binding zinc fingers ( 30). The amino-terminus zinc finger 
is involved in DNA binding. The second zinc finger is more likely involved in receptor dimerization or interaction with NR coactivators. Crystallography has confirmed 
and expanded the understanding of NR-DNA binding ( 31).

Variations within the DNA-binding domain of NRs are one method for each receptor to target specific genes. In a seminal experiment, when a chimeric receptor was 
created by replacing the DNA-binding domain within the ER with that of the GR, ER targets were no longer inducible, whereas glucocorticoid targets were activated 
(14).

Carboxy Terminus and Ligand-Binding Domain

The carboxy terminus of each NR contains the ligand-binding domain and has been implicated in many receptor functions, including nuclear localization, 
transcriptional regulation (ligand dependent), and receptor dimerization ( 11).

Ligand-Binding Domain

NRs bind ligand on the carboxy terminus. The specificity of ligand interaction is determined by the ligand-binding domain (LBD) of each receptor with some overlap in 
specificity, as would be predicted based on sequence homology among NR members. Relatively short carboxy-terminal truncation mutants will fail to bind to 
hormones, whereas mutations within the amino terminus or DNA-binding domain continue to bind ligand ( 24,32). A heptad repeat of hydrophobic residues exists in the 
carboxy region of the ER that is shared by all members of the superfamily ( 33). Mutations within this hydrophobic region decrease ligand binding ( 33).

Crystal structure of NR family members (specifically the thyroid receptor) has revealed the hydrophobic residues to form a cavity in which ligand binds ( 34). A 
comparison between the x-ray structures of ligand-free retinol X receptor-alpha, ligand-bound RAR-gamma, and TR-alpha-1 reveals a common tertiary structure 
called an antiparallel alpha-helical sandwich with 12 helices ( 35). Based on the similarities in specific regions of the LBD, it was predicted that all members of the 
steroid receptor superfamily would have a similar structure ( 36). Structural analysis of the ER-LBD has supported this hypothesis and suggested that the LBD 
interacts differently with agonists and antagonists, resulting in differential binding to potential coactivators ( 37).

Nuclear Localization Domain

Many NRs are located in the nucleus in both ligand-bound and ligand-free states ( 38,39). In the PR, a constitutively active nuclear localization signal, similar to that of 
the SV40 virus large-T antigen, has been identified ( 40). In the absence of ligand, receptors with mutations replacing these amino acids remain cytoplasmic. The 
translocation of mutated receptor to the nucleus in the presence of progesterone ( 40), along with research into the intracellular localization of the GR ( 41), implicate a 
second, ligand-dependent, nuclear localization signal. This second signal may act indirectly by binding chaperone proteins that result in the translocation of the 
receptor.

Transcriptional Regulation

Most members of the NR superfamily have two identified regions with transcriptional activating activity [termed activator function 1 and 2 (AF1 and AF2)] ( 19,42,43). 
The ligand-binding domain has ligand-dependent transcriptional regulating activity (AF2). Without ligand, this region appears to inhibit transcriptional activation. 
Evidence suggesting this includes the truncation of the ligand-binding domain, resulting in a constitutively active receptor ( 26). This regulatory role seems to be 



independent of protein structure, as described in the GR, where the ligand-free binding domain can suppress DNA binding and transcriptional activation when 
rearranged and positioned at the amino terminus, as well as when it is placed on a separate, unrelated protein such as E1A ( 44). Once ligand is bound, the presence 
of this region of the protein increases transcriptional activation.

Dimerization

As discussed below, most members of the NR superfamily undergo dimerization after ligand binding. Most studies locating the protein domain as important for 
dimerization have suggested that dimerization activity is contained within the ligand-binding domain ( 40,45). Mutation of the ligand-binding domain of the ER 
abrogates dimerization (33). Thyroid, vitamin D, and RAR receptors, which undergo heterodimerization with the RXR receptor, also share a similar region in the 
ligand-binding domain (46).

Protein Stability

This region of steroid receptors may also be involved in protein stability. The ER has a tyrosine at amino acid number 537, mutation of which has a minimal effect on 
ligand binding or transcriptional activation but results in a significant decrease in the stability of the ER, as measured by ligand binding over time ( 47). How the 
phosphorylation of residues within the LBD region effects protein stability and how phosphorylation effects receptor function remain largely unknown.

Amino Terminus and Transactivation Domain

The amino terminus contains the second transactivational domain of NR that is ligand independent (AF1) ( 24,25,32). Of the three major domains shared by NRs, this 
region exhibits the greatest variation between receptors ( 23). Many receptors contain monoacidic repeats. The AR, for example, has a polyglutamine tract, a 
polyglycine repeat, and multiple smaller repeats ( 48). The polyglutamine tract in the AR, which is highly polymorphic, has been shown to modulate AR function 
(49,50). The mechanistic explanation for such an affect on AR transactivation is yet to be explained.

This domain may directly interact with the transcriptional machinery for target genes or indirectly through co-stimulatory proteins associated with the AR. In a recent 
report, flanking sequences such as monoacidic repeats have been shown to affect the interaction of SRC-1 and NRs that may in part explain the effect observed on 
transcription (51). The monoacidic repeats may also affect transactivation by decreasing (or increasing) protein stability.

For some NRs, the amino terminus is not critical for transactivation, as complete deletion reduces but does not fully abrogate transcriptional control by NR ( 24,26). For 
the AR, deletion of two regions with activator functions (AF1a and AF1b) has been found to decrease transactivational activity by up to 90% ( 52).

Nuclear Receptor and Ligand Interaction

The critical roles in cellular growth and metabolism of NR are underscored by the complexity of their regulation and the growing number of proteins that are directly 
involved in their regulation. In this section, the cellular pathway from receptor formation and regulation to the penultimate function of control of target gene expression 
is discussed.

Regulation of Nuclear Receptors

NRs are regulated at many levels with frequent regulatory feedback loops to maintain homeostasis and respond to specific stimuli in the target tissue. Regulation of 
the specific ligand for any NR is likely the predominant regulatory feature for mammals. The reader is referred to endocrinology texts for descriptions of the hormonal 
regulation.

Cellular expression of NRs can be regulated through transcription, translation, and posttranslational modification. Transcriptional control of NRs has been 
demonstrated for the AR with testosterone's having the ability to both down-regulate ( 53,54 and 55) and up-regulate (56,57) the expression of AR messenger RNA 
(mRNA) depending on the cellular assay used. There is also a suggestion that AR mRNA expression is controlled within the prostate by Ca 2+ regulation (58) or mRNA 
stabilization (59). Methylation of a CpG island within the AR promoter may represent a third method of regulating AR mRNA production in CaP ( 60).

There is also evidence that posttranscriptional and posttranslational regulations of NRs are important for the biology of responsive cells. Steroid receptors are 
phosphoproteins, and phosphorylation appears to be an important posttranslational mode of regulation for steroid and NRs ( 61). A few examples of kinases found to 
phosphorylate steroid receptors include src-kinase ( 62), mitogen-activated protein kinases (63), protein kinases A and C (64), and cell-cycle kinases (65).

The functional implications of receptor phosphorylation have been more difficult to define. Receptor phosphorylation has been suggested to affect ligand binding, 
receptor dimerization, DNA binding, transcriptional activation, protein stability, and interaction with co-regulatory proteins ( 61,66,67). Mutational analysis of the serine, 
tyrosine, and threonine residues found on NRs tend to have a modest affect on receptor function ( 67,68,69 and 70). Studies investigating the effect of 
forskolin-induced dephosphorylation of the AR have had conflicting results as to the effect on receptor activity but seem to favor increased transcriptional activation 
with dephosphorylation (64,71,72 and 73). Conversely, there are interesting examples of steroid receptor phosphorylation resulting in increased transcriptional 
activation as well as ligand-independent activation ( 63,71,74,75). A recent powerful example of AR activation by Her2/neu activation of the MAPK pathway 
underscores the potential importance of phosphorylation of steroids and NRs ( 76). Most of these studies have been performed in vitro and the biologic significance of 
phosphorylation of NRs in the prostate remains to be clearly demonstrated.

Other modalities of posttranslational modification are also used to control the activity of NRs. One example involving the AR includes an association with Ubc9. Ubc9 
is a member of the E2 class of ubiquitin-conjugating enzymes that enhance AR-dependent transcription by associating with the AR in the hinge regions of the protein 
(77). The mechanism of this enhancement of transcription remains unknown but is not dependent on Ubc9-mediated SUMO-conjugation of the AR ( 77).

Location and Status of Unbound Receptor

The “two-step” hypothesis reflected the belief that unbound NRs were located in the cytoplasm ( 4). The development of monoclonal antibodies directed against 
specific receptors located most NRs within the nucleus, regardless of their association with ligand. The cellular localization of ligand-free steroid receptors (GR, ER, 
MR, PR, AR) is a dynamic process; receptors can shuttle in and out of the nuclear pore complex ( 78,79). The amount of receptors in the nucleus is due to the balance 
of nuclear import (energy dependent and via the nuclear pore complex) and export (default, nonspecific pathway) ( 80). Ligand binding to SRs shifts more receptors 
into the nucleus either by exposing a ligand-dependent nuclear localization signal ( 41), disrupting a cytoplasmic heteromeric protein complex (81), or resulting in SR's 
binding to DNA, thus altering the equilibrium of SR transport across the nuclear membrane ( 82).

In both the cytoplasm and nucleus, ligand-free receptors are not alone; there are a growing number of associated proteins identified by coimmunoprecipitation that 
may modulate NR function. The first class recognized to be associated with NR proteins in the absence of ligand were the heat shock proteins, specifically heat shock 
protein 70 and heat shock protein 90 ( 83). Now included in the growing list of associated proteins are heat shock protein 70–interacting protein, heat shock protein 
70– and 90–organizing protein, immunophilin, and p23, among others [reviewed in( 84)]. The complexes of NR and associated proteins may not be stable but rather 
constitute a dynamic, energy-dependent process of constant association (requiring energy) and dissociation (spontaneous) ( Fig. 3-2) (85). The concerted functions for 
these interacting proteins remain to be elucidated but likely include increasing SR-ligand affinity, protein stability, and transcriptional inhibition ( 44,83,86,87 and 88).



FIGURE 3-2. Steroid receptor (SR) chaperones. Before binding ligand, SRs associate with a dynamic cast of chaperone proteins. After translation, SRs bind to 
heat-shock protein 70 (hsp70) and hsp70 interacting protein (hip). The hsp-70 and -90 organizing protein (hop) then facilitates a switch from hsp70 to hsp90, 
interacting with SR. Immunophilin (IP) and p23 associate with the SR through hsp90, at which point the SRs are competent to bind to ligand (S). Once S is bound, 
hsp90, IP, and p23 dissociate from the SR and the ligand-bound SR translocates to the nucleus.

Interaction with Ligand

The known lipophilic ligands enter cells and bind to their cognate receptors through what appears to be a passive, nonfacilitated process. NR-ligand binding 
stoichiometry is 1:1 for most receptors studied (89,90). The steroid receptor subfamily generally binds to ligand while existing as monomeric receptors, whereas many 
NRs bind ligand when they are already dimerized and bound to DNA ( 91). Ligand binding initiates a cascade of activity, beginning with a conformational change in 
protein structure and eventually resulting in transcriptional activation or repression.

Comparing the crystal structures of the ligand-free RXR-alpha and ligand-bound RAR-gamma suggests that the structural changes result in physical trapping of the 
ligand within the receptor (35,92). In the SR subgroup, ligand-induced structural changes may also be responsible for a reshuffling of SR-associated proteins and 
exposure of a nuclear translocation signal as mentioned previously. The ER LBD has been specifically shown to undergo a different conformational change with 
agonists versus antagonists; most noteworthy is the observation that after binding to an antagonist, the LBD structure prevents the binding of a co-stimulator peptide, 
whereas the agonist-bound structure is permissive (37).

As part of the conformational change resulting from ligand binding, steroid receptors dimerize. Receptors such as GR, ER, PR, and AR homodimerize before binding 
to DNA. Other NRs may already exist as dimers and, in the case of RAR, VDR, and PPAR, exist as heterodimers with the RXR-NR and are already associated with 
DNA response elements. Along with dimerization, NRs associate with a growing list of co-stimulators and co-inhibitors. These proteins—and in one exceptional case, 
RNA species—have been shown either to augment ligand-dependent transcriptional activity or to diminish the NR's effect. How these co-stimulating proteins function 
remains unclear. It has been postulated that they may augment NR transcriptional control by stabilizing a direct association between NR and the transcription initiation 
complex (TIC) or by acting as a bridge between NR and the TIC ( 93).

Nuclear Receptor and DNA Binding

As transcription factors, NRs specifically controlling the expression of target genes is paramount to their function. NRs bind to specific hormone-response elements 
(HRE), thereby influencing the transcriptional initiation of target genes ( 94). Mutational analysis and comparative sequencing have determined consensus HRE 
sequences for many NRs, whereas x-ray crystallographic and nuclear magnetic resonance modeling of NR-DNA complexes have determined those amino acid 
residues critical for DNA binding. These studies support the current model of the interaction between members of this superfamily and DNA, but much remains to be 
described.

The amino-terminus zinc finger and the residues immediately adjacent to this region appear to be most important for DNA binding ( 95). Three clusters of residues 
found within this region associate with DNA and have been referred to as DNA hooks ( 96). In general, residues within this region bind to DNA bases; the phosphate 
backbone; structurally conserved, DNA-associated water molecules through hydrogen bonds and van der Waals forces; or a combination of these. Based on 
comparative crystal structures, as few as three amino acid residues within these DNA-binding hooks can determine DNA half-site recognition ( 97). However, adjacent 
amino acids as well as residues from the hinge region of NR, make significant contributions to HRE recognition and specificity through direct DNA binding, allosteric 
interference, and dimerization (96).

With the cloning of promoter regions of NR-target genes, consensus sequences were identified. There are two distinct consensus sequences that function as 
hexameric half-sites for many members of the NR superfamily. A consensus glucocorticoid response element of 5'AGAACA3' exists that also functions as the HRE for 
most of the steroid receptors (GR, PR, MR, AR) (98). The other major response element is an estrogen response element of 5'AGGTCA3' that represents a consensus 
sequence for many of the NRs [TR, RXR, VDR, RAR, PPAR, chicken ovalbumin upstream promoter-transcription factor (COUP-TF), and nerve growth 
factor–inducible-B] (99,100).

NRs most often bind to two cognate half-site response elements as dimers, and the orientation of each HRE half-site, as well as the spacing between the half sites, is 
important for receptor binding. Steroid receptor response elements bind to two palindromic half-sites separated by three base pairs. ERs, as well as all steroid 
receptors, bind to their response elements as homodimers (45,101). Most nonsteroid NRs bind DNA as heterodimers with RXR (102), although some bind as 
monomers (103).

Nuclear Receptor Transcriptional Activation and Repression

DNA-bound NR regulate the transcription of target genes through direct and indirect mechanisms. A simple model of transcriptional control includes an NR binding 
DNA and directing RNA polymerase II to initiate transcription. For many NRs, there is evidence for direct association with constituents of the TIC. For example, the 
steroid receptors ER, PR, and COUP-TF have been shown to directly interact with transcription factor IIB (TFIIB), an early transcription factor ( 104). Such a direct 
interaction is not unique for steroid receptors within this superfamily, as the NRs TR, VDR, and RXR each interact directly with components of the transcription 
initiation factor, including TFIIB, TFIID, and the multimeric TATA–binding protein ( 105,106 and 107).

The interactions between NR and the TIC can affect transcription in multiple ways. Ligand-dependent transcriptional activation of target genes has been reproducibly 
demonstrated for most known NRs. Specifically, the ligand-dependent AF2 region of multiple NRs has been demonstrated to activate transcription of target genes for 
the ER, PR, GR, TR, and RAR (43,108,109,110,111,112 and 113). Alternatively, ligand activation of NR can result in transcriptional repression of target genes with 
early examples identified for GR and TR (114,115 and 116) [reviewed in (117)]. Finally, ligand-activated relief of constitutive transcriptional repression or activation 
has also been described for NR superfamily members (118,119).

The observed phenomenon of transcriptional squelching (i.e., decreased transcription of an NR's target gene in the presence of an active, second NR) questioned the 
simple model of a direct and exclusive association between NR and the TIC and predicted the presence of co-regulatory proteins ( 120). Co-regulatory proteins were 
envisioned to act as bridging molecules between activation domains and basal transcription machinery ( 93,121).

It is now clear that many co-regulator proteins are involved in the transcriptional control of NR. A major family of proteins called the p160 coactivators includes at least 
three proteins in humans that have been found to directly interact with steroid receptors: SRC-1 (also known as NcoA-1), transcription initiation factor–2 (also known 
as GRIP1 and NcoA-2), and AIB-1 (also known as p/CIP, TRAM, and ACTR) (122,123 and 124). There are also examples of co-regulatory proteins that are more 
specific to certain members of the nuclear and steroid receptor superfamily [e.g., ARA70 interacting with AR ( 125) and, recently, PPAR-gamma (126)].

Although the complete functions of this family of proteins remains to be fully understood, they do serve to physically bridge NRs with two other, highly related 
coactivators: CREB-binding protein and p300 (127). These two proteins contain potent histone acetyltransferase activity that is critical for their ability to mediate 
steroid receptor transcriptional activation ( Fig. 3-3). Nuclear and steroid receptor coactivators may also serve an important integrative function through their 



interaction with AP-1, KfkappaB, NFAT, and STAT pathways.

FIGURE 3-3. Steroid receptor (SR) co-regulators. Once bound to ligand, SRs bind to DNA, and the initial co-regulators recruited include members of the p160 family 
and proteins with histone acetylase (HA) activity. Histone acetylation occurs, and the Pol II transcription complex is approximated to the transcription start site. 
Phosphorylation of Pol II occurs, and transcription begins. The SR-associated complex then detaches from the DNA and repeats the cycle. The specific members of 
the p160 family as well as the proteins involved in histone acetylation and polymerase phosphorylation likely vary, depending on SR and cell origin. a, acetyl groups; 
H, histone; p, phosphate; S, ligand.

Two examples of known co-repressors include the related proteins NcoR and SMRT ( 128,129). In 1999, an exciting observation implicated a possible new class of NR 
co-regulators that are functionally active as RNA transcripts ( 130).

There are different models to explain how these co-regulator proteins bind to NR and modulate transcription. First, there is evidence that they stabilize the interaction 
between NR and the TIC. Second, they may independently associate with components of the TIC and thus alter the efficiency of transcription initiation. Evidence is 
also growing that co-regulators affect chromatin acetylation and thereby affect DNA organization and structure. The exact mechanisms and biologic significance of the 
interaction between NR and coactivators is an extremely active area of current investigation.

ANDROGEN RECEPTOR IN THE GROWTH AND DEVELOPMENT OF THE PROSTATE

The development and growth of the prostate and the development of CaP are dependent on the presence of androgens and the AR ( 131). This section reviews the 
literature exploring the expression of AR in the developing and adult prostate, the presence and expression of AR in disease states of the prostate, and, finally, what 
is known about the function of AR in the prostate.

Embryology and Early Development

Expression of the AR during embryogenesis and early development has been described for the mouse, rat, and marsupial ( 132,133 and 134). The first expression of 
murine AR by in situ hybridization occurs at day 12.5 and is found in the genital tubercle, mesonephric mesenchyme, mammary mesenchyme, and other less strongly 
staining regions, such as the glandular part of the pituitary, the adrenal gland, and the levator ani muscle ( 132). The epithelial buds from which the prostate develops 
(135) are negative for AR staining in the developing embryo, but the surrounding mesenchyme stains strongly ( 132). As the mesonephric (Wolffian) ducts develop, 
there is a shift from AR expression in the mesenchyme to the ductal epithelium ( 132). Shortly after birth, there is an increase in the AR content of the ventral prostate 
epithelium in the immediate neonatal period of the rat ( 136).

Marsupials offer a good model to study the development of the genitourinary system because of their immature state at the time of birth and neonatal maturation 
(134). AR protein expression is not detected until postnatal day 5, when it is expressed in the scrotum, genital tubercle, and mesenchyme of the Cowper's gland and 
less intensely in the mesenchyme of the prostate. Like the development in the mouse, with increasing postnatal age, there is an increased expression in the prostatic 
mesenchyme and a late switch (at or after postnatal day 80) to expression in the epithelium of the prostate, as seen in the adult ( 137).

When human tissue, preserved in paraffin blocks, is examined by in situ hybridization and immunohistochemical staining, expression of AR mRNA is found in the 
prostatic epithelium from early fetuses, but no protein is seen ( 138). Later fetal specimens and infantile specimens did have immunohistochemical reactivity for AR, 
but in a largely cytoplasmic pattern. In pubertal and adult tissues, the level of mRNA expression appears to be decreased compared to that of the fetal prostate, but 
AR protein, now with a nuclear staining pattern, is readily detected ( 138). The mechanisms regulating or causing a slow sequential development of mRNA expression, 
cytoplasmic AR expression, and, finally, nuclear AR expression remain unknown.

AR knockout models occur naturally and underscore the importance of the AR in the development of the prostate. In the mouse, cat, and dog, the lack of a functional 
AR results in the formation of only a very rudimentary prostate ( 139,140 and 141). Mice with a syndrome of complete androgen insensitivity, referred to as testicular 
feminization (Tfm), have a frame shift mutation in the AR gene, causing early protein truncation ( 142). The use of chimeric recombinations of wild-type stromal cells 
and bladder epithelial cells from Tfm mice have demonstrated that AR activity within the stroma of the developing prostate is sufficient for prostatic gland bud 
formation, even though the epithelial cells remain AR negative ( 143,144 and 145). In androgenized heterozygote female mice (Tfm/wt), AR-positive and -negative 
cells formed small patches throughout the urogenital mesenchyme, and, on exposure to androgens, only those stromal cells positive for AR were found adjacent to 
forming prostatic buds (146).

Together, these observations suggest that prostate gland formation is dependent on stromal expression of AR, and, as the prostate matures, AR expression shifts 
from the stroma to the epithelium. It remains an active area of investigation to determine the downstream targets of AR activity that result in the formation and maturity 
of the prostate.

Expression of the Androgen Receptor in the Adult Prostate

The AR was initially shown to be present in the prostate in 1971 ( 147). In the adult prostate, there is also a suggestion that AR expression is higher in the peripheral 
zone [location of the majority of CaP tumors] than in the periurethral (internal) zone ( 148,149) although there is a report suggesting the opposite ( 150). The AR is 
expressed in the differentiated epithelium, basal cells, stromal cells, and vascular smooth muscle cells within the prostate ( 138). The relative expression levels vary 
with cell type; tubular epithelial cells have more intense and consistent staining than either basal epithelial cells or stromal cells ( 151,152).

Immunohistochemistry and hormone-binding studies suggest that most AR in prostatic epithelium is nuclear ( 48,153). In androgen-depleted states, increased AR is 
within the cytoplasm (154,155). In elderly men, with lower circulating levels of androgens, increased cytoplasmic AR is also observed ( 149). Cytoplasmic AR will shift 
into the nucleus, with replacement of androgens supporting the presence of a ligand-dependent nuclear localization signal ( 156,157).

Androgen ablation results in prostatic atrophy with a decrease in the number, size, and secretory function of luminal epithelial cells ( 158,159 and 160). There is often 
basal cell predominance that replaces the well-differentiated luminal epithelium and, at times, frank basal cell hyperplasia ( 161). On castration, AR mRNA content 
within prostatic epithelial cells initially increases ( 151,162) but eventually declines ( 54,163,164). Along with the total cellular content of AR decreasing, castration also 
results in a shift of AR into the cytoplasm ( 163).

Expression of the Androgen Receptor in Benign Prostatic Hypertrophy, Prostatic Intraepithelial Neoplasm, and Prostate Cancer

Much work has focused on the expression pattern of AR in the normal adult prostate compared to that of disease states such as benign prostatic hypertrophy (BPH), 
prostatic intraepithelial neoplasm (PIN), and CaP. In general, the staining pattern of AR within normal prostates is homogeneous within cell nuclei ( Fig. 3-4A). In BPH, 
PIN, and CaP, AR expression becomes increasingly heterogeneous, with wide variation between regions of the same prostate or tumor ( Fig. 3-4B) (165,166,167,168 
and 169). Although androgen-binding studies have identified both cytoplasmic and nuclear AR ( 170), immunohistochemical analysis generally detects nuclear AR 



(171). Quantitative studies have focused on the association between AR content and disease states as well as CaP behavior.

FIGURE 3-4. Androgen receptor (AR) staining in the prostate. AR staining is mainly nuclear for tubular epithelial cells within normal prostate glands, and staining is 
relatively homogeneous (A). With prostatic intraepithelial neoplasm (not shown) and prostate cancer (CaP) (B), AR staining becomes less homogeneous and can 
vary widely from cell to cell. AR expression is largely maintained at relatively high levels in both androgen-dependent (C) and androgen-independent metastatic CaP. 
(Photomicrographs of formalin-fixed tissue stained with hematoxylin before immunohistochemistry with an anti-AR antibody provided courtesy of M. Loda, 
Dana-Farber Cancer Institute, Boston.)

In general, AR expression is higher in BPH, PIN, and CaP than in normal prostatic tissue ( 165,166,171,172,173 and 174), although exceptions are found in the 
literature (175). Within the epithelial cells, it appears that the differences in AR content (as measured by androgen binding) are not found within the cytoplasm but 
rather the nucleus (170). The differences among BPH and CaP with respect to AR content are less clear, and studies have suggested that AR content in BPH is 
greater than (165,168,171,176), equal to (170,173), or less than (149) in CaP. Similarly conflicting results were found with PIN epithelial cells and CaP or BPH 
(169,177,178). When AR expression in lymph node metastases was compared to primary tumor expression, no difference was detected ( 175). Thus, there is little 
additional information provided by AR status with respect to the type of prostate pathology or to the stage of tumor.

It is still possible, however, that AR content may help to better CaP prognosis or response to treatment. Early observations suggested that CaP of a higher Gleason 
grade had decreased nuclear AR expression (166). However, other studies have failed to support this association ( 173) or demonstrate the opposite (169). Such 
inconsistent results are likely due to variability in tissue acquisition, differences in AR assays, and the heterogeneity of AR expression within the same tumor. It does 
appear that with increasing Gleason grade, AR staining becomes more heterogeneous ( 169). It is also noteworthy that patients with CaP tumors with marked AR 
heterogeneity have poorer survival regardless of the amount of AR ( 179). Whether this suggests a change in the functional role of AR with more aggressive CaP or is 
merely the result of an unrelated process remains to be demonstrated.

Investigators have addressed whether AR content or staining pattern predicts an individual's response to androgen withdrawal. Two early studies found that increased 
nuclear androgen binding capacity was statistically correlated with a longer response to hormonal therapy ( 180,181). Although an initial immunohistochemical study 
(182) with a small number of patients failed to support this observation, larger, more recent immunohistochemical studies have suggested that increased AR staining 
is associated with a higher response rate to hormonal therapy and increased duration of response ( 183,184).

Outside of the clinical response to hormonal withdrawal, it is less clear that AR content or staining predicts disease behavior. One study has demonstrated that 
patients with paraffin-embedded tumors that stain negatively for AR have a poorer survival than those that stain positively for AR ( 185). However, a large 
retrospective study from the Mayo Clinic found no association between mean number of AR immunoreactive nuclei as a univariate or multivariate variable and clinical 
progression, biochemical progression, or overall survival ( 178). Also, when newer automated immunohistochemical techniques are used, all of 40 advanced cancers 
evaluated expressed AR, with 85% of tumors having more than half of all cells positive ( 169).

One final area of investigation involves AR expression in androgen-independent tumors. Based on initial observations from androgen-independent tumors in the 
Dunning rat model (186) and the in vitro cell lines PC3 and DU145, loss of AR expression was thought to be important in androgen-independent growth of CaP. 
However, the vast majority of androgen-independent tumors in men continue to have high levels of AR staining ( 187,188,189 and 190). In a subset of 
androgen-independent tumors, continued AR expression may be increased owing to selection for clones that have undergone amplification of the AR gene ( 190,191). 
Mutations within the AR ligand-binding domain have also been identified in hormone-independent CaP and may maintain AR transcriptional activity in 
androgen-depleted states ( 187,192,193). It seems to be clear, that even with the development of androgen-independent CaP, the AR continues to be involved in cell 
growth.

Thus, AR is expressed within the prostate, BPH, and CaP. BPH tends to have the highest expression of AR when compared to normal or malignant prostatic tissue, 
whereas CaP has the most heterogeneous staining. Decreased staining of AR within CaP is associated with a decreased response to androgen withdrawal therapy, 
but few other definitive conclusions can be made. Understanding the true significance of these observations lies in describing the function of the AR within the 
prostate epithelium and how this functional role changes with malignant transformation.

Function of the Androgen Receptor within the Prostate and Prostate Cancer

A functional AR is necessary for the development of the prostate and CaP ( 131,194). As discussed earlier, the AR is clearly expressed during prostate organogenesis, 
in the mature prostate epithelium, and during all stages of prostate cancer. Animal models of CaP demonstrate that increased rates of CaP carcinogenesis are 
dramatically facilitated by androgens ( 195,196). However, the mechanisms behind AR's critical role and the important AR target genes in the developing prostate, the 
adult prostate, and the diseased prostate, have yet to be comprehensively described.

AR clearly acts as a transcription factor in the prostate. Prostate-specific antigen (PSA) is regulated by the AR; two androgen response elements are located within 
the promoter of PSA, and transcription of this gene is up-regulated by ligand-bound AR ( 197,198,199 and 200). Other androgen-responsive genes in prostatic cells 
include prostatic acid phosphatase (201), kallikrein (202,203), clathrin heavy and light chains ( 204), steroid-conjugating uridine diphosphate–glucuronosyltransferase 
enzymes (205,206), cyclin-dependent kinases 2 and 4 (CDK2 and CDK4) ( 207), p21 (208), and the homeobox gene NKX3.1 (209), among many others. However, it is 
not clear that all of these genes are under direct control of AR, nor has it been sufficiently demonstrated that AR regulation of these genes is necessary for the growth 
and development of the prostate or CaP.

The necessity for AR to act as a transcriptional factor in normal prostate development is demonstrated by androgen insensitivity syndromes. The most complete 
androgen insensitivity syndromes (with no or only a rudimentary prostate present) are caused by mutations that severely limit DNA or ligand binding ( 210,211 and 
212). Although the AR target genes required for prostate development have not been identified, AR expression is only required in the developing prostatic stroma, 
suggesting that important genes may be involved in paracrine functions.

One example of an AR-regulated gene with paracrine activity potentially important in prostate development is the fibroblast growth factor 7 (FGF7 or keratinocyte 
growth factor) (213,214). FGF7 is expressed in the developing stroma, and early prostatic epithelial cells contain receptors for FGF7 ( 215). In vitro, exogenous FGF7 
(and androgen-free media) can stimulate early prostate glandular formation, mimicking the effects of androgens ( 216). Although a good example of an AR-regulated 
gene that has paracrine activity potentially important to prostatic development, the knockout of FGF7 has a normal prostate; thus, this gene, and regulation of this 
gene by AR, are not necessary for prostate development ( 217). Other AR-regulated genes that may be important paracrine factors for stromal-epithelial interaction in 
the developing prostate include insulinlike growth factor II, basic FGF, transforming growth factor alpha (TGF-alpha), TGF-beta, and nerve growth factor ( 218).

For CaP, there is a clear example that a functional AR within the neoplastic epithelial cells is sufficient for androgen-dependent growth. An AR-positive human CaP 
cell line, PC-82, was placed into an AR-negative murine host to abrogate any potential AR-regulated stromal paracrine effects ( 219). On castration, these tumors had 
decreased proliferation and increased apoptosis ( 219). Again, although this model provides clear evidence that the AR, most likely via transcriptional regulation, 



controls the expression of genes required for cell proliferation and survival, the important genes remain unknown.

Attempting to comprehensively describe which genes are regulated by the AR in the prostate and CaP and their importance in cellular survival and growth remains a 
difficult task. In a comprehensive review of the genes known to be regulated by the prostate, one author refers to the complex group of genes as the Janus Face of 
androgen action (220). In this review, AR's regulation of CDKs (CDK1, CDK2, and CDK4), cyclins (D3 and A), PSA, FGF7, TGF-beta, vascular endothelial growth 
factor (VEGF), and maspin is advantageous to cell growth but the regulation of insulinlike growth factor binding protein 5, neutral endopeptidase 24.11, and Bcl-2 is 
disadvantageous to prostatic cell growth (220). It will take exquisite molecular experiments with precise gene knockout or knockin models before we are able to 
definitively know what the most important AR-regulated genes are for the prostate and CaP.

Androgens may also have other functions within prostate cells unrelated to the AR or transcriptional control, or both. Some steroids have very rapid actions that are 
too rapid to be explained by their traditional role in transcriptional regulation ( 221). Such potential mechanisms include cell-signaling pathways involving protein 
kinase C, phospholipase C, or induction of Ca 2+ mobilization and Ca2+ channels (222). Androgens have been found to rapidly alter cytoplasmic Ca 2+ levels of 
macrophages and lymphocytes (223,224). Using the CaP model ALVA-41, androgens have been shown to provide a proliferative stimulus in the presence of sex 
hormone–binding globulin and not in its absence ( 225). The role that nontranscriptional effects of androgens and the coordinated association with AR have in prostate 
development or CaP has yet to be explored.

OTHER NUCLEAR RECEPTORS IN PROSTATE DEVELOPMENT AND DISEASE STATES

Although the role of AR in the development of the prostate and CaP has received the most attention by investigators, it has long been recognized that other NRs play 
an important role in the biology of the prostate and CaP. Of the other NRs, members of the steroid receptor subgroup have received most of the attention. However, 
with recent discovery of the importance of previously identified orphan receptors in the metabolism and biology of epithelial cells, there are more studies addressing 
the expression and functional role of such receptors in the prostate and CaP. These studies are reviewed below.

Other Steroid Receptors

Estrogen Receptor

An NR that binds estrogens was one of the first steroid receptors identified ( 4,5). Although initially investigated as a single receptor, a second NR with homology to 
the initial ER has been identified with specific estrogen avidity, and multiple variants are now known to exist ( 226,227,228 and 229). The two major receptors are now 
identified as ER-alpha (the initial receptor cloned) and ER-beta (cloned in 1996). ER-beta was cloned from a prostate cDNA library and has resulted in renewed 
interest in the distribution of both receptors in the developing and normal prostate, and changes that are associated with BPH and CaP. Work before the identification 
of ER-beta, using antibodies and in situ probes, was most likely specifically looking at ER-alpha expression. However, ER-beta probably contributed to the 
estrogen-binding activity in early experiments and may have contributed to inconsistent findings.

Estrogen Receptors in the Developing and Normal Prostate

ER-alpha is present within the prostatic mesenchyme of newborn mice and not in the epithelium ( 230). As the mesenchyme differentiates into mature stroma, ER 
staining remains positive and much stronger than does the epithelium of the prostate ( 151,231). The relative ER expression between fibroblasts and smooth muscle 
cells of the prostate remains unclear ( 230,232). In vitro prostatic smooth muscle cells retain ER staining and proliferate with estrogenic stimulation ( 233), whereas 
prostatic fibroblasts have been found to be ER negative and unresponsive to estrogens ( 234). Whether this difference is reflective of the cell's in situ biology or an 
artifact from cell isolation and culture is unclear. With aging, and most rapidly during puberty, ER expression decreases in the stroma of the prostate ( 235).

ER-beta is expressed at low levels at the time of birth within the mesenchyme and the epithelial cells of the prostate ( 236). From day 1 of life on, there is a trend for 
decreasing stromal expression (eventually to no greater than background on in situ stains) and increasing epithelial staining ( 236). The adult prostate clearly has 
expression of ER-beta in the epithelium of the prostate and not in the smooth muscle cells or fibroblasts of the stroma ( 226). Although ER-beta expression in men is 
high in the prostatic epithelium, other tissues expressing ER-beta include the lung, kidney, adrenals, bladder, heart, hypothalamus, testes, and the epididymis 
(226,237,238,239 and 240), although there is some discrepancy between studies.

Prostatic expression of ER-alpha and ER-beta changes on androgen withdrawal. Many studies have followed ER-alpha expression within the stromal cells of the 
prostate after androgen deprivation, with mixed results. Although two studies report the ER-alpha expression to be decreased after castration ( 151,241), the majority 
appears to implicate increased ER-alpha expression after castration ( 161,231,242,243 and 244). ER expression is also increased in the prostate with exogenous 
estrogen neonatally or in the adult ( 151,245). The single paper reporting ER-beta expression after castration found decreased expression ( 236).

The functional role of ER in the development of the prostate has been explored using neonatal estrogen exposure and knockout models for both ER-alpha and 
ER-beta. Neonatal estrogen exposure causes a lasting influence on the prostate's growth and response to androgens ( 246,247 and 248). Although the mechanisms 
remain unclear, estrogen exposure delays prostatic epithelial maturation, as determined by expression of luminal proteins, AR, prostate-binding protein, and the 
development of a mature basal and luminal epithelial cell layer ( 247). Perhaps most interesting, in the adult prostates of mice exposed to neonatal estrogens, 
preneoplastic lesions have been observed ( 249,250). The mechanism for such alterations remains unclear. There is decreased AR content in the adult prostates of 
mice exposed to neonatal estrogens (251,252) and alterations in the periductal fibroblasts and extracellular matrix within treated prostates ( 253), but these 
observations have not been shown to have a causal role in the subsequent prostatic dysplasia.

ER-alpha male knockout mice have normal-appearing prostates but are infertile, owing to disruption of spermatogenesis and degeneration of the seminiferous tubules 
(254). ER-beta knockout mice, both male and female, retain fertility, with slight compromise in female mice owing to decreased ovarian efficiency ( 255). The ER-beta 
knockout male mice, while mostly without phenotype, have hyperplasia noted within the prostate and bladder ( 255). This specific phenotype in an otherwise 
normal-appearing mouse has the potential to result in further clarification of the role of ER in prostate development and adult growth. However, in more recent work, 
the finding of hyperplasia in ER-beta knockout mice was not confirmed, leaving the true role for ER-beta in the development of the prostate unclear.

Estrogen Receptors in Disease States of the Prostate

Estrogens, and ER, have been implicated in the development of BPH. Exogenous estrogens act synergistically with androgens to induce BPH in dogs but not in rats 
(256). In general, ER expression has been found to be higher in prostates with BPH as compared to normal prostates ( 256,257), although a few studies fail to detect a 
difference (258). Regionally, within the prostate, ER has been demonstrated to have slightly higher expression in the transitional zone, which is more prone to BPH 
(148). ER mRNA is specifically expressed in fibromyoadenomatous hyperplasia and myoadenomatous hyperplasia, but not adenomatous hyperplasia, continuing to 
emphasize the stromal bias in its expression (243). Although work describing ER-beta expression in BPH has not been published, the hyperplasia seen with ER-beta 
knockout mice suggests a possible preventive role for this form of ER. The functional implications of ER in BPH are unclear, and a review of the literature suggested 
that estrogens act to induce AR expression, alter the metabolism of androgens to increase the cellular levels of dihydrotestosterone, and decrease the rate of cell 
death within the prostate (256).

CaP, in agreement with the expression pattern of epithelial cells from which the cancer is derived, tends to have little or no expression of ER-alpha ( 161,174,259). 
Although some reports find CaP specimens to have estrogen-binding capacity and thus are assumed to be ER-positive, these reports have used homogenized tissue 
likely with a significant amount of ER positive stromal cells ( 258,260). When in situ hybridization is combined with immunohistochemistry, ER mRNA and protein 
staining tends to be positive in the nonmalignant stromal cells and not in the epithelial cells ( 243). With androgen deprivation during the treatment of CaP, ER 
expression was observed to increase in the stromal cells adjacent to the epithelial cancer cells, along with an associated hyperplasia of basal cells ( 243). The 
mechanism of repression for ER-alpha and ER-beta is not clear, but it may be related to promoter methylation ( 261,262), a frequent mechanism in CaP to decrease 
gene expression.

The consistent lack of ER-alpha staining in the epithelial cells of primary prostatic tumors makes the observations of ER expression in the CaP cell lines LNCaP, 
DU145, and PC3 of unclear biologic significance ( 261, 263, 264). LNCaP cells have been documented to express ER and, on stimulation with physiologic 
concentrations of estrogens, demonstrate growth stimulation ( 263), although this may be partially mediated through the mutated AR in LNCaP cells. DU145 and PC3 
cells, both effectively AR-negative, experience growth inhibition when treated with estrogens (PC3) or antiestrogens (PC3 and DU145) ( 261).



Clinically, as discussed in Chapter 40, estrogens have been used to effectively palliate symptomatic CaP in men, although cardiovascular morbidity has limited its 
current use (265). Antiestrogens such as tamoxifen (266,267) or similar compounds have had minimal activity on CaP. Recently, PC-SPES, an herbal-based therapy 
with estrogenic activity (268) has demonstrated impressive clinical activity in patients with CaP ( 269). However, it remains to be seen if the clinical activity of 
PC-SPES is mediated through the ER (alpha or beta).

Progesterone Receptor

The PR, similar to the ER, is expressed in the prostate ( 270) and has higher expression in stromal cells than epithelial cells ( 271). Similar binding activity is found 
throughout the prostate without a bias toward any specific region ( 148). PR binding within prostatic stromal cells is predominantly localized to the cytosol. This is 
unusual for steroid receptors and suggests that other progestin-binding proteins may exist within the prostate ( 272). Immunohistochemical studies have found strong 
PR staining within the nuclei of stromal cells, rather than the cytoplasm, and rare staining of epithelial nuclei ( 174). Although of unclear significance, PR expression 
does seem to be up-regulated by estrogen stimulation in the prostate ( 231,273).

PR (as detected by progesterone binding) is detected in BPH and CaP specimens ( 260,273). Compared to normal prostatic stroma, increased PR staining within the 
stromal cell nuclei of BPH samples has been observed (174). When high-grade ( 273) or metastatic (274) CaP lesions are compared with primary tumors, there is a 
tendency toward decreased PR staining. However, it is possible that this decrease represents an artifact from less positively staining, nonmalignant stromal cells and 
is not of biologic significance.

Medroxyprogesterone acetate has been used to treat men with metastatic and hormone-refractory CaP. However, the efficacy of treatments acting through the PR 
appear to be very inferior to those targeting the androgen and less effective than estrogen therapy ( 275).

Glucocorticoid Receptor

The GR is another steroid receptor expressed in the prostate. After castration, GR levels have been found to increase and may occupy similar DNA-binding sites as 
the AR (276).

In specimens of BPH and CaP, GR stains intensely in the stromal cells but had low (CaP) or intermediate (BPH) staining in epithelial cells ( 171). In the same study, 
no relationship between GR staining and Gleason score, clinical stage, or pathologic stage was found ( 171).

The GR in prostatic cell lines has been shown to induce expression of the androgen-responsive gene PSA but to have no or inhibitory growth effects. Expression of 
wild-type GR in the LNCaP tumor line (normally GR negative) has been shown to induce the activity of a transfected PSA-promoter-luciferase construct as well as the 
endogenous PSA gene (277). Although GR activation with dexamethasone increased PSA expression, no increased proliferation of LNCaP was seen ( 277). In fact, 
three different GR-expressing prostate cell lines exhibited growth inhibition on exposure to corticosteroids ( 278,279 and 280). In the AR-negative, rat PA-111 prostate 
carcinoma cell line, GR stimulation results in decreased proliferation ( 281). This decreased proliferation may be due to reduced protein kinase C cellular 
concentrations, coupled with sphinganine antagonism of protein kinase C activation ( 280). GR stimulation also results in decreased proliferation of 
androgen-independent PC3 cells, possibly through up-regulating TGF-beta ( 279). Thus, it appears that GR can bind to and initiate transcription for genes that are 
responsive also to AR (e.g., PSA), but a difference exists in that GR is unable to stimulate increased proliferation.

Clinically, high doses of corticosteroids palliate symptoms from CaP and have been incorporated into palliative regimens, including chemotherapy ( 282,283). 
However, whether steroids work directly on CaP through the GR or through GR-mediated effects on the expression of local growth factors remains unclear ( 284).

Nonsteroid Nuclear Receptors

Vitamin D Receptor

VDRs are expressed by epithelial and stromal cells of the prostate and CaP cells ( 285,286 and 287). Interest in the functional role of vitamin D metabolism and VDRs 
stems from epidemiologic studies that suggest a link between CaP and calcium metabolism, vitamin D levels, and genetic polymorphisms within the VDR 
(288,289,290,291,292,293,294,295,296,297,298,299,300,301 and 302). Although inconsistent, these studies suggest that vitamin D and its metabolites may have a 
protective effect against CaP.

Primary cultures of prostatic epithelial cells and stromal cells expressed VDR and were growth inhibited by vitamin D metabolites ( 285). With antibodies directed 
against the VDR, receptors were found within the nuclei of prostatic epithelial cells as well as a few stromal cells ( 303).

In CaP cell lines, activation of the VDR has been shown to induce the transcription of PSA and prostate-specific acid phosphatase, which suggests that this receptor 
may play a role in differentiation ( 304,305). Along with a more differentiated phenotype, in vitro CaP cell lines tend to be growth arrested by VDR activation 
(287,306,307). LNCaP and Alva-31 cell lines express relatively high levels of VDR and are sensitive to growth inhibition by vitamin D metabolites, whereas the 
insensitive cell lines of PC3 and DU145 have low levels of VDR expression ( 308).

Although not well described, growth regulation by VDR is thought to involve such mechanisms as decreased retinoblastoma protein phosphorylation, repressed E2F 
transcriptional activity, increased levels of the CDK inhibitor p21 (WAF1, CIP-1), and decreased CDK2 activity ( 287,306). Another potential mechanism for 
VDR-mediated inhibition of CaP cell growth is through up-regulation of AR ( 309,310).

These observations suggest that there may be a role for agents that bind to and activate VDR in chemoprevention or treatment of CaP, although this remains 
untested.

Retinoic Acid Receptor

RAR is another NR expressed and functioning within the prostate. Both RAR-beta and RAR-gamma are expressed in the day 0 prostate of rats and treatment with 
13-cis-retinoic acid and all- trans-retinoic acid during prostatic development inhibited epithelial budding ( 311). RAR-alpha, RAR-beta, and RAR-gamma are all 
expressed in the adult prostate and in prostate tumors ( 312).

In general, exposure to different forms of retinoic acid inhibits in vitro growth of CaP cell lines (313,314,315 and 316). In LNCaP cells, exposure to 13-cis-retinoic acid 
decreased expression of PSA, decreased growth and soft agar colony formation, and resulted in smaller xenographic tumors ( 313). Other studies have not found 
significant effects on PSA expression (317), but there is a general agreement that growth inhibition occurs. A specific example is the expression of RAR-beta in PC3 
cells (normally RAR-beta negative), resulting in growth inhibition on exposure to ligands for RAR-beta ( 318).

It is unclear the mechanisms by which RARs exert their growth arrest in CaP, but one mechanism, similar to VDR, is possibly through regulation of the AR 
(310,319,320). It is also becoming clearer that the three subtypes of RAR (alpha, beta, and gamma), as well as the three subtypes of RXR (alpha, beta, and gamma), 
may have distinct roles, as evidenced by the diverse responses to different specific ligands ( 315,318,321,322).

A phase II study looking at the response of hormone-refractory CaP patients to all- trans-retinoic acid failed to demonstrate any antitumor, although the negative 
finding may have been contributed to by inadequate tissue levels of the agent ( 323). However, with the growing knowledge that synthetic retinoids can target specific 
subtypes of RAR and RXR, there remains the possibility that a potent, antitumor retinoid exists and can play a role in the treatment of CaP.

Peroxisome Proliferator–Activated Gamma Receptors

The PPARs were identified after the observation that transcriptional control of genes involved in fatty acid metabolism was induced by agents that increased the size 
and number of hepatic peroxisomes (324,325). Three PPAR subtypes exist, PPAR-alpha, PPAR-gamma, and PPAR-delta. Specific ligands for PPAR-alpha and 
PPAR-gamma have been shown to have cytostatic and prodifferentiating activities, respectively ( 326,327 and 328). PPAR-gamma selective agents have resulted in 



increased differentiation of lipoblasts in tumors of patients with liposarcoma ( 329,330).

The prostate epithelium expresses relatively low levels of PPAR-gamma, whereas the PC3 cell line has higher levels of expression ( 331). Exposure of PC3 cells to a 
PPAR-gamma selective agent, troglitazone, reduced growth in immunodeficient mice and perhaps resulted in a more differentiated phenotype of cells grown in culture 
(331). The cell line DU145 is similarly growth inhibited when exposed to PPAR-gamma ligands ( 332). These initial findings have translated into some observed clinical 
activity of troglitazone in metastatic CaP where an unexpectedly high percentage of patients had stabilization of their serum PSA levels ( 332). Although troglitazone 
has been removed from the market owing to concerns with hepatotoxicity, other PPAR-gamma ligands are available and under investigation.

Other Nuclear Receptors

There are many other NRs, the roles of which, in the prostate and CaP, have yet to be explored. In the developing prostate, mRNA for the COUP-TF has been found 
to be present (333). Another example of orphan receptors pulled from prostatic cDNA libraries includes the subfamily including TR2 ( 334), TR3, and TR4 (335). 
Although the role of these receptors in the prostate remains unknown, there have been two published reports exploring possible functions. The orphan receptor TR3 
has been found to be up-regulated by androgens in LNCaP and may be involved in drug metabolism ( 336). When a chimeric receptor is made between TR3 and AR, 
there is evidence of constitutive activity, although the significance of this observation remains unclear ( 337).

As more NRs are identified and the reagents created to rapidly assay for their expression, undoubtedly the profile of NRs within the prostate and CaP will become 
more complex. The profound clinical effect of the AR in the development of the prostate and CaP suggests that other NRs may provide avenues for profound clinical 
interventions.

CONCLUSIONS AND THE FUTURE

NRs represent a superfamily of transcription factors with major importance in the development of the prostate and CaP. The AR remains the most important target for 
CaP therapy and the only receptor whose inhibition has been demonstrated to prolong the life of men diagnosed with metastatic disease ( 339,340). However, most 
men will eventually have tumors that progress to androgen independence, and men with androgen-independent CaP generally succumb to their disease within a year. 
Our growing understanding of the cellular biology involved in AR-mediated transcription, the identification and characterization of co-regulatory proteins, and the 
coexpression of other members of the NR superfamily in CaP collectively create increased opportunities to design rational treatments and improve the survival of men 
with metastatic disease.

Although it is clear that the major function of NRs is mediated through transcriptional regulation, it remains a major challenge to identify those genes whose regulation 
by NRs is critical to observed cellular phenotype. Even in tumors that are refractory to hormonal therapy, there is evidence that AR-mediated transcriptional activation 
continues. The sequencing of the human genome and growing expertise in global expression analysis will aid in the identification and characterization of the most 
important regulated genes. These downstream genes offer great potential for further development of targeted therapies in CaP.

The discovery of the complex cascade of proteins that interact with NRs, from translation to ligand binding and to eventual transcriptional activation, is also an area 
with incredible opportunity. As the implications of each protein's interaction with the AR and other NRs important in CaP are better characterized, the interactions most 
important for receptor function can be targeted for disruption.

ER (alpha and beta), PR, GR, and many of the nonsteroid NRs that are expressed in prostatic tissue and therapies targeting these receptors have also demonstrated 
some activity in CaP. The discovery of ER-beta has opened up the possibility that preferentially stimulating one variant of a receptor over another may offer biologic 
and clinical opportunities. The initial clinical effectiveness of PC-SPES, representing a complex pharmacologic mix containing some estrogenic compound(s), 
suggests that combinatorial approaches to NR stimulation or inhibition, or both, may prove to be more effective than therapies targeting any single receptor.

Over the next decade, the NRs most important to the prostate and CaP will be better characterized, the proteins associated with these receptors as chaperones or 
co-regulators will be identified and described, and the genes whose regulation is critical to the effects of receptor activation will be determined. It is very possible that 
these fundamental discoveries will rapidly improve therapy for CaP so that there will be a dramatic decrease in the number of men dying of this disease.
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INTRODUCTION

Recently, there has been a shift from the empiric development of therapeutic agents to the development of small molecule inhibitors of specific cellular proteins or 
“targets.” This new approach is predicated on the notion that the certain molecular alterations found in cancer cells will render these cells exquisitely sensitive (more 
so than normal cells) to treatment with drugs designed to exploit these molecular changes. One rate-limiting step, to what is hopefully the ultimate success of this 
strategy, is to define each cancer on the basis of the accumulated genetic and molecular changes. This information, coupled with a functional understanding of the 
consequence of such changes, is required to select appropriate drug targets.

Progress in obtaining a molecular or genetic definition of prostate cancer has been hampered by the heterogeneity of prostate tumors, by the difficulty in obtaining 
high-quality clinical samples, and by the paucity of mutations in common oncogenes and tumor suppressors examined to date. The sequencing of the human genome, 
the application of genome-wide analytical approaches to the classification of prostate tumors, the development of tissue microarrays, the use of laser capture 
microdissection, and other developing technologies promise to allow us to overcome these barriers and to dramatically expand the existing prostate somatic-genetic 
database.

Here, it is important to realize that, like leukemia, prostate cancer seems to represent a diverse set of tumor types. It is likely that specific subtypes of prostate cancer, 
as yet undefined, will have a characteristic set of genetic lesions. For example, leukemias can often be subtyped based on the presence of specific chromosomal 
translocations. In this view, it may be unreasonable to expect that mutations in specific genes will be present in all or even a majority of prostate tumors. Rather, we 
will need to understand each prostate cancer subtype and how specific molecular defects influence prognosis with respect to the requirement for local therapy, with 
respect to the progression to hormone-insensitive disease, and with respect to the tailoring of novel therapeutic interventions toward specific subsets. This latter 
concept is best illustrated by the expanding, targeted molecular-based pharmacopoeia, which includes tamoxifen [estrogen receptor (ER) alpha]; trastuzumab 
[Herceptin (Her2/neu)]; all- trans-retinoic acid (retinoic acid receptor–APML fusion); the STI571 kinase inhibitor (BCR-ABL fusion); and, most notably, in prostate 
cancer, flutamide and casodex (androgen receptor). In each case, except for the androgen receptor, the presence of a particular molecular lesion is associated with 
the response to a specific drug. Thus, the molecular marker becomes a “predictive factor”—that is, a factor that guides and is predictive of response to particular 
therapies.

Another corollary of this viewpoint is that there may not be a single pathway of progression that applies to all prostate tumors. Furthermore, in our opinion, there is 
insufficient data in the published literature to accurately describe a sequence of events likely to be ascribed to the initiation and progression of prostate cancer. On 
the other hand, the function of the protein products of many oncogenes and tumor suppressor genes is now understood in great detail. More importantly, such 
proteins typically function within specific pathways regulating cell survival, cell proliferation, cell motility and adhesion, and genetic stability. Therefore, in trying to put 
genetic lesions into context, especially with a view toward the selection of drug targets, it seems reasonable to discuss genetic lesions within a given gene in the 
larger context of the pathway altered by such lesions. Based on these considerations, and in a departure from many previous discussions of this subject, in this 
chapter, the somatic-genetic alterations found in prostate cancer are presented in a pathway-specific organization. For each section, a brief description of the pathway 
is followed by a summary of the genetic lesions found in each pathway in prostate cancer. This pathway view of somatic genetics is an appropriate format for 
understanding how a tumor can achieve the same biologic end point through different genetic alterations, and for understanding how therapeutic interventions 
directed at specific pathways might, or might not, be efficacious in the setting of specific mutations.

ALTERATIONS IN SIGNALING PATHWAYS IN PROSTATE CANCER

To begin, we explore the alterations found in the major growth regulatory pathways, implicated in common epithelial cancers: the epidermal growth factor receptor 
(EGFR)–mitogen-activated protein kinase cascade, the insulinlike growth factor (IGF)–phosphoinositide 3-kinase (PI3K) pathway, the transforming growth factor beta 
(TGF-beta) cascade, and the Wnt/b-catenin pathway. In each of these pathways, extracellular soluble ligands bind to transmembrane receptors and trigger a 
signaling cascade that ultimately results, at least in part, in changes in nuclear transcription factor activity. There can be many cross-pathway connections in which 
one pathway can influence or activate another. However, for the sake of simplicity, these complexities largely are ignored.

Epidermal Growth Factor Receptor and Her2-Ras–Mitogen-Activated Protein Kinase Pathways

The Pathway

Work from numerous laboratories focused on signal transduction in normal and malignant cells has established the central importance of a signaling pathway 
connecting the receptor tyrosine kinases on the cell surface to the Ras G protein and its downstream effector kinases Raf, MEK, and Erk. Briefly, when a receptor 
tyrosine kinase such as EGFR or Her2/neu is activated by ligand, the cytoplasmic domain is capable of recruiting a complex of proteins that ultimately leads to the 
generation of activated Ras. Ras proteins are small enzymes that hydrolyze guanine nucleotide triphosphate (GTPases) and act as signaling intermediaries that 
couple the activation of the growth factor receptors to downstream signals. Specifically, when Ras is bound to GTP it is “on,” and this form of Ras, in turn, activates a 
cascade of kinases from Raf to MEK to MAPK (the so-called Map kinase pathway). Ras then hydrolyzes the GTP back to guanine nucleotide diphosphate, and the 
signal is turned off (Fig. 4-1).



FIGURE 4-1. The Her2/neu and epidermal growth factor receptor (EGFR) signaling pathway. Secreted ligands such as EGF or heregulin bind to and activate their 
respective transmembrane receptors (EGFR) and Her2/neu. Activation of the receptor triggers the conversion of Ras from the inactive guanosine nucleotide 
diphosphate (GDP)–bound state to the active guanine nucleotide triphosphate (GTP)–bound state. In the active state, Ras triggers the activation of the 
mitogen-activated protein (MAP) kinase cascade, inducing Raf activation, which in turn activates MEK and then Erk kinases. Note: Recent studies indicate that 
Her2/neu functions primarily as a co-receptor and binds ligand only in the context of heterodimer formation with another kinase family member, such as Her1 or Her3.

Abnormalities in this pathway are present in multiple cancer types and can occur at multiple levels in the pathway, from the receptor, to Ras itself, to downstream 
effector molecules. For example, activation can occur through amplification of the genes encoding the receptors or through oncogenic point mutations in Ras proteins. 
Such mutations render Ras constitutively active by keeping it in the GTP-bound state. Most research using clinical prostate cancer material has focused on identifying 
mutations in the receptor tyrosine kinases, or in the Ras protein; therefore, we review only these members of the pathway. It is formally possible, however, that 
mutation at any point in the pathway can lead to constitutive activation of Ras signaling.

Epidermal Growth Factor Receptor and Her2 Receptor Tyrosine Kinases

Her2/neu, a member of the EGF family of receptor tyrosine kinases, is best known for its role in breast cancer. Her2/neu is amplified, and overexpressed, in 20% to 
30% of human breast and ovarian cancers, and patients whose breast tumors express high levels of Her2/neu protein have a poorer prognosis ( 1,2). In rodent 
fibroblast cells, Her2/neu functions as a classic receptor tyrosine kinase oncogene ( 3,4), and in murine transgenic models, mammary-specific overexpression of 
Her2/neu is sufficient to induce breast cancer ( 5,6). At the biochemical level, Her2/neu appears to function primarily by activating the Ras and MAP kinase pathways 
(7,8).

A number of groups have examined Her2/neu expression in prostate cancer and have reported conflicting results about the frequency of overexpression. Her2/neu is 
clearly normally expressed in prostate epithelial cells, particularly in the basal cell compartment ( 9,10). The putative ligand (neu differentiation factor or heregulin) is 
expressed in the stroma of the normal prostate gland (11) and is thought to play a role in the differentiation of secretory epithelial cells. Unlike breast cancer, most 
studies report that Her2 gene amplification does not occur in prostate cancer ( 12,13,14 and 15), although there are some exceptions (16,17). Rather, it appears that 
Her2 protein is overexpressed in the absence of gene amplification in a fraction of early-stage prostate cancers. The protein levels tend to be lower than those found 
in Her2 amplified, Herceptin-responsive (also called 3+ Her2-positive) breast cancers. Recently, three groups have performed studies of metastatic and 
androgen-independent prostate cancers and have found that up to two-thirds of cases express elevated levels of Her2 protein ( 18) (R. Cote, C. Cardon-Cardo, 
personal communication, 2000). These results are consistent with the notion that Her2/neu protein levels increase as prostate cancers progress to advanced 
hormone-refractory states, but the mechanism for this increase is clearly distinct from the genomic alteration mechanism found in breast cancers and remains to be 
elucidated.

A growing body of literature suggests that activation of the EGFR/Her2-signaling pathway can also occur through aberrant expression of other receptors in the family, 
such as EGFR, and through overproduction of the ligands that activate the receptors ( 19,20). For example, TGF-alpha ligand and EGFR are frequently coexpressed in 
androgen-independent prostate cancers, raising the possibility of an autocrine loop causing pathway activation ( 20). Most compelling, however, is a recent report 
showing expression of a variant EGFRvIII receptor in a large fraction of advanced prostate cancers ( 19). EGFRvIII is a mutant allele, originally described in human 
gliomas, that lacks much of the extracellular domain (due to deletion of exons 2 to 7) and, as a result, has ligand-independent activity ( 21,22 and 23).

What advantage do prostate cancer cells gain from activation of the EGFR/Her2-Ras–MAP kinase pathway? One exciting possibility is based on experimental 
evidence demonstrating cross-talk between Her2/neu and androgen receptor (AR) signaling. Overexpression of Her2/neu in xenograft models is sufficient to activate 
the AR in the absence of ligand and superactivate the AR in the presence of low levels of androgen, as might be seen in men treated by medical castration with 
luteinizing hormone–releasing hormone agonists. Therefore, activation of the EGFR/Her2-Ras–MAP kinase pathway could rescue prostate cancer cells from the 
growth arrest imposed by hormone ablation therapy. Compelling evidence for this hypothesis comes from the demonstration that overexpression of Her2/neu is 
sufficient to convert androgen-dependent cells to androgen-independent growth ( 24). The mechanism for cross-talk between Her2 and AR remains to be defined, but 
recent work in the estrogen receptor field indicates that hormone receptors and their coactivators, such as SRC-1 or AIB-1, are targets of regulatory phosphorylation 
by serine and threonine kinases, such as Erk, which function downstream of Her2/neu and EGFR ( 25,26,27 and 28). Indeed, constitutive Erk activation in clinical 
androgen-independent prostate cancers has been reported by one group who compared signaling pathway activation in patient specimens obtained at the time of 
diagnosis versus progression to the hormone refractory phase ( 29).

Observations of EGFR/Her2 pathway abnormalities in prostate cancer raise the possibility that novel agents directed against this pathway may have utility in prostate 
cancer. Recent success in developing monoclonal antibodies or small molecule inhibitors targeted against EGFR or HER2/neu has already led to a series of newly 
initiated clinical trials that will test this concept in patients. One prediction from the AR cross-talk studies is that EGFR/Her2 pathway inhibition may convert 
androgen-independent prostate cancer back to a hormone-sensitive state.

Ras Mutations in Prostate Cancer

The H-ras of the ras family of genes was the first described human oncogene ( 30), and the introduction of Ras into a number of rodent cells results in cellular 
transformation (31,32). Three genes are included in this family, K-, N-, and H-ras. As mentioned earlier, Ras proteins are activated by oncogenic point mutations. 
Typically, these mutations are found in codons 12, 13, and 61. These mutations are common in a number of cancers, including those of the lung, pancreas, and colon. 
Rare activating mutations of ras in prostate cancer were first described in 1987 ( 33), and as detailed in Table 4-1, Ras mutations have been examined in primary 
prostate tumors by a number of groups. Here, results obtained by multiple investigators are quite consistent and demonstrate infrequent detection (0% to 5%) of ras 
mutations in primary prostate cancer samples isolated from American men. On the other hand, the rate of Ras mutations is significantly higher in prostate cancer 
samples isolated from Japanese men (13% to 27%). These data indicate that there may be a considerable difference in both the etiology and progression of tumors 
from different ethnic backgrounds. In addition, there might be a considerable difference in remaining genetic lesions detectable in tumors from American versus 
Japanese men.



TABLE 4-1. RAS MUTATIONS

Insulinlike Growth Factor, Phosphoinositide 3-Kinase, and Phosphatase and Tensin Homologue Pathway

The Pathway

This signaling pathway begins with the binding of IGF-I to the IGF-I receptor (IGF-IR) ( Fig. 4-2). Ligand binding results in receptor activation and recruitment of the 
PI3K complex to the plasma membrane. Next, PI3K phosphorylates a specific type of lipid found in the plasma membrane, generating a lipid product known as 
phosphoinositide-3,4,5-trisphosphate or, for short, PI-3,4,5-P3 [reviewed in (34)]. This lipid, normally absent in quiescent cells, is induced on growth factor stimulation. 
When present, this lipid serves to recruit and activate a second kinase, known as Akt. There are three Akt kinases (Akt-1, -2, and -3). Akt, in turn, phosphorylates a 
number of downstream targets, and in so doing is sufficient to block apoptosis and can promote cell proliferation [reviewed in ( 35)]. In addition, activation of this 
pathway has been linked to regulation of cell adhesion and cell motility.

FIGURE 4-2. The insulinlike growth factor (IGF), phosphoinsotide-3 kinase, and PTEN pathway. Secreted ligands such as IGF-1 bind to and activate their 
transmembrane receptors (IGF-R). Receptor activation results in the recruitment of phosphoinositide 3-kinase (PI3K) to the receptor. Here, PI3K can phosphorylate 
membrane lipids that serve to recruit and activate kinases such as Akt. Akt activation results in the phosphorylation of a number of downstream target substrates. 
These substrates are typically, though not always, inactivated by Akt phosphorylation. Substrates of Akt are involved in the regulation of both cell proliferation and cell 
death.

The protein product of the PTEN tumor suppressor gene (designated as PTEN hereafter) is an enzyme that can remove phosphate moieties from other 
macromolecules (a phosphatase). PTEN is unique in that it specifically dephosphorylates the phosphorylated lipids (PI-3,4,5-P3) produced by PI3K ( 36) and dampens 
or blocks activation of this pathway (37,38,39,40,41,42 and 43). Tumor cells lacking PTEN protein contain elevated levels of the lipid PI-3,4,5-P3 and consequently 
have constitutively activated Akt and constitutive phosphorylation of downstream Akt targets ( 37,41,42,43,44 and 45). In this manner, loss of PTEN leads to increased 
proliferation and decreased apoptosis.

Insulinlike Growth Factor I Plasma Levels Are Associated with an Increased Risk of Prostate Cancer

A number of studies have shown that increasing levels of plasma IGF-I are associated with the diagnosis of prostate cancer. For example, in case-control studies, 
increased IGF-I levels were found to be associated with an increased risk of having prostate cancer ( 46,47). Furthermore, in the prospective Physicians' Health Study, 
IGF-I was also a strong risk factor for the development of prostate cancer. Here, men in the highest quartile of plasma IGF-I levels (drawn on entry into the study) 
were found to have a relative risk of prostate cancer of 4.3 when compared to men in the lowest quartile. Furthermore, in this study, there was a linear relationship 
with increasing IGF-I levels and prostate cancer risk ( 48). In addition, such men have an elevated risk of death from prostate cancer, suggesting that IGF-I specifically 
contributes to the development of lethal tumors (E. Giovannucci, personal communication, 2000). Recent data have demonstrated an association between IGF-I 
plasma levels and the development of breast cancer in premenopausal women and of colorectal carcinoma in women [reviewed in ( 49)].

In keeping with the idea that IGF-I contributes to the development of cancer, transgenic mice that express IGF-I in prostate epithelial cells are prone to develop 
prostate cancer (50). To date, there have been no reported genetic lesions in prostate tumors that would result in elevated tumor secretion by IGF-I, nor has 
amplification of the gene been reported.

Insulinlike Growth Factor I Receptor and Prostate Cancer

As elevated levels of IGF-I increase prostate cancer risk, it would be reasonable to think that overexpression, or constitutive activation, of the IGF-I receptor could 
contribute to tumor induction or progression. To date, however, there is little evidence for direct overexpression, or amplification, of the IGF-IR receptor in prostate 
cancers. Rather, it would appear that as tumors progress, the level of the IGF-IR receptor declines ( 51). How can we reconcile the seemingly paradoxical results that 
higher levels of plasma IGF-I, but lower levels of IGF-IR, are found in association with prostate cancer? First, down-regulation of IGF-IR could occur as a result of 
excessive stimulation of the receptor. Specifically, receptor activation results in internalization of the receptor, and thus overactivation in fact might result in lower 
IGF-IR protein levels. Second, there is emerging data that the signaling “dose” that is required for tumor progression might be quite narrow and that overstimulation 
could, in fact, trigger cell death rather than proliferation ( 52) (T. Roberts, personal communication, 2000). There is, in fact, experimental evidence supporting this 
duality. For example, in murine fibroblasts, transformation by simian virus (SV)40 large-T antigen requires an intact IGF-I receptor ( 53). Conversely, human prostate 
epithelial cells transformed by SV40 large-T antigen, down-regulate IGF-R and undergo apoptosis when IGF-R is reexpressed in these cells ( 54,55 and 56). As 
described earlier, the protein product of the PTEN tumor suppressor gene is a negative regulator of PI3K signaling. Thus, it is possible, once a tumor has lost PTEN 
and as a result acquires constitutive activation of PI3K signaling, that IGF-R receptor activation is not required, or indeed might induce cell death. Therefore, an 
important area of future investigation will be to determine the state of the IGF-R receptor (activated or not) in PTEN-plus and PTEN-null tumors, and in early versus 
late tumors.

PTEN Loss in Prostate Cancer

The PTEN tumor suppressor gene, also known as MMAC1 or TEP1, localizes to the 10q23 chromosomal band (57,58 and 59). Germline mutations of PTEN give rise 
to a hereditary cancer predisposition syndrome, known as Cowden disease, in which affected individuals are predisposed to develop breast and thyroid cancers 
(60,61). The 10q23 region is often altered in primary prostate cancer and, more frequently, in metastatic prostate tumors. In these settings, between 20% and 60% of 
tumors exhibit loss of heterozygosity (LOH) in this region ( 62,63,64,65,66,67 and 68). Intragenic markers have demonstrated that PTEN is contained within the region 
most commonly targeted for loss, although there is occasional loss of 10q that excludes PTEN. Mutations and inactivation of the second allele of PTEN have been 
demonstrated in xenografts and in prostate tumor tissue (Table 4-2). In keeping with the results of LOH analysis at 10q23, PTEN deletion or mutation is also more 
frequent in higher-grade tumors and in metastatic foci ( 64,69). Study of the PTEN protein by immunohistochemistry (IHC) has revealed that 20% of primary tumors 
have lost PTEN protein staining. In keeping with the mutation data, loss of PTEN staining is associated with higher-grade and higher-stage tumors ( 70). Thus, loss of 
PTEN appears to be associated with the development of particularly aggressive tumors.



TABLE 4-2. PTEN ALTERATIONS

It is of interest to note that the rate of LOH at 10q23 in prostate cancer samples is considerably higher than the frequency at which one can convincingly demonstrate 
inactivation of the retained PTEN allele. This is similar to, although not as profound as, the data in breast cancer where 10q23 LOH is found in 40% of invasive 
tumors, whereas mutation of the second PTEN allele is rarely seen (2% to 3%) ( 71,72 and 73). Lack of somatic PTEN mutation is particularly puzzling, as germline 
mutation of PTEN is associated with an inherited predisposition to breast cancer (Cowden disease), and PTEN+/– mice develop breast cancer ( 74). The “two-hit” 
model for tumor suppressor genes argues that tumor suppressor genes are typically inactivated at two loci and, experimentally, this appears to often equate with 
mutations of both copies of the same gene (75). How then can we explain the discordance between the rate of LOH and the rate of PTEN mutations in prostate and 
breast cancers, as well as in other tumors? First, it is likely that the rate of detection of inactivating mutations understates the actual rate. In other words, methods for 
mutation detection are insensitive. Lack of sensitivity can arise as a result of studies that restrict the analysis to point mutations, or look at only a few of the coding 
exons, and do not search for deletions or mutations that affect splicing or promoter function. A second possibility is that there might be another tumor suppressor gene 
in this locus. Indeed Mxi-1 (see below) maps telomeric to PTEN at 10q24. In addition, the PTEN protein can be down-regulated in the absence of known DNA 
mutation, suggesting the possibility of epigenetic regulation of PTEN ( 76,77 and 78). Finally, the two-hit model does not preclude the possibility that two hits can occur 
at separate genes. More specifically, haploinsufficiency at more than one locus might contribute to tumor formation or progression. In addition, with respect to PTEN, 
there is evidence to suggest that loss of one allele of PTEN is, by itself, pathologic and could contribute to tumor progression. For example, in murine fibroblasts 
genetically engineered to contain either two, one, or no copies of the PTEN gene, there is a gene-dosage effect with respect to activation of the downstream kinase 
Akt (38). Similarly, PTEN heterozygous mice develop a diffuse hyperplasia of the prostate, and eventually go on to develop prostate cancers ( 79). Of note, prostate 
cancer increases significantly when these mice are crossed to p27 heterozygous mice (P. Pandolfi, personal communication, 2000).

Other Mechanisms for Activation of the Phosphoinositide 3-Kinase Pathway in Cancer

There are a number of alternate mechanisms for activating the IGF/PI3K pathway (Fig. 4-2). PI3K is both the product of an avian retroviral oncogene and is a target of 
amplification in ovarian and cervical cancer ( 80,81,82 and 83). Likewise, an oncogenic form of the regulatory subunit p85 has been identified in transformed cells ( 84). 
Moreover, constitutive PI3K expression leads to the transformation of rodent cells ( 52) (T. Roberts, personal communication, 2000). Like PI3K, Akt-1 is found as a 
retroviral oncogene, and Akt-2 is the target of gene amplification in ovarian, breast, pancreatic, and gastric cancer ( 85,86,87,88,89,90,91 and 92). Thus, in the absence 
of PTEN mutations, amplification of these genes might serve as an alternative pathway activation mechanism. To date, however, such amplifications have not been 
described in prostate cancer.

Transforming Growth Factor Beta Pathway in Prostate Cancer

The Pathway

The TGF-beta superfamily is a large related group of secreted polypeptides that includes TGF-beta, bone morphogen proteins, and activin. These proteins regulate 
diverse processes including embryogenesis, bone development, and the regulation of epithelial cell proliferation. The signaling cascade begins at the cell surface, 
where TGF-beta ligand binding acts to bring together two receptors, the type I and II TGF-beta receptors [reviewed in ( 93)]. The type II receptor activates the type I 
receptor, which in turn phosphorylates and activates a group of transcription factors known as Smads. Simplistically, this phosphorylation event allows translocation of 
Smad proteins to the nucleus, where they induce the transcription of target genes. Signaling by TGF-beta itself is complex, and the phenotypic output of the pathway 
can be cell-type dependent; however, loss of the antiproliferative effects of TGF-beta is a common finding in certain common epithelial malignancies.

Alterations in Prostate Cancer

The role for TGF-beta pathway mutations in cancer is best documented in colon and pancreatic cancers. In colon cancer, mutations in the mismatch repair proteins 
MLH1 and MLH2 are associated with the development of a form of genetic instability characterized by defects in DNA mismatch repair. As a consequence of this 
mismatch repair defect, the TGF-beta II receptor is targeted for inactivating mutations ( 94). Downstream of TGF-beta, mutations or deletions in the Smad proteins 
occur at high frequency in both colon and pancreatic cancer ( 95,96 and 97).

In experimental systems, induced disruption of TGF-beta signaling can induce hallmarks of transformation ( 98). In LNCaP cells harboring a deletion of the TGF-beta-1 
gene, restoration of signaling suppresses tumorigenesis ( 99,100). Despite the biology that links TGF-beta signaling to the regulation of the growth of prostate 
epithelial cells, definitive evidence for a role for inactivation of this pathway in prostate tumors is lacking. In some studies, the TGF-beta type I or II receptors appear 
to be lost or down-regulated in prostate cancer, when measured by IHC, and such loss may be correlated with poorer outcome ( 101,102). On the other hand, in some 
studies, TGF-beta levels measured again by IHC were higher in prostate cancer ( 103,104 and 105). At the genetic level, deletion or mutations of the TGF-I or -II 
receptors have not been reported, and mutations in Smad2 were not found in the only published report ( 106). Thus, whether the alterations in the protein levels 
represent phenomena linked casually to the progression of prostate cancer, as opposed to merely associated with the progression of prostate cancer, remains 
unclear. Further work is clearly needed in this area.

Wnt Signaling Pathways in Prostate Cancer

The Pathway

The first Wnt family member was discovered as a protooncogene (int-1) in virally induced murine mammary epithelial cell tumors ( 107). The Wnt proteins, like the 
TGF-beta proteins, now encompass a large family of secreted polypeptides (Wnts), which signal through the adenomatous polyposis coli (APC)/b-catenin pathway 
[reviewed in (108,109)]. In the absence of a Wnt signal, b-catenin is found in the cytoplasm, where it is constantly targeted for degradation by the action of a protein 
complex consisting of APC, axin, and the glycogen synthetase kinase (GSK)-3b. In response to Wnt, signaling the degradation function of the APC/axin/GSK-3b 
complex is turned off, resulting in the stabilization and accumulation of b-catenin. Under these conditions, b-catenin translocates to the nucleus, where it forms a 
complex with a set of transcription factors known as lymphoid enhancer factor-1/T-cell transcription factor-1  (LEF/TCF). This trimeric complex binds to DNA and 
activates gene transcription.

Inappropriate activation of this pathway is linked to cellular transformation. In the colonic mucosa, it is thought that the LEF/TCF transcription complex may be 
required for maintenance of a crypt proliferating cell compartment. Transcriptional target genes of LEF/TCF include those that regulate proliferation, such as Myc and 
cyclin D1. In this view, inappropriate activation of the pathway would result in the expansion of this population of cells and the formation of a polyp. Tumors can 
activate the Wnt pathway through deletion or mutation of APC (which occurs in 85% of hereditary and sporadic colon cancer), through activating mutations in 
b-catenin (which occurs in 15% of colorectal tumors), and through overexpression of Wnt ligands [reviewed in ( 109)].

Alteration in Prostate Cancer

In prostate cancer, there are limited published data pertaining to the incidence of mutations in this pathway. Overexpression of the Wnt-5A messenger RNA (mRNA), 
a member of the Wnt ligand family, was found in one set of prostate tumors ( 110). LOH was found in the APC locus in 15% of prostate tumors (111), or in three of 



seven informative tumors (112). In studies of tumors from Japanese men, APC gene mutation was found in none of 18 tumors and 1 of 36 tumors (113,114). Finally, 
activating b-catenin mutations in exon 3 were found in 5 of 104 tumors ( 115). It is of interest to note that APC gene mutations give rise to very early premalignant 
lesions in the intestinal tract, and to date, the detection of reproducible genetic lesions in the earliest stages of prostate cancer (prostatic intraepithelial neoplasia) are 
rare. Further study of this pathway, particularly in the setting of prostatic intraepithelial neoplasia, appears warranted.

Sonic Hedgehog Pathway

The Pathway

The role of hedgehog signaling in pattern formation in the developing embryo has been studied extensively. However, recent data suggest that deregulation of this 
pathway can play a role in the genesis of both basal cell carcinoma and medulloblastoma [reviewed in ( 116)]. Hedgehog family members are secreted factors that 
bind to a cell surface transmembrane receptor complex of two proteins: Smoothened, which transmits the signal, and Patched (PTCH), which antagonizes signaling. 
As is in many signaling pathways, activation of the receptor leads to the activation of a family of transcription factors, in this case known as Gli. This family of 
transcription factors is opposed by the repressor activities of the so-called suppressor of fused [Su(fu)] proteins. There are three hedgehog proteins in mammalian 
cells, and there is an absolute requirement for one of these genes: sonic hedgehog (Shh) in prostate development in mice ( 117), suggesting that this pathway is 
active in prostate cells particularly during development. These data raise the possibility that reactivation of this pathway in adult prostate epithelial cells could 
contribute to the development and progression of prostate cancer.

Alterations in Prostate Cancer

Mutation of PTCH, the receptor for Shh, gives rise to medulloblastoma in mice. Interestingly, mutation, or loss of the second allele, is not seen, suggesting that 
haploinsufficiency is oncogenic ( 118). In keeping with these data, inactivating mutations in PTCH are found in 10% of human medulloblastomas ( 119,120). In addition, 
germline mutation of PTCH in humans is associated with the development of a basal cell cancer syndrome known as Gorlin's syndrome, and sporadic basal cell 
carcinomas have activating mutations in both the Smoothened receptor and in the PTCH gene ( 121). In keeping with these data, transgenic expression of the ligand 
Shh gives rise to basal cell carcinomas ( 122,123). Because data implicating this pathway in cancer are relatively recent, it is too early to know if alterations occur in 
prostate cancer. To date, there are no such reports in the prostate cancer literature. Of note, the human Su(fu) [huSu(fu)] gene product, a repressor of Gli activity, 
maps to the 10q24 locus, and thus could be targeted for deletion or codeletion along with PTEN (located at 10q23) in a number of prostate cancers ( 124).

P53 AND PRB TUMOR SUPPRESSOR PATHWAYS

p53 Pathway

The Pathway

p53 is a tumor suppressor gene that, in response to genotoxic stress or in response to inappropriate proliferative signals delivered by certain oncogenes, can induce 
either a cell-cycle arrest or apoptosis. p53 is subjected to frequent somatic mutation in a wide variety of tumors (as many as 50% of all tumors), and germline mutation 
of p53 results in the acquisition of a rare hereditary cancer predisposition syndrome known as Li-Fraumani syndrome (125,126 and 127). Patients afflicted with this 
illness develop breast carcinomas, sarcomas, brain tumors, and other cancers at a significantly higher rate than the general population ( 128).

p53 is present in low to undetectable levels in normal cells. When cells are exposed to DNA-damaging agents such as ultraviolet or gamma irradiation, p53 is 
stabilized and forms a homotetrameric complex that binds to promoter elements in p53 target genes and activates these genes ( Fig. 4-3). These target genes include 
the cyclin-dependent kinase inhibitor p21, a mediator of p53-induced cell-cycle arrest, and a number of genes thought to participate in the induction of apoptosis.

FIGURE 4-3. The p53 pathway. The p53 pathway is a damage control pathway that can respond to both genotoxic stress, such as radiation, and the inappropriate 
activation of oncogenes. DNA damage is thought to be “sensed” by the protein product of the ataxia-telangiectasia gene (ATM). Activation of ATM triggers the 
activation of the chk1 and chk2 serine-threonine kinases. Chk1 and Chk2 are kinases that can phosphorylate and activate p53. p53 is a transcription factor that can 
induce the production of p21 and a resulting cell-cycle arrest as a consequence of inhibition of cyclin-dependent kinase activity. In addition, p53 can induce 
programmed cell death through both transcriptional and nontranscriptional means. p53 is in turn negatively regulated by MDM2, which targets p53 for protein 
degradation. This pathway can also be triggered by the induction of ARF. ARF is a protein produced from the same genetic locus as p16 INK4a, using, however, an 
alternative reading frame for translation of the protein. ARF protein is induced by a number of oncogenic signals and blocks the ability of MDM2 to degrade p53. In 
this manner, induction of ARF induces p53.

p53 is regulated by a number of inputs (Fig. 4-3). First, it is thought that DNA damage is “sensed” by the gene product of the ataxia-telangiectasia gene. The 
Ataxia-telangiectasia gene, in turn, regulates the activity of two kinases, Chk1 and Chk2, that can phosphorylate and activate p53 in the damage response pathway 
(129,130). Of particular interest here is that certain Li-Fraumeni families do not harbor p53 mutations, but rather have mutations in Chk2, strongly suggesting that 
Chk2 is both a critical regulator of p53 and a tumor suppressor gene ( 131). Second, the oncogene MDM2 binds to the C-terminus of p53 and targets p53 for 
ubiquitin-mediated degradation ( 132,133). In turn, p53 can induce the MDM2 gene, creating a negative feedback loop to shut itself off. Finally, as discussed below, 
the gene encoding for the cell-cycle regulator p16 INK4a also encodes a second protein, p14ARF in humans, or p19ARF in mice (referred to as ARF, for alternative reading 
frame, here forward) (134). The study of mice lacking an intact ARF coding sequence, but capable of making a p16 protein, revealed that the ARF loss is associated 
with the formation of tumors, raising the possibility that this gene, and not p16 INK4a, is the major tumor suppressor in this locus (135). Biochemically, ARF appears to 
function by interacting with Mdm2 to block degradation of p53 ( 136,137,138 and 139). ARF is particularly important, as it appears to act as a sensor for the 
inappropriate activation of certain oncogenic proteins, such as Myc or E1A ( 140,141). In cells expressing wild-type p53, induction of ARF by such stimuli leads to the 
inhibition of Mdm2, stabilization of p53, and activation of p53-dependent apoptosis. Thus, loss of ARF would provide a critical advantage to a cell that then acquires 
activating oncogenic mutations.

p53 Alterations in Prostate Cancer

Mutation of p53 and changes in p53 expression as detected by IHC have been extensively studied in prostate cancer. Because of space constraints, Table 4-3 
presents a partial accounting of the studies of p53 in prostate cancer, primarily focusing on those investigations in which there was a direct examination of p53 
mutations (typically by single-strand conformational polymorphism analysis or by direct sequencing). IHC studies were included when the IHC staining results were 
confirmed by limited mutation detection. Immunohistochemistry, by its very nature, is subjective and less precise. In the case of p53, enhanced IHC staining is thought 
to be equivalent to mutation as a result of stabilization of mutant p53 protein. In the studies listed in Table 4-3, there is a high concordance between the rate of 
mutation detection and the rate of IHC-positive cells. The reader should note that this is not the case with the entire body of literature, which shows a wide range in 
the reported frequency of p53 alterations in prostate cancer. Among studies that look directly at p53 mutations in all the tumors (not just in tumors that are positive by 
IHC+ in Table 4-3), the rate of mutation detection in primary prostate tumors is 10% to 20%. Another consistent finding is that the rate of p53 mutations increases in 
androgen-independent metastatic disease, where the rate of p53 loss can approach 30% to 40%. Clearly, p53 is inactivated in a significant fraction of prostate 



cancers, and biallelic inactivation appears later in tumor progression; such is the case for PTEN. In addition, the lack of p53 mutations in a substantial fraction of 
tumors raises the possibility that this pathway may be inactivated through an alternative mechanism in some tumors.

TABLE 4-3. P53 ALTERATIONS

MDM2 Amplification in Prostate Cancer

As mentioned previously, p53 function is inhibited by binding of MDM2 to the p53 C-terminus. Inactivation of p53, by amplification of MDM2, occurs frequently in 
soft-tissue and bone sarcomas, but also in glioblastoma and breast, lung, and ovarian cancers ( 142). In one xenograft model of prostate cancer, the emergence of an 
androgen-independent phenotype is associated with increased levels of MDM2 protein ( 143), suggesting a possible role for this mechanism in human tumors. In 
primary and metastatic prostate tumors, MDM2 amplification has not been extensively studied. In 28 stage B tumors, Ittmann et al. found no amplification of MDM2 
(144). Others have found that higher levels of MDM2 protein, as detected by IHC detection of MDM2 protein, are associated with more advanced-stage disease ( 145).

p14ARF Alterations in Prostate Cancer

ARF is encoded by the same gene that encodes the p16 INK4a protein. The major method for inactivation of ARF in tumors is the simultaneous inactivation of p16 INK4a, 
along with ARF by gene deletion (typically deletion of exon 2), or by promoter methylation. Mutations in the p16 INK4aare presented in detail under the retinoblastoma 
(RB) pathway (below), although alterations in this gene are rare in prostate cancer. In families with hereditary melanoma and in sporadic breast cancers, mutation of 
p16INK4a appears to be more tightly linked to the cancer phenotype ( 146,147 and 148). On the other hand, in leukemia and in some melanoma cell lines, specific 
mutations involving ARF and sparing p16INK4a, have been found (149,150). Thus, reexamining prostate tumors for selective mutation of ARF is an important task that 
remains to be done.

Mutation of p21 and Waf1

p21-Mediated inhibition of cyclin-dependent kinase activity is the primary mechanism through which p53 enacts a cell-cycle block. Mutation of p21 would render 
inactive the p53 cell-cycle-arrest function of p53 and thus could be one mechanism by which tumors evade p53 growth suppression. To date, one group has reported 
on the p21 mutations in prostate cancer, finding two such mutations in 18 primary tumors ( 151).

Retinoblastoma Pathway

The Pathway

The RB-1 gene encodes a nuclear growth regulatory protein—pRB. The pRB protein is part of a pathway that regulates cell-cycle entry and coordinates the execution 
of certain differentiation events with appropriate withdrawal from the cell cycle [for review see ( 152)]. The RB protein forms a complex with a transcription factor family 
known as E2F. The RB-E2F complex, when bound to the E2F sites in a promoter region of a gene, acts to repress transcription of the particular gene ( 153,154 and 
155). E2F sites are found in the promoters of genes involved in DNA synthesis, such as dihydrofolate reductase and thymidylate synthetase, and in the promoters of 
genes that also regulate the cell cycle, such as cyclin E and the E2F genes themselves. By blocking the transcription of these genes, pRB can arrest cells in G1 ( Fig. 
4-4). Although E2F is a transcription factor that can turn on S-phase-specific genes and induce cell-cycle entry, it is also necessary for the recruitment of pRB to 
promoter elements where it represses transcription. In keeping with these two roles, forced overexpression of E2F is associated with transformation and is required for 
tumors that form in the absence of pRB, whereas loss of E2F can also lead to tumors (156,157,158,159,160 and 161). Indeed, mutations in the E2F-4 gene, one of six 
members of the E2F family, have been reported in colorectal and gastric cancers ( 162,163 and 164).

FIGURE 4-4. The retinoblastoma (RB) pathway. The RB pathway acts primarily to regulate the progression of cells from the G1 phase of the cell cycle to the initiation 
of DNA replication (S phase). The pathway is centered on the regulation of protein product of the retinoblastoma gene (RB) and the E2F transcription factor family. 
The E2F family is a critical regulator of the transcription of genes involved in cell proliferation and cell cycle progression. These genes include the cyclin E gene, DNA 
polymerase a, and others. When activated, for example, cyclin E can itself induce cells to enter S phase. The RB protein can bind to E2F and the RB-E2F complex 
acts to repress or turn off transcription of the aforementioned E2F target genes. This complex can be inactivated by phosphorylation of RB by the cyclin D1 
cyclin-dependent kinase (cdk4) complex. Cyclin D1 and cdk4 itself are subjected to inhibitory regulation of the cyclin-dependent kinase inhibitor (cdki) p16 INK4a. LOH, 
loss of heterozygosity.

The formation and action of the RB-E2F complex is opposed by the activity of two cyclin-dependent kinase activities: D-type cyclins (cyclin D1, D2, and D3) 
complexed to either cdk4 or cdk6, and E-type cyclins (cyclin E1 and cyclin E2) complexed to cdk2 ( Fig. 4-4). These kinase complexes can phosphorylate and 
inactivate pRB, leading to the activation of E2F transcription, the induction of E2F target genes, and the induction of S-phase entry. Thus, increased cyclin kinase 
activity is associated with an increase in cellular proliferation. Cyclin D1 is notable, as it is a cellular oncogene targeted by gene amplification events in breast cancer, 
parathyroid adenomas, and lymphoma (Bcl-1).

The activity of cyclin D/cdk complexes is blocked by a cyclin-dependent kinase inhibitor known as p16 INK4a. This inhibitor is produced by the p16/INK4A/MTS-1 gene 
and binds to and inhibits the association between cyclin D and cdk4, or cdk6. p16 INK4a is a tumor suppressor gene, and undergoes frequent somatic mutation in a 
number of cancers. In addition, germline mutations are associated with the development of hereditary melanoma. This same gene leads to the production of a second 
protein product known as p19ARF (ARF) (134). As described previously, ARF is a regulator of the p53 pathway. Mutations in this gene can knock out both proteins, 



thereby altering both the RB and p53 pathways.

In addition to phosphorylating pRB, cyclin E is also an important transcriptional target of the RB/E2F complex. Therefore, cyclin E/cdk2 most likely acts downstream of 
pRB and regulates a number of proteins whose functions are connected to the regulation of the cell cycle and DNA synthesis. For example, cyclin E/cdk2 can 
phosphorylate NPAT, a protein that regulates the biosynthesis of histones, a critical component of chromatin ( 165,166 and 167). Cyclin E/cdk2 activity is held in check 
by the action of another cyclin-dependent kinase inhibitor, p27.

Retinoblastoma 1 Alterations in Prostate Cancer

The pRB protein can be inactivated by the viral oncoprotein large-T antigen from SV40. This oncoprotein inactivates both pRB and p53 and is sufficient to induce 
prostate neoplasia when expressed in the murine prostate epithelium ( 168). In the renal capsule recombination model, biallelic inactivation of RB in murine prostate 
epithelial cells is also associated with the development of prostate carcinoma caused by hormonal stimulation, suggesting that loss of pRB can predispose to prostate 
epithelial neoplasia ( 169). Surprisingly little work has been done to detail the extent of biallelic loss of RB-1 in human prostate cancer (Table 4-4). It is likely that the 
large size of the gene (27 exons spanning 200 kb of genomic DNA) and the lack of consistent mutational hot spots discourages investigators from vigorously pursuing 
the comprehensive detection of mutations. Studies looking at loss of chromosomal markers have found that loss of the RB-1 locus on chromosome 13q is frequent 
(33% to 60%). However, it has been difficult to demonstrate loss or mutation of the second RB-1 allele. To date, the best estimates are that perhaps 10% of prostate 
tumors harbor biallelic-inactivating mutations in RB-1. Loss of RB protein, as defined by IHC, has varied from less than 1% to 77%, showing the wide variation in this 
technique. It is likely that mutations in RB-1 are more common and are underestimated by current technologies. In addition, the pRB pathway can be inactivated 
through alternative means.

TABLE 4-4. RETINOBLASTOMA ALTERATIONS

Cyclin D1 Amplification in Prostate Cancer

Overexpression of cyclin D1 inactivates pRB through phosphorylation via the cdk4/6-cyclin D complex. Cyclin D1 is frequently amplified or overexpressed in breast 
cancer. In murine models, overexpression of D1 in the mammary gland results in breast carcinomas with a prolonged latency ( 170). In prostate cancer, cyclin D1 has 
not been studied extensively. The published data generally show low levels of amplification (0% to 5%) and a modest incidence of overexpression (4% to 24%) in 
primary and metastatic foci (12,171,172). Although others have reported a higher incidence of both amplification and overexpression ( 17,173), these discrepancies 
most likely result from differences in detection and scoring techniques. These data are summarized in Table 4-5.

TABLE 4-5. CYCLIN D1 ALTERATIONS

p16INK4a Alterations in Prostate Cancer

Unlike the RB-1 gene, the p16 INK4a gene is quite small, including only three exons. Furthermore, the majority of the coding sequence is contained within exon 2. 
Therefore, rapid sequencing of the entire gene from human tumors is possible. To date, point mutations and deletions have been found in only 2.5% and 3%, 
respectively, of all prostate tumors surveyed. In addition to mutational loss, p16 INK4a is commonly inactivated by promoter methylation. Herman found frequent 
methylation of prostate cancer cell lines (60%) ( 174); however, in primary tumors, methylation was found in 7% of tumors (Table 4-6). Thus, it would appear that loss 
of function of p16INK4a occurs in less than 10% of prostate tumors.

TABLE 4-6. P16INK4a ALTERATIONS

p27 Alterations in Prostate Cancer

The paucity of pRB, p16INK4a, and cyclin D1 alterations raises the possibility that alternative mechanisms for deregulating the G1 check point may be operational in 



prostate cancer. The cyclin-dependent kinase inhibitor p27 is a critical regulator of cyclin E/cdk2 activity and is a critical regulator of the G1 checkpoint downstream of 
pRB. p27 heterozygous– and homozygous–null mice develop hyperplasia in multiple organs, as well as tumors, when challenged with radiation ( 175,176). Finally, 
when crossed with the PTEN+/–, mice loss of p27 results in prostate tumors (P. Pandolfi, personal communication, 2000). Thus, p27 appears to be a critical regulator 
of prostate epithelial cell proliferation. In human prostate tumors, p27 loss is associated with advanced stage and a poorer prognosis (reviewed in Chapter 20). Thus, 
one possibility is that loss of p27 is the major mechanism for inactivation of the pRB pathway in prostate tumors. p27 can be regulated through ubiquitin-mediated 
degradation, and enhanced degradation has been described in gliomas; colorectal tumors ( 177,178); and, more recently, in prostate tumors (M. Loda, personal 
communication, 2000).

TRANSCRIPTION FACTORS

Androgen Receptor

The AR is a critical regulator of growth and differentiation of prostate epithelial cells, both normal and transformed. In the setting of clinical administration of the AR 
antagonist flutamide, somatic mutations of the receptor that confers flutamide activation to the receptor can occur ( 179,180,181,182 and 183). However, patients with 
these tumors account for only a minority of those tumors that become androgen independent. Instead, direct amplification of the AR is being recognized at greater 
frequency in this setting ( 12,184,185). Clearly, this may imply a continued important role for the receptor, even in the androgen-independent state. This topic is 
covered in greater detail in Chapter 3 and Chapter 6.

Myc Family

Myc is one of the first members of the large helix-loop-helix leucine zipper family of transcription factors. These members share a common three-dimensional protein 
structure, and the ability to recognize a DNA-binding element known as an E-box. Myc binds to DNA in partnership with Max (forming Myc:Max heterodimers) 
[reviewed in (186)]. The Myc:Max complex is capable of activating transcription from the E-box promoter elements. However, the Myc:Max complex is either absent or 
low in most quiescent cells. In these cells, Max is primarily complexed with another protein known as Mad or the Mad-related family member, Mxi-1 (forming Mad:Max 
or Mxi-1:Max heterodimers). This complex sits on a promotor element and turns off transcription. Thus, there are two opposing forces: one active (Myc:Max), and one 
repressive (Mad:Max or Mxi-1:Max). Amplification, or overexpression, of Myc results in a shift in this equilibrium from the repressive complex to the active complex, 
with subsequent inappropriate, or untimely, activation of Myc-responsive genes and the unregulated induction of cell-cycle entry.

Mxi-1 can bind to Mad and act to negatively regulate Myc target genes. Thus, loss of Mxi-1 due to deletion or inactivating point mutation would, like Myc amplification, 
shift the balance of transcription toward Myc-dependent transcriptional activation. Consistent with this notion, Mxi-1 overexpression can block Myc-dependent 
transformation (187), and Mxi-1 knockout mice develop hyperproliferation of the prostate epithelium, as well as multiple tumor types when either crossed to 
p16INK4a-null background or exposed to carcinogens ( 188).

Myc Amplification or Overexpression in Prostate Cancer

Myc amplification can be identified by Southern blot, or by fluorescent in situ hybridization, to detect gene copy number. In the latter, one can distinguish chromosome 
amplification (aneuploidy) from gene-specific amplification by comparing the gene-specific signal to that obtained with a centromeric probe. For example, Bubendorf et 
al. required a threefold increase in the fluorescence in situ hybridization signal, obtained with Myc, over the chromosome 8 centromeric probe in their definition of myc 
amplification. In a survey of tumors studied on a tumor microarray, they found that Myc amplification occurred in 10% of metastatic tumors and 4% of locally recurrent 
tumors, but in none of the 168 primary tumors examined (12). In other reports, Myc amplification has been found in primary tumors, ranging from 0% to 44% ( Table 
4-7). Here, a significant problem is that the threshold for calling amplification, and the use of a centromeric probe for correcting for chromosomal amplification, varies 
from study to study. Nonetheless, Myc amplification occurs in a definitive group of prostate tumors and, in one recent study, was an independent predictor of systemic 
progression (189).

TABLE 4-7. MYC AMPLIFICATION AND OVEREXPRESSION

Mxi-1 Loss of Function in Prostate Cancer

Mxi-1 maps to the chromosomal region 10q24-25 telomeric to PTEN, located at 10q23. As mentioned earlier, this region is a frequent target of LOH; therefore, Mxi-1 
would be expected to undergo at least monoallelic loss quite frequently in prostate cancer. Mutation of the second allele remains controversial ( Table 4-8). One group 
reported inactivating point mutations in four of ten tumors preselected for LOH at the 10q24 locus, although others, who have not preselected their tumors, have failed 
to find any mutations. For example, Gray et al. found LOH at 10q23-25 in 23 of 37 tumors, but only one had specific loss at 10q24. In the group of 23 tumors with 
10q23-25 LOH, no mutations of Mxi-1 were found (62).

TABLE 4-8. MXI-1 ALTERATIONS

In addition to the open question regarding the extent of biallelic loss of Mxi-1, there are a number of questions that arise. First, could monoallelic loss of PTEN and 
monoallelic loss of Mxi-1 cooperate to induce pathologic growth of prostate epithelial cells? Genetic experiments in mice have demonstrated that haploinsufficiency of 
PTEN results in a prostate hyperplasia. It is possible that the additional loss of one copy of Mxi-1 could serve to exacerbate PTEN loss. Second, is it possible the 
haploinsufficiency of Mxi-1 might cooperate with amplification of Myc to produce a more profound deregulation of this growth-control pathway? Further studies are 



needed to document whether these scenarios are likely.

NKX3.1

NKX3.1 is a member of a large family of homeodomain transcription factors (190,191). NKX3.1 is highly expressed in the prostate, as well as in salivary glands, the 
kidney, and portions of the central nervous system (192,193), and is expressed in an androgen-dependent manner (191). Genetically altered mice that lack one or 
both alleles of NKX3.1 develop a prostate gland; thus, NKX3.1 is not essential for prostate development but may be important for regulating production of certain 
secretory proteins (194). However, both the heterozygous- and homozygous-null mice develop prostate hyperplasia ( 194). Thus, loss of function of NKX3.1 might be 
associated with the development of prostate cancer. In keeping with these data, NKX3.1 is localized to chromosome 8p21 ( 195). LOH at this locus occurs in prostate 
cancer and is associated with more aggressive or invasive tumors, suggesting the presence of a tumor suppressor gene in the 8p21–8p22 interval ( 196,197,198 and 
199). Mutations of the remaining NKX3.1 gene have not been identified. Thus, it is unclear whether this protein is a bona fide tumor suppressor gene in human 
prostate cancer (195). However, the fact that mice demonstrate a phenotypic consequence of loss of one allele of NKX3.1 raises the possibility that haploinsufficiency 
of this gene in human tumors results in a propensity to tumor formation or progression ( 194).

ADHESION FACTORS

E-Cadherin

Cadherins are a family of transmembrane proteins with a long extracellular domain composed of repetitive domains required for cell-cell adhesion. E-cadherin is the 
major Ca2+-dependent adhesion receptor found in the adherens junctions between epithelial cells. The intracellular portion of the receptor binds to a-catenin, 
b-catenin, and g-catenin, which serve to connect E-cadherin to the actin cytoskeleton [reviewed in ( 200)]. Functionally, E-cadherin is altered in cancer through a 
number of mechanisms, including germline mutation, found in familial sporadic gastric cancer; somatic mutation, found in breast cancer; and epigenetic modulation. In 
mice, loss of E-cadherin appears to contribute to tumor progression, but loss of E-cadherin itself is not sufficient to render a tumor invasive through basement 
membrane (201). Conversely, restoration of E-cadherin to tumor cell lines can suppress their neoplastic properties.

A role for loss of E-cadherin in prostate cancer was first proposed after observations that invasive Dunning rat tumors lost both E-cadherin protein and mRNA ( 202). 
Furthermore, in this model, restoration of E-cadherin expression was associated with a decrease in the invasiveness of the Dunning tumors, suggesting that loss of 
E-cadherin is causally associated with invasive behavior ( 203). In human tumors, loss of E-cadherin protein, as detected by IHC, has been observed by a number of 
groups. Although normal prostate epithelial cells express E-cadherin, 50% or more of prostate tumors appear to lose E-cadherin protein ( 204,205,206 and 207). Loss 
of E-cadherin has been correlated with Gleason score, and, in some studies, loss of E-cadherin is prognostic for survival ( 208,209). E-cadherin loss, however, does 
not appear to add additional discrimination when combined with standard prognostic features ( 210).

Genetic alteration and mutation of E-cadherin is found in other tumors, but to date no evidence of allelic loss has been found for the E-cadherin locus in prostate 
cancer (211). Rather, loss of E-cadherin appears to occur as a result of loss, or down-regulation, of transcription ( 212), and this appears to result as a consequence of 
methylation of the E-cadherin promoter (213). Of note, a single genetic lesion in this pathway has been noted in PC3 cells, where deletion of the a-catenin gene has 
been described (214).

In summary, the data for E-cadherin are quite consistent from study to study and suggest that epigenetic loss of this protein is an important step in the progression of 
prostate cancer.

CONCLUSION

The heterogeneity of prostate cancer remains a formidable hurdle to dissecting the genetic alterations that trigger and drive prostate epithelial cell transformation. 
Unfortunately, at this point it does not appear that we have detailed understanding of these genetic alterations, and much work is needed in this area. There are three 
future goals to this ongoing work. First, we need to determine whether there exist separable molecular classes of prostate cancer. Such molecular subsets exist in 
breast cancer and can be defined based on known molecules, such as estrogen receptor and Her2/neu, or, more recently, based on complimentary DNA microarray 
analysis (215). Clearly, the definition of breast tumors, based on ER or Her2/neu status, carries therapeutic implications. The second goal is to elucidate the 
combination of distinct genetic and epigenetic events occurring within each molecular subset. For example, are p53 pathways and pRB pathways inactivation 
co-incident? Does mutation, or loss, of one allele of PTEN cooperate with loss of p27 protein? Finally, we need to determine whether there exists a specific sequence 
in which genetic alterations are obtained. What are the earliest lesions in prostate cancer? Can the identification of such events direct us toward preventive strategies 
in prostate cancer? The postgenome era brings the promise of answering these questions and leading us to the development of robust novel therapeutic agents.
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INTRODUCTION

In normal bone marrow, approximately 25% of the hematopoietic cells are proliferating per day to replace approximately 25% of these cells dying daily ( 1). Likewise, 
approximately 10% of the epithelium in the skin ( 2) and gut (3) are proliferating per day to balance the 10% daily death rate of these cells. These percentages 
translate into the human reality that there will be sufficient cell proliferation in a 180-lb man to produce 180 lb of new blood, skin, and gut cells per year to balance the 
death of 180 lb of these cells, which normally occurs annually. Because the daily rate of cell proliferation equals that of death, neither involution nor overgrowth of 
these tissues normally occurs. The most remarkable fact about prostate cancer is that 39,000 American men will die of this devastating disease this year ( 4), even 
though less than 5% of the metastatic prostate cancer cells proliferate per day ( 5). Thus, although highly lethal, metastatic prostate cancer cells are proliferating at a 
daily rate that is two- to fivefold lower than a variety of normal host cells. In contrast to these normal cells, however, metastatic prostate cancer cells characteristically 
have a remarkably low rate of death (i.e., less than 2% of these cells die per day) ( 5). Because more prostate cancer cells proliferate daily than die (i.e., 5% – 2% = 
3% net gain in malignant prostate cells per day), prostate cancer grows continuously. Thus, the major reason for the ability of prostate cancer cells to metastasize and 
kill the patient is not related to their high rate of proliferation, but to their high rate of survival once they have disseminated to a distant site ( 5).

Presently, there is a large variety of cytotoxic chemotherapeutic agents available. Unfortunately, essentially all of the agents require the target cell to be proliferating 
to be killed. Because metastatic prostate cancer cells have such a low rate of cell proliferation, there is essentially no therapeutic index between these cancer cells 
and rapidly proliferating normal gut, skin, and blood cells when the patient is exposed to the presently available cytotoxic chemotherapeutic agents. This lack of 
tumor-cell specificity leads to host toxicity that limits both the dose and total length of treatment with such nontargeted cytotoxic agents. Therefore, what is needed is a 
method for targeting the death of prostate cancer cells without inducing such death in host normal cells.

Based on this realization, identifying the molecular pathways responsible for the high level of survivability of prostate cancer cells has become a major research focus. 
These studies have focused on the knowledge that androgen is the major survival factor for the androgen-responsive prostate cancer cells present within the patient. 
This is because sufficient levels of androgen are chronically required to antagonize the activation of the programmed (i.e., apoptotic) death of these 
androgen-responsive cancer cells (6). It is on this basis that androgen ablation has been used as standard systemic therapy for metastatic prostate cancer.

PROBLEM WITH ANDROGEN ABLATION THERAPY

During this year, 39,000 men will die of prostate cancer in the United States ( 4). Essentially, all of these patients will have received treatment with a variety of 
androgen ablation techniques. There is a multitude of excellent means of ablating serum androgens, including chronic treatment with luteinizing hormone–releasing 
hormone analogs alone and in combination with antiandrogens or surgical orchiectomy, or both. A recent, large, randomized, prospective clinical trial compared the 
effectiveness of gold standard androgen ablation (i.e., surgical orchiectomy) as monotherapy to a combination approach of orchiectomy plus concomitant 
antiandrogen treatment in patients with metastatic prostate cancer. The data demonstrated that there is no additional advantage of combination approaches when 
compared with orchiectomy alone, in terms of the time of progression or overall survival ( 7). None of the patients with definitive metastatic disease was cured by such 
androgen ablation therapy, regardless of how aggressively it was given ( 7). To understand why such androgen ablation is not curative, an understanding of the 
cellular basis for androgen responsiveness is necessary.

ANDROGEN RESPONSIVENESS ON A CELLULAR BASIS

Whether normal or malignant, the growth of any cell type is dependent on the relationship between its rate of cell proliferation and death. If these rates are equivalent, 
no net growth occurs, even though cellular turnover (i.e., steady-state replacement) occurs continuously. In contrast, if the rate of cell proliferation is greater than 
death, then continuous net growth occurs; if the proliferation rate is lower than death, then cellular elimination occurs. Androgens are the major regulators of 
proliferation and death for the normal prostate ( 8,9 and 10). Androgens regulate the total prostate epithelial cell number by chronically stimulating the rate of cell 
proliferation (i.e., agonistic ability of androgen) while simultaneously inhibiting the rate of cell death (i.e., antagonistic ability of androgen) of specific subsets of 
androgen-sensitive and -dependent epithelial cells, and endothelial cells, within the prostate ( 8,9,10,11 and 12). The normal prostate is heterogeneously composed of 
a limited number of androgen-independent stem cells (i.e., a subset of basal epithelial cells) that, beside maintaining their own limited numbers, give rise to a larger 
subset of progeny that differentiates into androgen-independent, but -sensitive, amplifying cells (i.e., also located in the basal layer of prostate epithelial cells) ( 13). 
When sufficient androgen is not present (i.e., after androgen ablation), the amplifying cells are maintained (i.e., rate of proliferation equals rate of cell death), but do 
not expand into transit (e.g., luminal epithelial) cells ( 13,14,15 and 16). In contrast, when physiologically normal levels of androgen are exogenously replaced in a 
previously castrated host, the majority of these basally located androgen-sensitive amplifying cells differentiate into luminally located androgen-dependent transit 
(glandular) epithelial cells ( Fig. 5-1). Once the normal number of these androgen-dependent transit (glandular) cells is reached, their rate of cell proliferation balances 
their rate of cell death, such that neither prostatic regression nor continuous glandular overgrowth occurs ( 13,14,15 and 16). Thus, in the presence of physiologic 
androgen, the normal prostate is in a steady-state, self-renewing maintenance condition, heterogenously composed of androgen-independent, -sensitive, and 
-dependent epithelial cells. Because of the clonally expansive nature of this hierarchical stem-cell organization, the vast majority of the epithelial compartment is 
composed of androgen-dependent glandular cells, with lower numbers of androgen-sensitive basal cells and a limited number of androgen-independent basal stem 
cells (Fig. 5-1).

FIGURE 5-1. Heterogeneous composition of the normal prostate. The prostate is composed of a limited number of androgen-independent stem cells that can 
differentiate into androgen-independent, but -sensitive, amplifying cells. In the presence of physiologic androgen, the normal prostate is in a steady-state, 
self-renewing, maintenance condition, heterogeneously composed of androgen-independent, -sensitive, and -dependent epithelial cells. Because of the clonally 
expansive nature of this hierarchical stem cell organization, the vast majority of the epithelial compartment is composed of androgen-dependent glandular cells, with 



lower numbers of androgen-sensitive basal cells, and a limited number of androgen-independent basal stem cells.

CELL SURVIVAL PATHWAYS VERSUS APOPTOTIC CASCADE

If a sufficient systemic androgen level is not chronically maintained (e.g., after androgen ablation), then the entire subset of androgen-dependent prostatic glandular 
and epithelial cells, as well as a subset of prostatic endothelial cells, dies rapidly via the activation of an energy-dependent cascade of biochemical and morphologic 
changes, collectively referred to as programmed cell death (8,9,10,11 and 12). Normally, this programmed death is actively suppressed, owing to androgen-dependent 
production of cell survival signals. These include the production of secreted peptide survival factors, such as insulinlike growth factors I and II (IGF-I and -II), 
platelet-derived growth factor (PDGF), and vascular-endothelial growth factor (VEGF). These survival factors initiate their effect by binding to their cell-surface 
cognate receptor and inducing receptor dimerization. Once dimerized, each monomer transphosphorylates the opposing monomer on specific tyrosine residues. This 
tyrosine transautophosphorylation functions to recruit intracellular signaling proteins to bind via their src homology 2 domains to specific phosphorylated tyrosines in 
the ligand-occupied dimeric receptor complex (17). This autophosphorylation initiates three major kinase-dependent signaling cascades. These include: (a) the 
ras/raf/Mek/srk cascade, (b) the phospholipase Cg/diacylglycerol/inositol triphosphate (IP 3)/protein kinase C cascade, and (c) the phosphotidyl-inositol 3-kinase 
(PI3K)/protein kinase B kinase (PKBK)/protein kinase B (PKB also called Akt)/Bcl-2 antagonist of cell death (BAD)/procaspase 9 cascade ( 17,18,19,20,21,22,23 and 
24). PI3K is a heterodimer composed of an 85-kD regulatory subunit and a catalytic 110-kD subunit. The mechanism, by which growth factors activate PI3K, involves 
the binding of the 85-kD subunit to specific phosphotyrosines on either the cytoplasmic domain of the plasma membrane growth factor–occupied dimeric receptor or to 
phosphotyrosines on adapter proteins, which are themselves bound via their src homology 2 domain to the phosphorylated receptor. This binding anchors not only the 
85-kD regulatory subunit but also the catalytic 110-kD subunit of PI3K to the plasma membrane. This binding allows the tyrosine kinase of the receptor to 
phosphorylate the 85-kD subunit of the PI3K to which it is bound. This activates the PI3K, allowing it to phosphorylate the three positions of 
phosphatidylinositol-4,5-bisphosphate (PI-4,5-P 2) attached to the plasma membrane to form membrane-bound phosphatidylinositol-3,4,5-trisphosphate (PI-3,4,5-P 3). 
An inositol 5' polyphosphatase converts PI-3,4,5-P 2 to PI-3,4-P2 (18). Once formed, the PI-3,4-P2 can bind to the N-terminal, pleckstrin homology (PH) domain of the 
serine/threonine protein kinase termed PKB. PH binding to PI-3,4-P2 not only anchors the Akt protein to plasma membrane, but also causes it to undergo a 
conformational change, allowing it to expose its c-terminal regulatory domain, which can then be phosphorylated at threonine 308 and serine 473 ( 20). The 
phosphorylation of threonine at position 308 of Akt is catalyzed by a specific PKBK associated with the plasma membrane. This PKBK is also known as 
3-phosphoinositide-dependent protein kinase 1, because it is activated by binding PI-3,4,-P 3, but not PI-4,5-P2 (21). The identity of the enzyme responsible for 
phosphorylation of the serine at 473 has not been resolved. This dual phosphorylation synergistically activates the serine/threonine kinase of Akt. IP 3, generated from 
PI-4,5-P2 by phospholipase-Cg, releases Akt from the plasma membrane to phosphorylate downstream cytoplasmic and nuclear targets ( Fig. 5-2A) until inactivated by 
dephosphorylation by protein phosphatase 2A (18). Several downstream targets are known and include the apoptotic-inducing proteins, procaspase 9 ( 22), and the 
proapoptotic Bcl-2 family member, BAD (23). Akt phosphorylation of procaspase 9 inhibits the activation of this proapoptotic enzyme, whereas phosphorylation of the 
proapoptotic BAD allows it to form a complex with 14-3-3 protease, retaining the complex within the cytoplasm ( 23,24).

FIGURE 5-2. A: When activated by ligand binding, receptor autophosphorylation results in the activation of a downstream signaling cascade involving the 
phosphotidyl-inositol 3-kinase (PI3K)/protein kinase B (PKB) pathway. B: If inactivated, either by inhibition of ligand binding or targeted deactivation of the receptor, 
the lack of phosphorylation of the receptor results in the dephosphorylation of PI3K and AKT. In addition, any rises in [Ca] activate the phosphatase calcineurin via its 
interaction with calmodulin. These two events work in tandem to dephosphorylate Bcl-2 antagonist of cell death (BAD), causing its translocation to the mitochondria. 
C: Once in the mitochondria, BAD dimerizes with Bcl-2 and Bcl-X L, causing BAX to homodimerize and form complexes, which results in permeability transition events 
in the mitochondria. Cytochrome c is released and complexes with apoptotic-protease activating factor (Apaf)-1, resulting in the conversion of procaspase 9 to its 
active form and the subsequent activation of caspases that degrade the DNA fragmentation factor (DFF) inhibitor, resulting in the release of active DFF and 
subsequent DNA degradation. See text for details. mRNA, messenger RNA; RTK, receptor tyrosine kinase.

An increase in [Ca2+]i results in increased Ca 2+ binding to calmodulin, allowing the Ca 2+-loaded calmodulin to bind to calcineurin, activating its phosphatase activity 
(25). Activated calcineurin dephosphorylates the proapoptotic protein BAD ( 25). This active dephosphorylation of phospho-BAD is coupled to a decrease in BAD 
phosphorylation, due to a decrease in the activity of Akt, secondary to decreased occupancy of the survival factor receptors and PI3K signaling ( Fig. 5-2B). This 
dephosphorylation of BAD results in its translocation from the cytosol to the mitochondrial outer membrane ( 25). This causes the dissociation of the apoptotic 
inhibitors Bc1-2 or Bcl-XL, or both, from their dimeric complex with the proapoptotic protein BAX, allowing BAX to induce a permeability transition event via interaction 
with porin molecule in the inner mitochondrial membrane and translocation proteins in the outer mitochondrial membrane ( 25,26 and 27). This results in the release of 
cytochrome c from mitochondria (Fig. 5-2C). Once liberated, cytochrome c interacts with apoptotic-protease activating factor 1 to cause the processing of a series of 
procysteine–aspartic acid–specific proteases (e.g., procaspases 9 and 3) into enzymatically active caspases ( 28,29,30 and 31). Once activated, these caspases 
degrade specific intracellular proteins, including the 45-kD DNase inhibitor of the DNA fragmentation factor (DFF) complex ( 32,33). Once the 45-kD DNase inhibitor is 
inactivated, the 40-kD DNase subunit of the DFF complex is enzymatically activated and begins to fragment the cell's genomic DNA ( 32,33).

Increases in [Ca2+]i can be caused when androgen levels are insufficient—for example, after castration, the androgen-dependent prostate glandular cells undergo an 
epigenetic reprogramming, involving the increased synthesis of a series of protein, including calmodulin, DNase, clusterin, g-prochymosin, and others, coupled with 
decreased synthesis of survival protein, such as IGF-I and -II; PDGF; and the DNA-binding, highly charged, low-molecular-weight polyamines (i.e., spermidine and 
spermine) (9,34,35,36,37,38 and 39). Because of this reprogramming, a plasma-membrane channel for calcium is opened, allowing the high extracellular calcium (i.e., 
1 to 3 µm) to influx into these cells, raising the intracellular free Ca 2+ [Ca2+]i from 20 to 40 nm to greater than 1 µm (36,38). This increase in [Ca2+]i results, as 
previously mentioned, in the increased activity of calmodulin-dependent calcineurin. Having undergone the apoptotic cascade triggered by the calcineurin-dependent 
dephosphorylation of BAD, culminating in the activation of DFF, the genomic DNA is initially fragmented into high-molecular-weight sizes (i.e., 50 to 300 kb), which 
are subsequently degraded further into nucleosomal oligomers (i.e., multiples of a 180-base pair subunit) that lack intranucleosomal breaks in the DNA ( 9,35). This 
DNA fragmentation is subsequently followed by irreversible, morphologic changes, termed apoptosis, that characteristically involve chromatic condensation; nuclear 
disintegration; cell surface blebbing; and, eventually, cellular fragmentation into a cluster of membrane-bound apoptotic bodies within the prostate ( Fig. 5-3). 
Comparisons of the kinetics of induction of DNA fragmentation, the appearance of apoptotic bodies, and the loss of prostatic glandular cell number after castration 
have demonstrated that the fragmentation of genomic DNA is the irreversible commitment step in the death of the androgen-dependent prostate cells and does not 
occur as a result of the cells already being dead ( 9,35,36).



FIGURE 5-3. Schematic representation of the prostate cell cycle during proliferation, resting phase (G0) and programmed cell death. The period during which new 
gene and protein expression are required for the induction of DNA fragmentation (F) is termed D1, and the time during which the cell fragments into apoptotic bodies 
is termed D2. The biochemical and morphologic details are outlined here and further discussed in the text. CDK, cyclin-dependent kinase; ODC, orinthine 
decarboxylase; PARP, poly-adenosine-di-phosphate-ribose polymerase; TGF-b, transforming growth factor beta; TRPM-2, testosterone repressed prostate message 
2.

RELATIONSHIP BETWEEN CELL OF ORIGIN FOR PROSTATE CANCER AND ANDROGEN RESPONSIVENESS

Based on the stem cell organization of the normal prostate epithelium, there are three distinct cells of origin possible for prostate cancer ( 40). The first alternative is 
that the prostate cancer is monoclonally derived from an androgen-independent stem cell. Even if the cell of origin is an androgen-independent stem cell, it is still 
possible for the resulting cancer to be responsive to androgen ablation. The malignant stem cell could retain the ability to progress down the hierarchical pathway 
described previously, giving rise to larger subsets of androgen-sensitive amplifying, and even larger numbers of androgen-dependent transit, malignant cells. Such a 
heterogenous cancer, composed of these three cell types, would respond to androgen ablation with the elimination of the largest subset of cancer cells (i.e., the 
androgen-dependent malignant transit cells) and a reduction in the growth rate of the next largest subset of cancer cells (i.e., the androgen-sensitive malignant 
amplifying cells). Such a response would not be curative, because neither the malignant androgen-independent stem cell nor the androgen-sensitive malignant 
amplifying cells would be eliminated.

A second alternative is that the original prostate cancer can be monoclonally derived from an androgen-sensitive amplifying basal cell. If this occurred, then the 
cancer would again be androgen responsive, because it is composed of androgen-sensitive malignant amplifying cells that retain the ability of differentiating into 
androgen-dependent transit cell progeny. Again, owing to clonal expansion, the major type of cancer cell present would be the androgen-dependent malignant transit 
cell. Such a heterogenous cancer would be responsive to androgen ablation, owing to the elimination of the major subset of malignant transit cells; however, the 
cancer would not be cured by such therapy, because the androgen-sensitive amplifying cells would not be eliminated.

A third alternative is that the original cancer is monoclonally derived from an androgen-dependent transit (glandular) cell. If this occurs, then the cancer would initially 
be highly androgen-responsive to androgen ablation. If no further malignant progression occurred, the cancer, theoretically, could be cured by such therapy; however, 
as will be discussed, even if this third possibility occurs, and the initial prostate cancer is homogeneously composed of androgen-dependent cancer cells, as these 
cells undergo sufficient cellular proliferation to produce clinically detectable prostate cancer (i.e., more than 30 population doublings), a series of mechanisms 
eventually leads to the heterogenous development of malignant clones of androgen-sensitive or androgen-independent prostate cancer cells, or both.

MECHANISM FOR DEVELOPMENT OF ANDROGEN-INDEPENDENT OR -SENSITIVE PHENOTYPE FROM INITIALLY 
ANDROGEN-DEPENDENT PROSTATE CANCER CELLS

The exact mechanism responsible for the basic alteration of the cancer cell phenotype has not been completely resolved but involves changes in the structure or 
regulation, or both, of the cancer cell genome. Regardless of the detailed mechanism, such a change in phenotype is inheritable. This requires that some type of 
basic genetic change occur in these cells. Genetic change is defined here as a heritable alteration of phenotype, whether resulting from gene mutations, chromosomal 
alterations, or alterations in gene regulation. The ability of cancer cells to undergo such genetic changes demonstrates that these tumor cells are genetically unstable 
(i.e., genetically changeable). This genetic instability can lead to the addition of a series of genetically altered clones of cancer cells, each with a distinct phenotype. 
Only such newly developed clones, in which the new phenotype allows these cells to proliferate without the requirement for androgenic stimulation (i.e., 
androgen-independent or -sensitive cells), are important in the development of resistance to androgen ablation therapy. Once these androgen-independent 
or-sensitive clones develop, they have a growth advantage after androgen ablation over all the other newly developed tumor clones that still retain androgen 
dependence, in addition to any original androgen-dependent cells still present in the tumor. Eventually, such a growth advantage leads, via clonal selection, to the 
development of resistance of androgen ablation therapy (e.g., hormonal refractory disease) ( 41).

The basic question becomes What causes the development of genetic instability of initially androgen-dependent prostate cancer cells? One possibility is that changes 
in the tumor microenvironment are critically involved in inducing the development of this genetic instability. Exactly how this could occur is not completely understood. 
Exposure of tissue culture cells to medium deficients in single essential amino acids results in a decrease in cellular proliferation with a specific inhibition of the cell 
cycle during the S phase (42). This inhibition has also been shown to induce the development of genetic instability, such that eventually, demonstrable chromosomal 
aberrations occur (42). The net result of this environmentally induced genetic instability is that genetically distinct androgen-independent or -sensitive cells can be 
added to the tumor even before any androgen ablation therapy is given.

Besides androgen ablation–independent changes in the tumor microenvironment, such change also can be directly induced by androgen ablation. For example, the 
continuous growth and survival of any cancer critically requires an adequate tumor blood supply. Because a critical tumor blood supply is continuously expanding 
(i.e., angiogenesis) with the net growth of the cancer, anything that inhibits tumor angiogenesis produces local (i.e., microenvironmental) hypoxia, acidosis, and toxic 
metabolic waste build-up. These microenvironmental changes could induce such instability of the cancer cells. Adequate tumor angiogenesis requires the continuous 
production of a series of angiogenesis factors, one of the most important of which is VEGF. VEGF induces the migration, proliferation, and survival of endothelial cells 
and is also produced by prostate cancer cells themselves. Recent studies have demonstrated that VEGF secretion by androgen-responsive and-dependent prostate 
cancer cells is under androgen regulation ( 11,12,43,44 and 45). Thus, androgen ablation induces a significant decrease in VEGF levels within prostate cancers, by 
which inhibiting tumor angiogenesis could produce significant microenvironment stress on the prostate cancer cells, inducing their genetic instability.

An alternative explanation is that changes in the host microenvironment, whether dependent or independent of androgen ablation, do not have a direct inductive role 
in the development of genetic instability of the initially androgen-dependent prostate cancer cells. Instead, it is possible that the development of genetic instability of 
the androgen-dependent prostate cancer cells occurs as a stochastic event related to the basic nature of the cancer cells ( 41). How such genetic instability could 
develop independent of microenvironmental factors is not entirely known. One possibility is that one of the earliest events in malignant transformation of prostate 
epithelial cells could involve deactivation of a gene locus, which increases the likelihood of subsequent genetic errors.

In prostate cancer, the gene encoding for the phase II detoxification enzyme, the p isozyme of glutathione S-transferase, has also been found to be extensively 
methylated in its promoter region in a completely cancer-specific fashion, with concomitant absence of expression ( 46). This methylation event, found in over 90% of 
all prostate cancers, is the earliest and most common genomic alteration yet observed in sporadic prostate cancer ( 46). The mechanism by which this region becomes 
specifically methylated in prostate cancer and the basis for its apparent selection in the carcinogenic pathway are unclear. Because this enzyme has a key part in an 
important cellular pathway to prevent damage from a wide range of carcinogens, inactivation of its activity may result in increased susceptibility of prostate tissue to 
both tumor initiation and progression, resulting from an increased rate of accumulated DNA damage (i.e., increasing its genetic instability).

Additional genetic changes may explain the progression to an androgen-independent phenotype. Bcl-2 is an oncogene located on chromosome 18q21, encoding a 
membrane-bound 26-kD protein that prolongs cell survival by inhibiting apoptosis ( 47). Bcl-2 expression is localized to the basal epithelial cells in the normal human 
prostate (48). Normal human prostatic secretory epithelial cells do not express the Bcl-2 protein; however, a fraction of primary untreated prostate adenocarcinoma 
cells do express this apoptosis-suppressing oncoprotein at significant levels ( 48,49,50 and 51). With the use of immunohistochemical examination for Bcl-2 expression 
in androgen-dependent and androgen-independent prostate carcinoma, Bcl-2 is undetectable in approximately 60% of androgen-dependent cancers. In contrast, 



androgen-independent cancers displayed diffuse high levels of Bcl-2 expression in 30% to 40% of cases ( 49,51). These findings suggest that enhanced Bcl-2 
expression is correlated with the progression of prostate cancer androgen dependence to androgen independence. The frequency of Bcl-2 expression during the 
progression of human and rat prostate cancers from an androgen-sensitive nonmetastatic phenotype to an androgen-independent metastatic phenotype is statistically 
and significantly correlated ( 51). Such Bcl-2 expression is not absolutely required for either androgen-independent or metastatic ability by human prostate cancer cells 
(51). Experimentally, overexpressing of Bcl-2 in human prostate cancer cells protects these cells from apoptotic stimuli in vitro and confers resistance to androgen 
depletion in vivo, and such protection correlates with the ability to form hormone-refractory prostate tumors in vivo (50,51).

The androgen receptor is a key mediator of androgen function within normal and malignant prostate cells. The androgen receptor is nearly universally expressed in 
primary and metastatic sites in untreated patients and in patients undergoing androgen ablation but with recurrent disease, suggesting that the androgen receptor is 
required for the progression of prostate cancer to the androgen-unresponsive metastatic stage ( 52,53). Molecular analysis has demonstrated that amplification of the 
Xq11-q13 region, where the androgen receptor gene is located, is common in prostate cancer, recurring during androgen ablation therapy ( 54,55). Androgen receptor 
amplification has been detected in approximately 30% of recurrent prostate cancers, but not in specimens taken from the same patients before therapy ( 54,55). 
Combining these results suggests that in approximately one-third of patients, failure of androgen ablation therapy may be caused by clonal outgrowth of prostate 
cancer cells with increased androgen receptor expression. In addition to amplification, mutations in the gene can cause androgen receptor dysfunction, including 
alterations of androgen receptor specificity, binding affinity, and expression ( 56). Androgen receptor mutations occur in low frequency in primary prostate cancer 
(56,57). In contrast, the cells in the distant metastases and recurrent prostate cancer after androgen ablation often contain androgen receptor mutations ( 57).

Recently, a series of experimental studies demonstrated that there is “cross-talk,” between the androgen receptor and the signaling pathway, induced by peptide 
growth factors (58). These studies have demonstrated that when the androgen receptor is not expressed, certain peptide growth factors [e.g., nerve growth factor 
(NGF), keratinocyte growth factor, epidermal growth factor (EGF), and IGF-1] are unable to stimulate the transcription of androgen-responsive genes by 
androgen-independent prostate cancer cells. In contrast, when the androgen receptor is expressed experimentally in these same androgen-independent cancer cells, 
these same peptide growth factors can now induce the expression of these androgen-responsive genes in an androgen ligand–independent manner. 
Ligand-independent androgen receptor activation of transcription of specific genes can be induced by co-stimulation of pathways involving protein kinase A or peptide 
growth factors (58,59). These results suggest that the androgen-regulated transcriptional pathways for growth and survival may be activated in an androgen 
ligand–independent manner by cross-talk with the nuclear transcriptional machinery induced by peptide growth factors. This raises the interesting possibility that, 
although certain prostate cancer cells can progress to become independent of androgen for growth and survival, these same cells may retain an androgen receptor 
dependence, independent of binding of the androgen ligand to this receptor. Thus, therapies targeted at decreasing androgen receptor expression within prostate 
cancer cells, independent of lower serum androgen levels, are a new approach ( 60). An additional new approach is to disrupt the ability of the androgen receptor to 
interact with a series of coactivator proteins (e.g., SRC-1) needed for efficient transcription of androgen responsive genes ( 61).

NEW APPROACHES FOR ANDROGEN-INDEPENDENT PROSTATE CANCER

For androgen-dependent prostate cancer cells to progress to a non-androgen-dependent phenotype, these non-androgen-dependent cancer cells must substitute 
alternative (i.e., non-androgen-dependent) mechanisms for activation of their survival pathway ( 62,63,64,65,66 and 67). There is a variety of growth factors and 
cytokines that could potentially provide activation of such survival pathways. Growth factors and cytokines vary in their ability to induce proliferation and survival, but 
they all function by binding to and, thereby, activating their cognate receptors, which in turn activates signal transduction pathways. These receptors can be of several 
types being either (a) tyrosine kinase coupled, (b) G protein coupled, or (c) adapter coupled. The ability of certain growth factors to induce proliferation is not 
necessarily correlated with their ability to promote survival, and indeed some growth factors and cytokines promote survival of postmitotic cells ( 68). For example, 
apoptotic cell death can often be induced in vitro by simply a removal of serum from the media. This is because serum contains a variety of survival factors including 
insulin, IGF-I and -II, PDGF, and neurotrophins, such as NGF. In contrast, when cells are grown in restricted levels of serum-containing media, they often can survive, 
but not proliferate. Exposure of such serum-restricted cells to exogenously added EGF or fibroblast growth factors (FGF), but not to insulin, IGF, PDGF, or NGF, often 
induces these cells to enter the cell cycle and proliferate [i.e., EGF and FGF are mitogenic factors, whereas insulin, IGF, PDGF, and NGF are survival factors ( 69)].

Regardless of the final response, each of these previously discussed factors is known to initiate its effect by binding to its cell surface cognate receptor and inducing 
receptor dimerization. Once dimerized, each monomer transphosphorylates the opposing monomer on specific tyrosine residues and thus generates various signaling 
pathways, outlined in Figure 5-2.

Recent studies have demonstrated that a gene termed PTEN, which is located on the long arm of human chromosome 10, is often physically deleted at one allele and 
mutated at the other in a large variety of human cancers, including prostate cancer ( 70). This PTEN gene normally encodes a phospholipid that can hydrolyze 
PI-3,4,5-P3 at its 3 position to produce PI-4,5-P2. Because the PH domain of Akt only binds PI-3,4-P2 and not PI-4,5-P2, such PTEN-catalyzed hydrolyzing inhibits the 
activation of Akt. The level of PI-3,4-P2 is directly related to the level of PI-3,4,5-P 3, which itself is regulated by the relationship between the competing activity of PI3K 
versus PTEN. Thus, the tonic level of Akt activity effecting cell survival is determined by the relationship between PI3K versus PTEN activity ( 71). The importance of 
this PI3K/Akt pathway for survival has been demonstrated repeatedly by the observation that treatment with the PI3K inhibitors wortmannin or LY293002 can induce 
the apoptotic death of certain cells, and that in normal cells this death cannot be overcome by adding additional amounts of survival factors ( 72). In contrast, 
transgenetically expressing a mutated Akt gene encoding constitutively active Akt (i.e., which does not need to be activated by PI3K) allows such transfected cells to 
be completely resistant to the apoptosis induced by wortmannin or LY294002 treatment ( 73).

Although each of the ligands for tyrosine receptor kinases (i.e., EGF, FGF, IGF, VEGF, PDGF, NGF, and others) can activate both the proliferation and survival 
cascades, the relative magnitude of the activation to the two cascades varies between ligands. For example, EGF or FGF predominately stimulates the proliferative 
cascades (i.e., ras/raf/Mek/erk), whereas IGF, PDGF, and NGF predominately stimulate the survival pathway ( 72,73,74,75 and 76). Because in serum all of these 
factors are present, growing cells in serum containing media optimally stimulate both cascades, owing to the sum of the input from all of the growth factors. Although a 
large series of studies have demonstrated that both normal and malignant prostate cells respond to these growth factors, recent studies have identified some 
significant differences between normal and malignant prostate cells. The differences relate to the role of NGFs. Western blotting, immunocytochemistry, and 
enzyme-linked immunoabsorbent assay, demonstrate that NGF is located in the prostate epithelium and that the concentration of NGF is slightly higher in prostate 
cancer (i.e., 3.1 ± 1.5 ng/g) versus benign prostatic hyperplasia (BPH) tissue (i.e., 2.0 ± 0.7 ng/g), and both tissues express NGF messenger RNA (mRNA) ( 77). Using 
immunocytochemical staining of a series of normal (i.e., N = 67), BPH (N = 15), and primary prostate cancers (N = 27), NGF is present within all of these tissues 
(77a). NGF and its respective 140-kD high-affinity tyrosine kinase (i.e., trkA) receptors have been implicated in both normal and malignant prostate growth. Using 
Scatchard binding analysis, normal human prostatic glandular cells express high affinity (K d = 1 × 10–11M) trkA receptors (78). Using immunocytochemical analysis, 
trkA is expressed in epithelial cells in normal human prostates (N = 67) and is homogeneously expressed (i.e., expressed in greater than or equal to 80% of the 
cancer cells examined) by 60% of the primary tumors (N = 59) and 80% of the metastases (N = 10) (79) (77a). In approximately one-third of these lesions, expression 
is actually higher than in normal prostate. Like the situation in humans, normal rat prostate and various members of the Dunning system of rat prostate cancers 
express measurable amounts of NGF (80). Using immunocytochemical analysis, trkA is expressed in the normal rat prostate epithelium and in all of the Dunning rat 
cancer sublines (79).

Reverse transcriptase-polymerase chain reaction (RT-PCR) confirmed these immunocytochemical analyses in a series of four human (i.e., LNCaP, DU145, PC3, and 
TSU-Pr1) and five rat (i.e., Dunning G, MatLyLu, AT-2, AT-3.1, and AT-6.1) prostate cancer cell lines, maintained as pure populations of malignant cells in tissue 
culture. Trk expression was also examined in a human xenograft (PC82) and a syngeneic rat tumor (Dunning H) grown in vivo. Each of these prostate cancer lines or 
tissues expressed trkA transcripts (79). These data indicate that trk expression is maintained in all established tumors and cell lines derived from spontaneous human 
and rodent prostate cancers. RT-PCR analysis for trkA expression was also performed on prostate tissue obtained directly from 18 patients undergoing radical 
prostatectomy for localized prostate cancer. These results demonstrated that 67% (12 of 18) of primary prostate cancer tissue expresses trkA mRNA ( 77a). In 
additional studies, no mutations were detected in the trkA gene within these cancers ( 81).

Besides high-affinity trkA receptors, NGF can also bind to a 75-kD lower-affinity plasma membrane receptor termed p75 ( 75,82). The function of the p75 receptor is 
not clear, but it is a member of the tumor necrosis factor a kD family of plasma membrane receptor proteins. Expression of the p75 low-affinity receptor is not required 
for signaling via the 140-kD high-affinity trkA receptor, but coexpression does enhance such signaling ( 75). Using a monoclonal antibody to p75, expression of p75 
protein immunocytochemically in both the basal and luminal epithelial cells in all normal human prostate (N = 67) and in BPH tissue (N = 15) was determined. The 
level of expression is higher in the basal than the luminal epithelial cell. In direct contrast, only 4 of 27 (15%) primary prostate cancers expressed comparable levels of 
p75 staining, whereas in this series, 16 of 27 (60%) of the cancers had equivalent or higher levels of trkA protein expression ( 77a). Using RT-PCR, Western blotting, 
and immunocytochemical staining, none of the established human prostate cancer cell lines available (e.g., DU145, PC3, LNCaP, and TSU) expressed p75, even 
though all of these lines expressed trkA (82,83,84 and 85).



Combining these results demonstrates that, whereas both normal and malignant prostate cells produce NGF, there are differences between these cells based on their 
pattern of trkA versus p75 receptor expression. Using a combination of RT-PCR and Western blotting analysis, TSU and DU145 human prostate cancer cell lines 
produce significant amounts of NGF and in all prostate cancer lines (i.e., TSU, DU145, LNCaP, and PC3), NGF binding to trkA receptors leads to receptor 
dimerization and activation of both the ras/raf/Mek/erk and PI3K/PKBK/Akt cascades. Because both normal and malignant prostate cells express both NGF and trkA, 
the issue is raised of what would happen to these prostate cells if they were treated with an inhibitor of the tyrosine kinase activity of the NGF occupied trkA receptor. 
For these studies, the trk tyrosine kinase inhibitor CEP-751 was selected from a library of K-252a indolocarbazole derivatives, because it inhibits neurotrophin/trk 
signaling at low nanomolar concentrations in vitro and at low mg per kg doses in vivo (86).

Initial studies demonstrated that at maximally tolerated subcutaneous doses of CEP-751 inhibition of tyrosine kinase activity of trk receptors had no discernable effect 
on the normal rat prostate. This is not unreasonable, because inhibiting the tyrosine kinase activity of the NGF/trk receptor should not inhibit the activation of either 
the ras/raf/Mek/erk or PI3K/PKBK/Art cascades by the binding of the other growth factors present (i.e., IGF, FGF, and others) to their cognate receptors. What was 
highly unexpected was the observation that when using the same subcutaneous in vivo dosing regimens in nine different models of human (LNCaP, DU145, PC3, 
TSU, and PC82) and rodent (Dunning G, MatLyLu, AT-2, and H) prostate cancer, CEP-751 inhibited the in vivo growth by 40% to 80% in all of the prostatic cancer 
sublines tested, independent of their state of differentiation, androgen sensitivity, metastatic ability, or growth rate ( 79,87). Using terminal transferase end-labeling to 
quantitate the percentage of tumor cells dying, and bromodeoxyuridine incorporation to determine the percentage of cells in cycle, the major effect of CEP-751 
treatment was documented to enhance death, not to inhibit the proliferation of these cancer cells (i.e., its major effect is cytotoxic, not antiproliferative) ( 79,87).

These results demonstrated that inhibiting the signaling ability of the NGF/trkA receptor complex in malignant, but not normal prostate epithelial cells, induces 
apoptosis. Another difference between normal and malignant prostate cells is their response to PI3K inhibition. Within 48 hours of treatment with the PI3K inhibitor, 
LY293002, more than 90% of normal human prostate epithelial cells in early passage, maintained in serum-free defined media containing insulin, IGF-II, EGF, basic 
FGF (bFGF), and NGF, underwent apoptosis ( 77a). In contrast, when a series of rodent (i.e., AT-3) and human (i.e., TSU, PC3, and DU145) prostate cancer cells 
were similarly exposed for 48 hours to PI3K inhibitors, at most only 30% of the cancer cells underwent apoptosis (A. Weeraratna, J. Issacs, unpublished data, 2001). 
These results demonstrate that, in malignant prostate cancer cells, changes have occurred, as compared to normal prostate epithelial cells, such that now the tyrosine 
kinase activity of the NGF/trkA receptor complex is chronically required to suppress the activation of apoptosis via stimulation of more than just PI3K.

In additional studies, exposure of human prostate cancer cells to 100-nm CEP-751 demonstrated a delayed (i.e., greater than 18 hours post initial exposure) rise in 
the intracellular free calcium concentration (i.e., Ca i

2+) from 20 to 40 nm to 10 to 20 µm (88). This delayed rise in [Ca 2+]i is associated with cytochrome-c release from 
the mitochondria and activation of genomic DNA fragmentation, and thus apoptotic death of the cancer cells. Using a variety of methods to block this delayed rise in 
[Ca2+]i, without inhibiting the decrease in the PI3K/Akt phosphorylation pathway induced by CEP-751, documented that inhibition of the latter survival pathway, 
although necessary, was not sufficient for induction of apoptosis by these prostate cancer cells ( 88). Such apoptosis additionally requires the delayed µm [Ca 2+]i rise 
also induced by CEP-751 treatment.

There are additional therapeutic methods for producing a delayed [Ca 2+]i rise in prostate cancer cells, which efficiently induced this apoptotic death ( 89). For example, 
thapsigargin is a sesquiterpene lactone that selectively inhibits the sarcoplasmic and the endoplasmic reticulum Ca 2+-ATPases (SERCA) (90). Inhibition of the SERCA 
causes depletion of intracellular Ca 2+ stores, resulting in an initial transient (i.e., less than 6 hours) rise in cytoplasmic Ca 2+ concentration, which is followed by a 
delayed (i.e., greater than 18 hours) influx of extracellular Ca 2+, producing a secondary sustained elevation of cytoplasmic Ca 2+ to a value greater than 10 µm (90,91). 
This delayed µm elevation of the cytosolic Ca 2+ concentration activates the proliferation-independent programmed death of susceptible cells, including 
androgen-independent prostate cancer cells, by the calcineurin/BAD/cytochrome-c pathway outlined in Figure 5-2 (90,91,92 and 93). Because the SERCA is present 
in all cells, thapsigargin (TG) also induces apoptosis in many normal host cells. Consequently, a method of targeting the proliferation-independent cytotoxicity of TG 
selectively to prostate cancer cells is needed. To target TG, advantage can be taken of the secretion of prostate-specific antigen (PSA) by prostate cancer cells. PSA 
is a serine protease with an unusual specificity. Thus, PSA can efficiently liberate toxic compounds covalently linked via an interval amino group to the c-terminal 
carboxylic acid group of glutamine of a PSA-specific six–amino acid peptide, N-histidine-serine-serine-lysine-leucine-glutamine–COOH ( 94,95). In contrast, this 
covalently linked prodrug is a very poor substrate for other purified proteases and proteases present in sera ( 94,96). The specificity of such a prodrug has further been 
illustrated by incubating cancer cells with a prodrug, in which the amino group of doxorubicin is coupled to the c-terminal of glutamine in this six–amino acid peptide. 
Only PSA-producing cells are killed, validating that doxorubicin is only liberated in the vicinity of such cells ( 94). A fast inactivation of PSA outside the prostate ductal 
system means that the hydrolytic activity only will be of significance in the close vicinity of prostate cells and prostate cancer cells ( 95). The aim is to develop a 
prodrug consisting of a primary amine containing TG analog, which, via the amine group, is coupled to a PSA-cleavable peptide. Presently, such TG analogs have 
been synthesized (97) and are being coupled to the PSA-specific peptide for testing in preclinical animal models.

SUMMARY

Androgen ablation therapy has been an important modality for the treatment of disseminating prostatic cancer for nearly 60 years. Unfortunately, such therapy, when 
given alone, is rarely curative. The failure of this therapy to cure such tumors, even though it can induce an initially positive response, is not due to a change in the 
systemic effectiveness of such a treatment. Instead, the development of resistance to such therapy is related to changes in the tumor itself. Experiments by a large 
number of investigators have identified several of the important tumor cell and host factors involved in these tumor changes. Through the identification of these 
factors, a concept has evolved that there may be multiple pathways for the development of resistance to hormonal therapy based on a stem-cell model for the normal 
prostate (40). Although such pathways can be described in phenomenologic terms, the detailed molecular biology of such a process is still unknown. It is clear, 
however, that the essential feature of the development of androgen resistance is the emergence of androgen-independent or -sensitive cancer cells, or both. The 
critical question for future studies is, therefore, Exactly how do androgen-independent cells develop? If this question can be answered, it might be possible to design 
therapies that prevent the development of these independent tumor cells.

Only under such conditions would androgen ablation therapy, used as a single modality, become potentially curative. However, even if therapeutic means can be 
developed to prevent the emergence of androgen-independent or -sensitive tumor cells, or both, this type of blocking therapy would have to be performed before such 
development had already occurred to be effective. Therefore, before such therapy was begun, some type of clinical test to determine that the tumor did not already 
have some androgen-independent or-sensitive tumor cells, or both, present (i.e., the tumor was not already heterogeneous androgen–sensitive), would additionally be 
required. Because at present, neither a method for determining the homogeneous versus heterogeneous nature of the androgen requirements of a particular tumor, 
nor a method for prevention of the development of androgen-independent or -sensitive tumor cells, or both, from dependent prostate cancer cells is available, these 
should be critical areas for extensive future study. Any advancement in either of these important areas would have profound consequences on the more effective 
issue of androgen ablation therapy.

Until these advancements are made, it would appear appropriate that androgen ablation therapy be used in combination with other modalities of treatment (e.g., 
radiation or other chemotherapy, or both, and others), which are specifically targeted at the androgen-independent or -sensitive cells, or both, either initially present or 
developing during androgen ablation therapy. Standard antiproliferative chemotherapeutic agents may be ineffective against such androgen-independent or -sensitive 
prostatic cancers, or both, because these cancers have a low proliferative rate (i.e., the median daily proliferative rate of prostate cancer cells within lymph node or 
bone metastases was less than 5% per day). Newer agents are needed that target the greater than 95% of prostate cancer cells within a given metastatic site that are 
not immediately proliferating. Several approaches have been proposed that are targeted at decreasing survival signals while elevating the Ca i

2+ to activate the 
apoptotic death cascade in prostate cancer cells. Such approaches can be combined with standard androgen ablation to increase their efficiency. In such combination 
approaches, it will be critical to evaluate the importance of both the timing (early vs. late) and the order (sequential or simultaneous) of androgen therapy in relation to 
these other modalities.
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DIMENSIONS OF THE PROBLEM

Despite increased awareness and the use of prostate-specific antigen (PSA) screening over the past several years, more than 37,000 men still die yearly from 
prostate cancer (1). Almost all of these men will have had hormone-refractory prostate cancer (HRPC) or progressive disease after androgen deprivation (AD). Efforts 
at screening and prevention may yet reduce the number of men who progress to this stage of disease, but for the foreseeable future, at least, HRPC will be a major 
problem in the management of prostate cancer.

The pathogenesis of HRPC is still not understood. It has been known for more than 50 years that 80% to 90% of patients with bone metastasis will respond initially to 
AD. But the duration of response is almost always finite, averaging 12 to 18 months ( 2). AD administered earlier in the disease, for instance before the onset of bone 
disease, has a longer duration of response, but most men are still likely to become resistant to this form of therapy. For this reason, a better understanding of the 
evolution of HRPC is extremely important. Recurrence after AD carries with it, initially, the emotional burden of observing rising PSA levels and, subsequently, bone 
pain and other symptoms associated with the hormone-refractory state.

What has perplexed physicians for more than 50 years is the mechanism of resistance to androgen ablation. What is not understood is why this disease, which has so 
robust a response to AD, should inevitably recur. If it were possible to understand how cancer cells are able to thrive after extreme modification of their normal 
hormonal environment, then insights into therapeutic strategies might follow. In other words, if the underlying mechanisms behind resistance to AD could be 
elucidated, then it might be possible to at least delay the onset of this stage of disease by treating it more effectively or preventing it entirely.

In this chapter, we discuss what is currently understood about the evolution of HRPC. We define this state as progressive biochemical or clinical disease during the 
course of AD therapy, either luteinizing hormone releasing hormone (LHRH) analogs or orchiectomy. Therefore, we do not mean to infer that HRPC, as defined in this 
manner, is not sometimes responsive to additional hormonal maneuvers, such as antiandrogens or ketoconazole, as addressed in Chapter 43.

The focus in this chapter is on several critical issues. First, it is critically important to determine whether hormone-refractory cells are present at initial diagnosis or 
arise during the course of hormonal therapy. This question, often phrased as adaption versus selection, is fundamental for efforts currently under way for treatment of 
the disease in the adjuvant setting. Subsequent sections address the role of the androgen receptor. As will be discussed, there is evidence to suggest that androgen 
receptor (AR)–mediated signaling remains critical to the development of HRPC. As part of our discussion on the AR pathway, we address the possible role of a family 
of proteins that interact with the AR and affect its function, called coactivators. Other possible mechanisms through which the AR might have augmented function, 
including cross-talk to other signal transduction pathways, are also addressed. In addition, there may well be mechanisms of prostate cell growth independent of AR 
signaling. In other words, are there mechanisms of androgen-independent disease that are totally independent of the AR? Finally, we review what might be gleaned 
about the evolution of the hormonally refractive state from the clinical literature and suggest other possible clinical investigations that might be informative.

EFFECT OF ANDROGEN DEPLETION IN HORMONALLY SENSITIVE CELLS

The first step in attempting to understand the pathogenesis of HRPC is to appreciate how reducing androgen levels leads to the regression of prostate cancer. After 
androgen ablation, most normal prostate epithelial cells and most cancerous prostate cells undergo a multigene-encoded suicide pathway called programmed cell 
death or apoptosis (3). There is also likely to be a population of cells that do not undergo apoptosis but instead enter into a resting state in which they do not replicate. 
These cells may be able to survive without cycling in the G0 state ( 4). Because the clinical response to androgen ablation is always finite, these cells may represent 
the precursors that repopulate the bone marrow or other metastatic sites during relapse. Although the biologic properties of these androgen-independent cells are not 
known, an important issue is to understand to what degree prostate cancer, at any stage of disease, is dependent on androgen-mediated signaling for survival. 
Prostate cancer animal models suggest that prostate cancer, fairly early in its evolution, is heterogenous and is composed of androgen-independent and 
androgen-dependent cells, despite the significant apoptosis observed after androgen withdrawal ( 5,6). What is harder to discern in humans is to what degree prostate 
cancer cells can survive the withdrawal of the androgenic stimulus. Understanding this dynamic may have important implications for therapy, but we lack a full range 
of informative cell models to better investigate the HRPC phenotype. LNCaP cells are an androgen-responsive cell line that will stop cycling after androgen removal 
(4). However, for the most part, these cells do not die and are amenable to restimulation with subsequent androgen exposure. In fact, after long-term culture in 
minimal androgen media, this cell line is paradoxically inhibited by subsequent androgen exposure ( 4). The underlying mechanism behind this adaption is not known. 
However, cells that survive AD by any means are theoretically available to repopulate metastatic, or even the prostate at later stages in the illness. Are there cells that 
are androgen-independent even before the initiation of androgen deprivation therapy? Or are there cells that are able to adapt over time to the androgen-depleted 
environment by as-yet-not-understood mechanisms? This issue has important implications for therapy. If androgen-independent cells exist within a tumor mass from 
the beginning of androgen-depleting therapy, one might expect more complete, and perhaps more durable, responses by combining androgen depletion with 
therapies directed at androgen-independent cells, such as chemotherapy. Clearly, a better understanding of the basic biologic processes wherein cells can escape 
androgen-induced inhibition would enhance our capacity to investigate this problem during various stages of the illness.

ANDROGEN RECEPTOR

Much attention has focused on the AR as a possible key mediator in the evolution to HRPC. It has been suggested that AR signaling continues to be important in 
HRPC, because patients at this stage of the disease continue to display increased PSA serum levels with progressive disease ( 7). Although there may be other 
mechanisms regulating PSA expression, as is discussed below, a functional AR seems necessary to activate PSA expression by binding to identified 
androgen-responsive elements (AREs) within the PSA promoter (8). In addition, there is evidence that the AR is consistently expressed and, as is discussed below, 
even amplified, in many cases of HRPC.

How might the AR continue to activate androgen-inducible genes in the setting of reduced levels of serum androgen? One possible mechanism is altered AR function. 
The role of AR mutations in HRPC will be discussed in detail, as interesting gain of function mutations have been isolated from clinical samples obtained from men 
with HRPC. However, it is likely that AR mutations do not contribute to the pathogenesis of a majority of cases of HRPC. Therefore, other possibilities for modulation 
of AR function in HRPC will be addressed, although in most cases there is not yet firm evidence for their importance in the clinical setting.

As discussed in Chapter 3, the AR is a member of the superfamily of receptors called steroid receptors, which includes the estrogen, progesterone, and glucocorticoid 
receptors (9,10). Included in this family are also receptors that bind vitamin D, retinoic acid, and thyroid hormone. Because this family of receptors is active in the 
nucleus, and because of their similarity of structure, they are also called the nuclear receptors. In this chapter, we refer to this family as both steroid and nuclear 



receptors.

Like its relatives, the AR has three distinct domains: a carboxy-terminal hormone-binding domain (HBD), an amino-terminal transactivation domain, and a 
DNA-binding domain located between these regions ( 9,11). Genes whose expression is stimulated by androgen are flanked by specific DNA sequences, called AREs, 
which are recognized by the DNA-binding domain of the AR ( 11). After binding of testosterone or dihydrotestosterone (DHT) to the HBD, the receptor becomes 
phosphorylated and binds to AREs as dimers, stimulating transcription of androgen-inducible genes (8,11). A number of inducible genes have been identified, 
including the PSA gene. Importantly, recent observations suggest that this set of genes is reexpressed in the hormone-refractory state in at least some of the existing 
cell lines. Current investigation, using gene-chip technology, is focusing on the array of genes expressed at different stages of disease. If it is shown that the set of 
genes expressed in progressing hormonally naïve patients is very similar to the set of genes expressed in hormone-refractory patients, then it would support the 
hypothesis that AR-mediated signaling is important in the progression to HRPC. At this point, however, it is better to consider HRPC both as AR and non-AR 
mediated, although this distinction may prove to be arbitrary.

MUTATIONS OF THE ANDROGEN RECEPTOR IN HORMONE-REFRACTORY PROSTATE CANCER

If AR expression acts to maintain the cell in an androgen-dependent state, then one possible mechanism of HRPC might be down-regulation, or loss of AR 
expression. Although some prostate cancer cell lines, such as PC3 and DU145, do not express the AR, the weight of clinical evidence suggests that the AR, although 
more heterogeneous than in hormonally naïve patients, is consistently expressed, and even overexpressed, in HRPC. As early as 1991, studies by van der Kwast et 
al. demonstrated that more than 80% of HRPC specimens demonstrated expression of the AR as detected by a monoclonal antibody to the N-terminal region ( 12). 
Hobisch et al. confirmed this in a study published in 1995, in which they demonstrated AR staining in 21 of 22 distant metastases from HRPC patients ( 13). Because 
of the inherent genetic instability of late-stage cancer, persistent expression of the AR protein suggests that it may serve a critical function in the cell. This leads to the 
possibility that there are structural changes of the AR in HRPC.

The functional importance of structural change in the AR is underscored by patients with the androgen insensitivity syndrome (AIS). In this syndrome, affected 
individuals fail to develop normal genitalia, including prostates ( 14), even in the presence of normal levels of androgenic hormones. Studies performed over the past 
several years have shown that most of these patients have mutations in the AR (14,15). Moreover, in all AIS cases studied to date, the mutation's effects have been to 
inactivate or destabilize the protein ( 14,15).

In contrast to the inactivating mutations detected in AIS, is it possible that the AR is altered in HRPC by activating mutations? Because the AR has been mapped to 
the X chromosome, the effect of a mutation should be immediately evident and dominant, as there is no allele on a sister chromosome to alter its phenotype. The 
LNCaP mutation (codon 877, threonine to alanine) is particularly interesting in that it alters AR function in such a way that it can respond to steroid hormones other 
than androgen present in castrated men (17). Therefore, treatment of this cell line with relatively low levels of estrogen and progesterone results in enhanced growth, 
even in the absence of androgen (17). With the recognition of an AR mutation in the prostate cancer cell line, LNCaP ( 16,17), it became important to search for 
mutations in the AR that might enhance or alter its function.

One of the first systematic investigations of AR structure was performed by Newmark et al. In their study of 24 primary prostate specimens obtained before hormonal 
therapy, a point mutation in a tumor from one patient was detected ( 18). This mutation in codon 730 (GTG to ATG, valine to methionine), was detected in a minority of 
the cells, and the possible functional significance of this mutation was not determined. In contrast, Ruizeveld de Winter et al. did not detect any AR mutations in their 
study of 18 HRPC specimens, most of which were obtained from the prostate gland (19). These data suggested that AR mutations in prostate cancer are uncommon, 
at least before hormonal therapy or from the prostate, compared to metastases.

Supporting the hypothesis that AR mutations might be selected for by the hormone-refractory state or in metastatic sites, the first mutation with possible clinical and 
functional significance was isolated from a metastatic specimen from a patient with HRPC. This mutation, at codon 715 in the hormone-binding domain (GTG to ATG, 
valine to methionine), enhanced the sensitivity of the AR to androstenedione, an adrenal androgen, and progesterone in vitro (20). Taplin, working with our group, 
detected AR mutations in five of ten HRPC patients, focusing exclusively on tissue obtained from metastatic sites (primarily bone marrow) ( 21). One of these 
mutations was in the same codon as the LNCaP mutation but resulted in a different amino acid change (threonine to serine). The other mutations detected were 
located at codon 874 (histidine to tyrosine), 902 (glutamine to arginine), and 721 (alanine to tyrosine). Another patient had four separate mutations ( 21). All of these 
mutations were within the hormone-binding domain of the receptor. Two of these mutations (at codons 874 and 877) displayed an altered sensitivity to other steroid 
hormones, such as estrogen, progesterone, or androstenedione ( Fig. 6-1) (21,22). One of the mutations, at codon 874, was later detected in a prostate cancer human 
xenograft propagated in immunodeficient mice (CWR22) ( 23). Suzuki et al. searched for AR mutations in both hormonally sensitive and resistant patients. They did 
not detect mutations in seven cases of hormonally sensitive disease but did detect AR mutations from patients with HRPC. In one case, disease from the primary site 
contained a mutation at codon 701 (threonine to alanine), and a mutation from a metastatic site in the same patient contained the LNCaP mutation ( 24). In fact, the 
LNCaP mutation was also detected in metastatic sites in two of the other 22 patients with HRPC investigated ( 24). Importantly, two of these three patients 
demonstrated a flutamide withdrawal response. As is discussed below, the clinical observation regarding the effects of discontinuing flutamide are of great interest, 
because some of the AR mutations, like the LNCaP mutation, can be activated by flutamide in vitro.

FIGURE 6-1. Functional analysis of androgen receptor mutations. Wild-type or mutant androgen receptors were transiently expressed in CV-1 cells with a luciferase 
reporter gene and various concentrations of progesterone (A) or estradiol (B). The luciferase activity [expressed in relative light units (RLU)] was normalized for beta 
galactosidase activity to yield a standardized RLU. The maximal responses to androgen (5-alpha-dihydrotestosterone) for each androgen receptor averaged 
approximately 2,200,000 RLU for the wild-type androgen receptor, 1,500,000 RLU for the 874 mutant receptor, and 800,000 for the 877 mutant in three experiments. 
Determinations were performed in triplicate, and the mean (± standard error) results of a representative experiment are shown. (From Taplin ME, Bubley GJ, Shuster 
TD, et al. Mutation of the androgen-receptor gene in metastatic androgen-independent prostate cancer. N Engl J Med 1995;332:1393–1398, with permission.)

It should be noted that the functional effect of mutations, such as the one described at codon 715, have been investigated predominantly in nonprostate cancer cell 
lines using transient transfection assays. In this assay, expression plasmids containing mutant ARs are cotransfected cells with a reporter gene under the control of 
an androgen-responsive element (20,21 and 22). After transfection into cells that do not express an endogenous AR, AR-mediated signaling is assayed immediately 
as a readout from the reporter gene (20,21 and 22). Although the experiments are well controlled, the effects of other factors that may be specific to prostate cancer 
cells are not assessable.

The detection of mutations in metastases from HRPC patients, as well as their gain of function phenotype, would seem to present an organized picture regarding their 
pathogenesis and clinical importance. But Tilley and his colleagues detected AR mutations in 11 of 25 cases of prostate cancer from untreated patients, suggesting 
that AR mutations are not as obviously important in the evolution of HRPC ( 25). Interestingly, the mutations they detected were not confined to the HBD of the AR. 
Although data regarding their activation in vitro was not provided, one mutation, at codon 794, is almost certainly inactivating, as it was also reported in a patient with 
complete AIS (25).

The importance of AR mutations to the evolution of HRPC might also differ in patients from different populations. Takahashi et al. investigated AR mutations in 
Japanese and American men. The incidence of clinical prostate cancer is much less prevalent in Japan, although the incidence of latent disease seems to be roughly 



equivalent (26). This group, therefore, analyzed disease samples obtained from both latent and clinically evident prostate cancer in both populations. They detected 
AR mutations only in Japanese men. Importantly, many of these AR mutations exhibited premature stop codons consistent with an inactivated receptor. These data 
suggested that one reason that latent disease might not progress to clinical disease in Japanese men is inactivating AR mutations, instead of the gain of function 
mutations that are sometimes demonstrated in HRPC.

The prevalence and potential clinical significance of AR mutations in the pathogenesis of HRPC are not immediately obvious. As discussed earlier, the frequency and 
kind of AR mutations may differ as a function of sampling the primary site versus metastasis, from sampling hormone- sensitive versus hormone-refractory disease, or 
even from sampling latent versus clinically apparent prostate cancer. Another factor that needs to be taken into consideration is the method used to detect these 
mutations. For instance, our group used reverse transcriptase polymerase chain reaction (RT-PCR) to amplify the AR, and then sequenced individual clones ( 21,22). 
Mutations were only confirmed as authentic, and not as a polymerase chain reaction (PCR) artifact, when a separate amplification was performed and the same 
mutation was detected. Furthermore, that these represented somatic and not germ line mutations was confirmed by analyzing the white cell DNA from the patient in 
question. Many other investigators used different techniques, such as single-stranded conformational polymorphism analysis. Tilley and colleagues carefully selected 
areas of analysis that demonstrated differential staining for AR expression between N- and c-terminal antibodies. They reasoned that these regions might more likely 
demonstrate structural changes in the AR. This very careful analysis, and careful selection of tissue sites, may have resulted in the higher mutation rate they found 
relative to other studies. Our group determined that a critical factor as to whether AR mutations could be detected from clinical samples is the hormonal environment 
of the patient at the time the sample is obtained. For instance, studies from our group suggest that AR mutations are detected most frequently from patients treated 
with long-term flutamide (27). This suggests that specific AR mutations can be selected among a population of prostate cancer cells. It makes sense that these cells 
might have a growth advantage, as flutamide is a strong agonist for cells harboring these mutations ( 22,27). This observation underscores the importance of 
attempting to understand the phenotype of the AR mutation. Given the paradigm for HRPC discussed so far in this chapter, AR mutations with a gain of function 
phenotype would be expected to be more critical to the acquisition of HRPC than inactivating mutations.

Chapter 3 in this book explores altered structure of the transactivation domain of the AR, particularly with respect to glutamine or glycine repeats in exon one of this 
gene. An alteration in the number of these repeat amino acids has an effect of AR function ( 28). Differences in repeat length have been demonstrated only in the germ 
line, and not in the affected tissue. Therefore, because this is thought to be a stable germ line mutation present in all the patient's prostate cancer cells, it is less likely 
to be a factor, per se, in the pathogenesis of HRPC. However, as shorter transactivating domains may make cells more sensitive to androgen signaling, it might affect 
the aggressiveness of the disease.

In summary, the significance of AR mutations to the pathogenesis of HRPC is not yet fully understood. However, the weight of evidence to date suggests that AR 
mutations play a role in only a minority of cases of HRPC, many of which might be the result of long-term flutamide administration.

Increased Expression of the Androgen Receptor in Hormone-Refractory Prostate Cancer

An intriguing clue regarding the evolution of HRPC is the consistent expression, and frequently apparent overexpression, of the AR observed in prostate cancer 
specimens obtained after AD therapy. Although AR expression can sometimes be heterogenous within the tumor tissue, immunohistochemical analysis has often 
demonstrated bright staining consistent with overexpression ( 12,13,29). One mechanism of increased protein expression is gene amplification, or an increase in gene 
copy number. Amplification is a well-known mechanism of resistance to chemotherapeutic agents in cancer therapy. For instance, cells treated in vitro with 
methotrexate over repeated passages often demonstrate a manyfold increase in copies of dihydrofolate reductase (DHFR) gene, the protein product of which can 
reverse methotrexate resistance. In cells, DHFR amplification can be visualized as expanded region within the chromosome in the location of the DHFR gene or as 
small fragments of DNA called double minutes (30).

Could AR amplification contribute to the evolution of HRPC? In other words, can the prostate cancer cell compensate for decreased levels of AR ligand by increasing 
AR expression? Using fluorescent in situ hybridization and other techniques, two groups have separately demonstrated AR amplification in approximately 30% of 
samples obtained from patients with HRPC (31,32). In contrast, AR amplification is only rarely observed in prostate cancer before hormonal therapy ( 31,32). 
Furthermore, amplification is more likely to occur in patients who have responded to androgen ablation for more than 12 months, suggesting that AR amplification is 
selected for over a relatively longer period of time in a setting of low levels of androgen. These observations may be important clues to the pathogenesis of HRPC. 
Furthermore, although amplification is observed only in a minority of HRPC cases, it should be noted that this mechanism is only one of a number of methods of 
increased gene expression. Therefore, it is quite possible that the frequency of AR amplification actually underestimates the degree of increased AR expression.

How might increased AR expression mediate disease progression after AD? There are a number of possibilities for investigation. For instance, increased AR 
expression might alter its association with other proteins that regulate the AR's localization and function within the cell (as below). Increased AR expression might also 
result in sufficient ligand binding, even in the setting of low levels of androgenic hormones, as is expected in the serum of men treated with AD therapy. Although 
there are many theoretical possibilities, an obvious explanation of how increased AR expression might result in the evolution of hormone refractory disease is not 
immediately obvious. In in vitro cell transfection experiments, hormonal independence is not established by simply increasing the amount of AR protein within the 
transfected cell. Also, targeting the AR in HRPC patients, using even high doses of existing antiandrogens such as bicalutamide, has not been associated with a very 
high response rate.

Androgen Receptor Interaction with Chaperone Proteins

It is generally believed that under normal conditions the AR undergoes a conformational alteration after binding to testosterone or DHT. This conformational change 
may have multiple effects in making the AR more available to affect downstream gene regulation ( 11). For instance, this conformational change may permit the 
release of AR from proteins that sequester it in a nonactive state. This group of proteins, called heat shock proteins (hsps), are known to bind to other steroid 
hormone receptors such as the glucocorticoid receptor (GR) ( 32,33 and 34). In the unbound state, GR is complexed to hsps in the cytoplasm. After binding 
glucocorticoid, the receptor undergoes a conformational change, permitting an alteration in its interaction with hsps such that it can translocate to the nucleus and 
bind to DNA response elements (32,33,34 and 35).

Is it possible that an alteration in the interaction between the AR and the hsp complex might be important in the progression to HRPC? Interesting in vitro experiments 
demonstrate that a deletion of a portion of the HBD of the AR results in a receptor that is constitutively active—that is, active in the absence of any steroid hormone or 
known ligands (11). The molecular basis for this is not known with certainty, although this deletion in the HBD results in an altered association with the hsp complex. 
Lack of a normal interaction with hsps might permit the AR to be free of the chaperoning effects of the hsps, possibly permitting translocation to the nucleus, and 
binding to DNA in the absence of ligand. However, large deletions have not been observed in clinical specimens from patients with HRPC. It is also possible that 
critical mutations in specific hsps could be selected during the evolution of HRPC, although these have also not been detected in clinical samples obtained from 
patients with HRPC. Increased AR expression, perhaps resulting from gene amplification, might also lead to an alteration in the AR's association with the hsp 
complex. These possibilities provide intriguing avenues for further investigation.

Coactivators and Co-Repressors of the Androgen Receptors in Hormone-Refractory Prostate Cancer

Nuclear or steroid receptors, such as the AR, interact with a number of other proteins that alter their function, often termed coactivators or co-repressors. This group 
of proteins has the capacity to alter nuclear receptor activity, either enhancing (coactivator) or diminishing (corepressor) the function of the receptor ( 36,37 and 38).

Nuclear receptor modifying proteins have been identified through multiple methods. One of the more productive techniques is termed yeast two-hybrid screening (39). 
In this technique, a portion of a steroid receptor, such as the AR hormone-binding domain, is used as bait to search for proteins that interact with it in yeast. Although 
several AR-interacting proteins have been identified by this methodology, the challenge arises in attempting to understand the role these proteins may play in the 
development of prostate cancer or HRPC.

An important feature of many of the coactivators that have been identified thus far is that they can directly or indirectly trigger histone acetyl transferase activity 
(37,40). This activity alters chromatin formation, making it more amenable to transcription factors. Many coactivators, such as SRC-1 (steroid receptor coactivator) 
(41), also have the capacity to interact with a key cellular protein termed CBP/p300, which also remodels chromatin and recruits other transcription factors ( 40,41). As 
is often the case in biology, there is a class of steroid modifying proteins that have an opposite effect on transcription ( 38,42). This class, called co-repressors, has 
been best studied for its interaction with the thyroid hormone receptor, another member of the steroid and nuclear receptor family.

A study of how coactivators interact with steroid receptors has yielded interesting insights into their function, particularly for the estrogen receptor (ER). Many 



coactivators interact with specific amino acid sequences in the hormone-binding domain of steroid receptors. For the ER, this is called the activator function (AF) 2 
domain (36). Moreover, some of the family members of coactivators share a common amino acid motif (LLXXL) important for interaction with the steroid receptors, 
where the Ls stand for leucine and the X is any amino acid. This region of the modifying protein seems critical for direct binding to the nuclear receptor. Estrogen 
antagonists, such as tamoxifen, alter the position of critical protein residues in the AF2 region, which thereby alter the interaction with coactivators ( 36).

Is it possible that increased expression of a coactivator (or decreased expression of a corepressor) could play a role in the evolution of prostate cancer to HRPC? The 
steroid receptor–coactivator interaction certainly provides a possible mechanism for HRPC. However, firm evidence of their importance to the progression of HRPC 
does not yet exist. It would be important to determine whether coactivators exist that are relatively specific for the AR. It would also be important to ascertain whether 
a specific coactivator or corepressor altered AR substrate specificity or affinity. Finally, it would be interesting to detect an alteration in structure, function, or 
expression of the coactivator or corepressor during the evolution of HRPC.

Although most of the coactivators identified thus far are not specific for any nuclear receptor, Yeh and colleagues have identified coactivators that may be relatively 
specific to the AR. One, called ARA70, has some of the properties of a coactivator that may be involved in the evolution to HRPC ( 43,44). First, expression of ARA70 
in vitro can enhance AR activity. Also, a number of antiandrogens, such as hydroxyflutamide and bicalutamide, seem to promote the interaction of ARA70 and AR, 
perhaps accounting for the partial agonist properties these antiandrogens exhibit in vitro. Also in vitro, in the setting of ARA70 overexpression, estradiol can act as a 
potent ligand for the AR (43,44). Although these data make it very important to determine whether during the progression to HRPC, ARA70 or a similar coactivator is 
altered or overexpressed, altered expression or function of coactivators or co-repressors has not been detected in prostate cancer samples obtained from HRPC 
patients. However, this is a difficult problem to investigate in patient samples because of a lack of available antibodies or other methods to assess expression and 
function in sampled tumor. Currently, the role of coactivators or co-repressors to the evolution of HRPC deserves to be actively investigated, but its significance is not 
known.

GROWTH FACTORS AND PROSTATE CANCER PROGRESSION

Growth factors, such as epidermal growth factors (EGFs) and platelet-derived growth factors, are small molecules that have been shown to be important for the 
growth and development of cancer. In the case of prostate cancer, epidemiologic evidence has shown that increases in one growth factor, insulinlike growth factor 1 
(IGF-1), are associated with an increased risk of prostate cancer ( 45). Growth factors bind to specific growth factor receptors on the cell membrane. After binding to 
their cognate growth factor, the growth factor receptor is activated through phosphorylation in its tyrosine kinase domain and initiates a signaling cascade critical to 
cell growth, death, or differentiation. The biology of the large family of growth factor receptors, often called receptor protein tyrosine kinases (RPTKs), is of great 
interest for those interested in cancer treatment because of the recent availability of many highly specific, high-affinity antagonists of this family of receptors.

In general, there are two types of growth factor signaling pathways. The autocrine stimulatory pattern is one in which the cell makes both the growth factor and the 
ligand. The paracrine model is one in which surrounding cells provide crucial growth factors to the cancer cell. Both models are likely to contribute to the progression 
of prostate cancer. For instance, one group demonstrated that prostate cancer cells express both the EGF receptor and its cognate ligand, transforming growth factor 
alpha (46). This autocrine loop is not detected in normal prostatic epithelium. On the other hand, it is believed that the paracrine model of growth factor stimulation is 
also likely to be important for the progression of prostate cancer. Evidence of possible paracrine stimulation in prostate cancer progression comes from the 
observation that prostate cancer is very often admixed with stroma, both in the gland and at metastatic sites. It is possible that adjacent stroma produces necessary 
growth factors critical for the survival of the tumor. For instance, an important growth factor for prostate development is keratinocyte growth factor (KGF). KGF is 
produced in the stroma in response to androgen stimulation, and normal prostatic epithelial cells express the KGF receptor ( 47). Transforming growth factor beta 
normally has a negative effect on cell growth. However, one group discovered that this growth factor might paradoxically promote prostate cancer tumorigenicity ( 48). 
These basic observations, coupled with the known propensity for prostate cancer growth to be dependent on surrounding cell stroma, suggest mechanisms through 
which growth factor and receptor alterations might affect the progression of HRPC.

There have been some important experiments that suggest a role for growth factor signaling in the progression of prostate cancer. A critical observation is that 
activation of specific growth factor pathways in vitro can enhance AR activity, even in the absence of androgens. These observations connect pathways known to be 
important for cancer progression to AR function. For instance, it has been demonstrated that stimulation of LNCaP cells with KGF, EGF, or IGF-1 results in enhanced 
cell growth and PSA secretion independent of androgen ( 49). Importantly, in the LNCaP example, this effect is blocked by the antiandrogen bicalutamide, suggesting 
that the interaction must occur through the AR (49). Physiologic coupling between nuclear, steroid, and growth factor receptor families is also demonstrated by the 
example of mice in which the ER has been eradicated (ER knockout mice) ( 50). The normal effects of EGF stimulation in these animals, such as induction of the 
progesterone receptor, are not observed in animals lacking ER expression ( 50). Cross-talk between steroid receptors and the RPTK-induced pathways has also been 
demonstrated by experiments in which DHT treatment of AR-transfected PC3 cells results in enhanced EGF receptor expression ( 51).

The effect of tyrosine kinase growth factor stimulation and the progression of advanced prostate cancer has been investigated by Sawyers and his colleagues ( 52). 
This group demonstrated that increased expression of the Her2/neu growth factor receptor, a member of the EGF receptor family, resulted in enhanced activity of the 
AR, even in the absence of androgen stimulation ( 52). In this case, a direct physical interaction between the AR and the Her2/neu receptor appeared to activate the 
AR. This, of course, leads to the question of whether inhibition of the Her2/neu receptor with herceptin, an antibody directed against Her2/neu, would be effective 
therapy in prostate cancer therapy. Furthermore, hormone refractory disease may overexpress the Her2/neu receptor. These observations provide interesting 
hypotheses for the evolution of HRPC that are readily testable in the clinical setting.

Cross-talk between other signaling pathways and AR activation has also been demonstrated for other protein kinases. For instance, both the protein kinase A and 
protein kinase C pathways have been shown to alter AR signaling in vitro (53,54).

It is not known with certainty how alterations in specific signal transduction pathways affect AR function. Proteins that are kinases cause phosphorylation at specific 
sites in target proteins. Mitogen-activated protein (MAP) kinase, a key protein in signal transduction in the mitogen-activated pathway, is known to be activated by 
several growth factors. Abreu-Martin and colleagues have also shown that one of the signal-transduction proteins in the MAP kinase cascade, called 
mitogen-activated protein kinase kinase kinase 1, when activated, stimulates transcriptional activity of the AR ( 55). Importantly, MAP kinases have been shown to also 
phosphorylate the ER and stimulate transcription. In the case of ER-beta, phosphorylation of specific residues within the AF1 domain leads to an enhancement of 
coactivator recruitment (56). Although there are some conflicting data regarding the role receptor phosphorylation plays in AR function, one report has demonstrated a 
role for AR phosphorylation in agonist and antagonist activity ( 57).

These data are very intriguing in that there is at least the conceptual possibility that alterations in growth factor signaling can directly or indirectly affect AR function. If 
it is demonstrated that altered expression of a specific growth factor receptor occurs during the evolution of HRPC, it will also provide a rationale for antigrowth factor 
strategies.

OTHER STEROID AND NUCLEAR RECEPTORS IN HORMONE-REFRACTORY PROSTATE CANCER

Although much of the discussion in this chapter has been on the AR and other proteins that affect AR function, it is entirely possible that other steroid and nuclear 
receptors might play a role in mediating progression to the hormone-refractory state. There are a host of other nuclear and steroid receptors that are expressed in 
prostate cancer epithelium. In fact, the full spectrum of nuclear and steroid receptors in either normal prostate epithelium or prostate cancer is not known. Although 
there is no data showing consistent activation of a specific nuclear receptor with the progression of prostate cancer, both laboratory and clinical data have 
demonstrated that treatment with ligands specific for a number of nuclear receptors can affect prostate cancer biology. In this section of this chapter, we describe 
some of the examples of how targeting these receptors has led to a therapeutic advantage in the treatment of a minority of cases of HRPC. These clinical 
observations, however few, provide the beginning of an insight into the role other specific nuclear and steroid hormone receptors might play in the evolution of HRPC.

Targeting specific nuclear and steroid receptors other than AR and ER has been useful in the treatment of other solid tumors and leukemias. In the treatment of acute 
promyelocytic leukemia, targeting the retinoic acid receptor alpha with a specific ligand, all- trans-retinoic acid, a retinoid, has been demonstrated to be an integral 
component of therapy (58). Treatment with retinoids has also been useful in the treatment of head and neck cancer ( 59). In many cases, this type of therapy is thought 
to induce cell differentiation rather than a cytotoxic response.

Retinoids have also been used in the treatment of prostate cancer. For instance, treatment with a retinoid analog, called fenretinide, has been shown to result in 
apoptosis of prostate cancer cells in vitro (60). Other nuclear receptors have been targeted as well. For instance, investigators demonstrated that the peroxisome 
proliferator–induced receptor gamma is expressed not only in fat cells, where it is known to play a critical role in differentiation, but also in prostate cancer ( 61,62). 



Thiazolidinedione is a ligand specific for peroxisome proliferator–induced receptor gamma that is in clinical use as an antidiabetic agent. Treatment of prostate cancer 
cells in vitro led to a reduction in PSA expression by LNCaP cells and a reduction in growth for both this cell line and another prostate cancer cell line, PC3 ( 62). 
Current clinical trials using analogs of vitamin D, a ligand for the vitamin D nuclear receptor, have already shown that these agents may be active in HRPC ( 63).

The fact that there is some activity for these agents in the context of HRPC does not, of course, implicate these receptor pathways in the pathogenesis of HRPC. Can 
receptors other than the AR promulgate consistent PSA expression in prostate cancer cells? Is it possible that another nuclear receptor can bind and activate 
upstream regions that are normally bound and activated by AR, thus explaining the consistent secretion of PSA in HRPC? In general, the known nuclear receptors 
have relatively specific DNA-binding consensus regions, so that it is unlikely that other receptors would have potential binding capacity at AREs. For instance, 
although the AR consensus DNA-binding sequence is very similar to that of the glucocorticoid receptor, it is not known whether GR can bind in vivo. Because of its 
potential for clinical translation, this area of prostate cancer biology is under intense investigation by several laboratories.

The receptors for the ligands discussed are associated with a complex biology. In some cases, such as for retinoid and vitamin D, the receptors can bind as 
heterodimers with other specific members of the nuclear receptor family (9,10). In some cases, nuclear receptors in the retinoid family can bind as heterodimers to 
nuclear receptors without known ligands, called orphan receptors (64). Like other solid tumors, prostate cancer expresses a number of orphan receptors. An 
impediment to understanding the role of nuclear receptors in prostate cancer progression is the complexity of the system. Investigators into this field are faced with a 
great number of nuclear receptors, many of which function as heterodimers and many of which do not have specific ligands.

ANDROGEN RECEPTOR–INDEPENDENT PROGRESSION TO HORMONE-REFRACTORY PROSTATE CANCER AND CELL-CYCLE 
PROTEIN ALTERATIONS

Prostate cancer is similar to other solid tumor malignancies in that, with the progression of disease, there are multiple genetic alterations, including the acquisition of 
oncogenes and loss of tumor suppressor genes. In theory, any of these changes might mediate the progression to HRPC, completely independent of AR signaling or 
function. The challenge in prostate and other cancers is first to determine whether genetic alterations are specific to a stage in the illness, and then, even more 
important, to understand its biologic consequences. What are the genetic alterations observed with the progression to HRPC? Is it possible that some of these 
mediate progression independent of the AR or other nuclear and steroid receptors? Does the genetic database provide any clues for the alteration in expression of 
specific genes?

One approach to determining the spectrum of genes expressed with the progression to HRPC is to assess which genes are amplified. In one study, the myc oncogene 
was amplified in approximately 10% of cases in refractory stages, but only rarely in hormone-sensitive disease ( 32). This is of interest, as this gene product is involved 
in cell growth and cell division. Myc acts in the nucleus, and its overexpression is a possible method of altered gene expression, independent of signal transduction 
enzymes involved in amplifying signals from the cell surface or cytoplasm.

Another approach to assessing which gene products might be important in mediating the progression to HRPC is to determine whether any are capable of converting 
an androgen-dependent line to an androgen-independent cell line. Androgen-dependent LNCaP cells can be made androgen-independent cells by transfection of the 
oncogene-activated Ras (65). In the case of Ras, it is possible that the effects are through pathways similar to those involved with expression through RPTKs. 
Activation of Ras can induce signal transduction through pathways similar to those induced by RPTK stimulation, including possible activation of a key signal 
transduction intermediate, phosphatidylinositol 3'-kinase (PI3K). Activation of PI3K is pivotal to critical pathways involving cell growth, differentiation, and apoptosis. 
This is of great interest in prostate cancer in that, in later stages, a tumor suppressor called PTEN is frequently lost ( 66). The PTEN gene product encodes a 
phosphatidylinositol phosphatase that antagonizes activation of PI3K ( 67). Loss of PTEN function in a cell may, therefore, lead to maintenance of PI3K in a chronically 
activated state.

Progression to HRPC may also involve alterations in critical cell-cycle regulatory proteins. Detection of alterations in this group of proteins would be very interesting, 
as control of cell cycle is critical to cancer in general and would be expected to be important in the pathogenesis of HRPC. Therefore, there has been much 
investigation into alterations of some of these proteins, such as the cyclin-dependent kinase inhibitor p27 kip1 (68,69). Although there are many studies focusing on 
expression of some of these proteins increasing Gleason grade, there has been a paucity of studies analyzing expression with the progression of disease into HRPC. 
This is partly because it is very difficult to obtain and analyze metastatic deposits from patients with HRPC. Also, quite interestingly, some key cell-cycle regulatory 
proteins are directly or indirectly altered by androgens in prostate cancer cells. For instance, D-type cyclins (cyclins D1, D2, and D3) may complex with the AR and 
inhibit its transcriptional ability ( 70). This is something of a surprise because, when cyclin D1 binds the ER, it may activate its transcriptional capacity, even in the 
absence of estrogen.

There may be other alterations involving the evolution of prostate cancer to the hormone refractory state that are related to loss of the normal control for cell death. 
Very interestingly, increased expression of the antiapoptotic gene, Bcl-2, leads to androgen independence on LNCaP cells ( 71). Here again, however, rather than 
being totally independent of the AR pathway, there is an inverse relationship between Bcl-2 and AR expression in normal prostate epithelium.

Undoubtedly, changes in cell-cycle and cell-survival proteins are important for cell growth and survival in HRPC. The challenge is to determine, if possible, which 
change is integral, and which change precedes others in these pathways. Beyond investigation of human tissue and the few established cell lines, there are important 
insights to be learned from animal models of HRPC.

ANIMAL MODELS OF HORMONE-REFRACTORY PROSTATE CANCER

The development of cell culture and animal models is critically important to advancing our understanding of HRPC. The appropriate animal model would mimic 
progression in human disease. Metastases would be primarily to bone, express the AR, respond initially to androgen ablation, and recur at some later time point. 
Furthermore, the best HRPC models would be relatively refractory to antiandrogens, such as bicalutamide, as is typical of the human disease after androgen ablation.

Although an optimal animal model is not yet available, the TRAMP model of Greenberg, in which the SV40 T antigen is expressed in specific regions of the mouse 
prostate, possesses some very useful properties (72,73). The tumor can metastasize. It also often regresses after castration, only to recur eventually in castrate 
animals. However, because the gene responsible for inducing the SV40 T antigen is androgen regulated, regression with castration may be less significant. Still, the 
model may impart important biologic insights into HRPC. For instance, the IGF-1 receptor is expressed in the hormone-dependent primary disease in these animals, 
but not in the androgen-independent recurrence ( 73). Our group has also observed this phenomenon in metastatic samples derived from HRPC patients ( 74). Another 
animal model that shows promise has been developed by Klein and colleagues, in which they have had propagated samples from patients with HRPC in 
immune-deficient mice (75).

The propagation of cell lines under androgen-depleted conditions is another approach to understanding the evolution of prostate cancer. As discussed earlier, the 
LNCaP cell line after long-term growth in the absence of androgens is paradoxically inhibited by androgen reexposure. Wainstein and colleagues developed a line 
called CWR22 that can be propagated in an androgen-dependent fashion in animals and as an androgen-independent line in vitro (76). This cell line may yield 
insights into the problem of progression after androgen ablation. The Dunning rat model has also been of use in this regard. Androgen-dependent and -independent 
lines have been derived, but it is not known how closely they mimic the human disease. In contrast, the study of human prostate cancer cell lines, such as DU145 and 
PC3, is less useful. These lines do not permit us to study the evolution to HRPC, as they do not express the AR.

INSIGHT FROM CLINICAL STUDIES ON THE MECHANISM OF HORMONE-REFRACTORY PROSTATE CANCER

The persistence of AR and PSA expression in HRPC would suggest that this disease is still potentially dependent on AR stimulation. Yet second-line hormonal 
therapies are, in general, much less effective in prostate cancer when compared to breast cancer, leading to the designation of the disease as hormone refractory 
after primary androgen ablative therapy. A discussion of secondary hormonal therapies is provided in Chapter 43. In this chapter we will examine what might be 
learned regarding the evolution of HRPC from some of the clinical trials performed at this stage of the illness.

The flutamide-withdrawal response is defined as a PSA decline, and often as a clinical benefit, after the discontinuation of flutamide in HRPC patients ( 77). This 
response occurs in 40% to 50% of patients on long-term flutamide. Much of the evidence suggests that this is the result of AR mutations, for which flutamide functions 
paradoxically as an agonist. For instance, our group has shown that AR mutations are more likely to be detected from patients on long-term flutamide, suggesting that 
there is a long-term drug therapy resulting in positive selection pressure. Also, we and others have shown that these mutants are often paradoxically stimulated by 
flutamide in vitro, but not by bicalutamide. These data suggested that high-dose bicalutamide might be effective for patients with HRPC. In fact, two separate clinical 



trials, one performed by the author's group and another by Scher and his colleagues, demonstrated very similar outcomes ( 78,79). In both studies, bicalutamide 
responses were predominantly restricted to HRPC patients who previously had been treated with long-term flutamide as part of their androgen-ablative regimens. 
HRPC patients who had not been treated with flutamide had a very low response rate ( 79). These data indicated that prior hormone therapy changed the response 
rate to subsequent hormonal agents. One method of explaining this phenotype is that patients treated with flutamide developed AR mutations that could be inhibited 
by bicalutamide. Experiments performed by Taplin et al. seemed to confirm this, in that many of the patients responding to bicalutamide had AR mutations, for which 
flutamide is an agonist (27). In contrast, only rare AR mutations were detected from patients treated with LHRH analogs or orchiectomy alone, and these could not be 
stimulated by flutamide.

Hormone withdrawal responses have also been observed after discontinuing other antiandrogens, such as bicalutamide, but to date mutations for which this 
antiandrogen is an agonist have not been detected. In fact, withdrawal responses have been observed even after discontinuation of other agents that are not even 
antiandrogens, such as megestrol acetate (megace). Understanding the molecular basis of withdrawal responses, even though of limited duration clinically, may 
improve our knowledge of the evolution of HRPC. Are these responses the result of AR mutations, and if so, what does it teach us about the structure-function 
relationship for this receptor? Alternatively, are these responses mediated by other mechanisms? For instance, is it possible that withdrawal responses, in some 
cases, are the result of interaction of an antiandrogen with the AR and a coactivator, as might be expected from the phenotype induced by overexpression of ARA70?

AR amplification and mutation suggest that androgens synthesized by the adrenal gland are a potential source of ligand in HRPC. Might these hormones become a 
source for stimulating prostate cancer cells having these phenotypes? The hypothalamic-pituitary-adrenal axis, predominantly under the influence of ACTH, is largely 
intact in orchiectomized patients and in patients treated with LHRH analogs. Therefore, adrenal androgens such as dehydroepiandrosterone, dehydroepiandrosterone 
sulfate, and androstenedione may provide a direct source of stimulation or become converted to testosterone or dihydrotestosterone. To test this hypothesis, agents 
that effectively reduce adrenal cortex hormonal production have been used. But, as reviewed by Dawson in Chapter 43, only occasional responses to a “medical 
adrenalectomy” with aminoglutethimide have been observed (80). This suggests that, for most patients, these hormones are not sufficient alone to propagate HRPC. 
Even for the responders to adrenal hormone inhibition, the picture is not clear. Agents that reduce adrenal hormone synthesis, such as aminoglutethimide and 
ketoconazole, require the coadministration of glucocorticoids, and these alone induce responses in a minority of HRPC patients. The molecular basis of response to 
glucocorticoids in HRPC is not known, but this might be mediated by feedback inhibition, causing a lowering of adrenal cortical hormone production. In one study, 8 of 
15 patients had PSA reductions by greater than 50% on only replacement doses of hydrocortisone ( 81).

CONCLUSION

Obviously, one of the more important problems facing prostate cancer patients is the progression of the disease to the hormone-refractory state. This chapter raises 
more questions than it answers, but hopefully provides some meaningful directions. It is the bias of the author that AR signaling will prove to be an important feature 
of HRPC. This might be the result of altered structure or expression of the AR, altered interaction with coactivating or co-repressing proteins, or of cross-talk with 
other signal transduction pathways, such as those involved from growth factor receptors. However, it is also quite possible that there are other pathways involved with 
progression to the hormone-refractory state that are totally independent of the AR.

It is clear that this area of prostate cancer biology is fruitful for investigation. It would be useful to inactivate the AR by a dominant-negative or antisense approach. 
But, to do these experiments, we need better preclinical models of HRPC. Finally, it will be important to confirm findings and find leads from clinical specimens. As 
frequently as possible, we need to obtain tissue specimens from patients at different stages of prostate cancer. This will permit an evaluation of molecular pathways 
important for progression.

Finally, students of prostate cancer biology might be at first glance quite surprised by the lack of basic understanding we currently have on mechanisms of HRPC. 
However, in this we are not alone. We can closely observe the progress made by our colleagues investigating the molecular basis of tamoxifen resistance in breast 
cancer. In fact, there may be important insights into the pathogenesis of HRPC as a result of discoveries made in hormone-refractory breast cancer. Overall, these 
two cancer problems, both critical to relieving suffering for so many cancer patients, are at relatively the same stage of understanding of hormonal progression.
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INTRODUCTION

Prostate cancer has become one of the leading cancers diagnosed in men in the United States and a major cause of cancer mortality ( 1). Fortunately, over the past 
two decades, new strategies for early detection of prostate cancer, featuring blood testing for prostate-specific antigen (PSA) and systematic prostate biopsies, have 
increased the fraction of prostate cancer cases that can be approached with curative intent using surgery or radiation therapy ( 2,3,4 and 5). Unfortunately, although 
systemic treatment for advanced prostate cancer has also improved, men with prostate cancer metastases at the time of prostate cancer diagnosis, or with prostate 
cancer metastases at the time of recurrence after surgery or radiation therapy, currently cannot be cured with systemic therapy ( 6,7,8 and 9). Most of these men die 
with progressive prostate cancer. Also, even though many men with localized prostate cancer enjoy long-term cancer-free survival after surgery or radiation therapy, 
side effects of such curative treatment frequently include erectile dysfunction and urinary incontinence ( 10,11 and 12). For these reasons, new strategies for prostate 
cancer prevention are needed.

EPIDEMIOLOGY OF PROSTATE CANCER

Prostate cancer incidence and mortality vary greatly in different geographic regions, with generally high risks of prostate cancer development characteristic of the 
United States and Western Europe and generally low risks of prostate cancer development characteristic of Asia ( 13,14,15,16 and 17). Although genetic factors likely 
play a significant role in the pathogenesis of life-threatening prostate cancer, environmental factors are probably the dominant influence that account for geographic 
differences in prostate cancer incidence and mortality. Migrants from low-risk regions to high-risk regions typically adopt a higher prostate cancer risk within one 
generation. For example, although Asian immigrants to the United States display a prostate cancer risk approximately one-half that of white men in the United States, 
prostate cancer risk among ethnic Asian men appears to increase with duration of exposure to a Western lifestyle: Asian immigrants to North America have a higher 
risk of prostate cancer after living in North America for more than 25 years than after living in North America for less than 10 years ( 18). Asian men born in the United 
States have a risk for life-threatening prostate cancer development similar to white men. These ecologic epidemiology observations underscore the critical role for 
environmental factors in fostering the epidemic of prostate cancer afflicting men in the United States.

The major environmental exposure modulating prostate cancer risk is likely diet. Clearly, stereotypical Asian diets are quite different from stereotypical Western diets. 
In addition, case-control epidemiology studies have implicated dietary components, such as animal fats, charred meats, and others, as candidate factors increasing 
prostate cancer risk, and vitamins, fruits and vegetables, and others as candidate factors decreasing prostate cancer risk ( 18,19,20 and 21). Unfortunately, whether 
the stereotypical Western diet makes an error of commission (i.e., overconsumption of saturated fats), an error of omission (i.e., underconsumption of fruits and 
vegetables), or both has not been rigorously established. Animal model studies of prostate cancer development and progression have provided support for the 
contention that dietary components likely influence prostate cancer development. Male rats fed the heterocyclic aromatic amine carcinogen 
2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP), rich in “charred” or “well-done” meats, specifically develop mutations in prostate cells and neoplastic 
prostate lesions (22,23). Human prostatic carcinoma xenografts in immunodeficient mice display attenuated growth when the mice are fed diets low in fat or 
supplemented with vitamin E (24,25). Thus far, the mechanisms by which such dietary components affect normal and neoplastic prostate cell behavior have yet to be 
fully elucidated.

Genetic factors also influence prostate cancer risks. Prostate cancer cases are often clustered in families. Statistical modeling has suggested that many such prostate 
cancer family case clusters reflect inheritance of a high-risk prostate cancer gene [or genes ( 26)]. Inherited prostate cancer often appears at a younger age, and at a 
more advanced stage, than sporadic prostate cancer (27). Intensive analyses of families with multiple men affected by prostate cancer have, thus far, revealed genetic 
linkage to candidate high-risk prostate cancer genes located at various sites on chromosomes 1p, 1q, and X ( 28,29,30 and 31). The identities of these candidate 
high-risk prostate cancer genes have not yet been reported. Case-control genetic epidemiology studies have tested the contribution of polymorphic variants of a 
number of known genes as prostate cancer risk modifiers. The gene encoding the androgen receptor hAR displays polymorphic variations in the lengths of a 
polyglutamate repeat sequence and of a polyglycine repeat sequence. In several studies, men carrying hAR genes encoding receptors with shorter polyglutamate 
repeat sequences appear to be at higher risk for prostate cancer development or for more advanced prostate cancer stage, or both, at diagnosis ( 32,33,34,35,36 and 
37). Provocatively, African-American men, who characteristically have hAR genes encoding receptors with shorter polyglutamate repeat sequences, also appear at 
higher risk for prostate cancer development and for more advanced prostate cancer stage at diagnosis. Similar case-control epidemiology studies examining prostate 
cancer risks associated with polymorphic variants of genes encoding 5a-reductase, the vitamin D receptor, glutathione S-transferases (GSTs), and other metabolic 
enzymes have yielded mixed results (38,39,40,41,42,43,44 and 45).

MOLECULAR PATHOGENESIS OF PROSTATE CANCER

Human prostatic carcinoma cells contain a myriad of somatic genome alterations, including gene mutations, gene amplifications, gene deletions, chromosomal 
rearrangements, and changes in DNA methylation. In some genome changes, such as loss of DNA sequences on chromosome 8p, gain of DNA sequences on 
chromosome 8q, and abnormal methylation of “CpG island” sequences encompassing GSTP1, the gene encoding the p-class GST, appear in most prostate cancer 
cases (46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61 and 62). Other somatic genome alterations appear in only a fraction of cases. Whether the striking 
case-to-case heterogeneity of genome changes characteristic of prostatic cancers reflects chronic exposure to genome damaging stresses, defective maintenance of 
genome integrity, or a combination of both processes, has not been established. What is more clear is that genomic instability is likely responsible for the most 
malignant prostate cancer cell behaviors, including metastasis and progression to androgen independence after attempts at hormonal therapy. Autopsy studies 
suggest that prostatic carcinogenesis may begin at quite a young age and proceed over many years: Although the median age of prostate cancer diagnosis in the 
United States approaches 65 to 70 years, prostate cancer lesions have been seen in as many as 29% of men aged 30 to 40 years ( 63). A major goal for preventing 
life-threatening prostate cancer may be to reduce the rate at which neoplastic prostate cells acquire somatic genome alterations.

An emerging body of evidence supports a new hypothesis that GSTP1 gene inactivation, via “CpG island” DNA methylation, may serve as an initiating genome lesion 
for prostatic carcinogenesis (59,60,61 and 62) (Fig. 7-1). GSTP1 “CpG island” DNA methylation, accompanied by lack of GSTP1 expression, constitutes the most 
common somatic genome change recognized in prostatic carcinoma cells and in cells comprising prostatic intraepithelial neoplasia (PIN) lesions. GSTP1, like other 
GSTs, can inactivate electrophile or oxidant carcinogens via enzymatic conjugation with glutathione. Thus, loss of GSTP1 function may not affect prostate cell growth 
or survival as much as it affects prostate cell vulnerability to carcinogen damage. Compared to mice with normal Gstp genes, mice carrying disrupted Gstp genes 
display increased skin tumors after treatment with the carcinogen 7,12 dimethylbenzanthracene ( 64). Humans homozygous for null GSTM1 gene alleles (as many as 
40% of white individuals) manifest an increased risk for cancer, particularly if exposed to carcinogens, such as those present in cigarette smoke ( 65,66 and 67). 
Polymorphic GSTP1 alleles, thought to encode low-activity GSTP1 enzymes, may confer an increased risk in women for breast cancer ( 68,69). During prostate 



carcinogenesis, somatic loss of GSTP1 function may render normal prostate cells vulnerable to neoplastic transformation, and it may render neoplastic cells 
vulnerable to malignant progression, mediated by electrophile or oxidant carcinogens that inflict genome damage. In support of this mechanism, new data suggest that 
prostate cancer cells carrying defective GSTP1 genes may be particularly sensitive to genome damage mediated by the dietary heterocyclic aromatic amine 
carcinogen PhIP (69a).

FIGURE 7-1. The pathogenesis of prostate cancer: loss of GSTP1 function in the face of chronic genome-damaging stress. In normal prostatic epithelium, basal 
prostate cells express GSTP1 (shown as cytoplasmic shading), whereas columnar secretory cells do not. Chronic inflammation drives the appearance of PIA lesions 
in which GSTP1 expression is induced throughout the prostate epithelium. However, cells with inactivated GSTP1 alleles incapable of GSTP1 expression appear and 
begin to accumulate somatic genome abnormalities (e.g., 8p loss and 8q gain) that lead to the development of prostatic intraepithelial neoplasia (PIN; shown as 
columnar cells devoid of GSTP1 that contain nuclei with prominent nucleoli). Further genome injury leads to the development of invasive prostatic carcinoma.

GSTs stereotypically function as inducible enzymatic defenses against oxidant and electrophile stresses. In most cell types, GST induction can be attributed to 
increased transcription of GST genes triggered by carcinogen exposure (70). The most complete analyses of GST regulation during cancer development have been 
obtained from studies of the pathogenesis of hepatocellular carcinoma in a variety of different species. For example, when rats are treated with various 
hepatocarcinogens, hyperplastic liver nodules composed of cells containing very high levels of the rat p-class GST, GST-P, typically appear ( 71,72,73,74,75 and 76). 
Although the majority of these hyperplastic liver nodules regress over time, perhaps as a result of increased protection against further cell and genome afforded by 
high-level GST-P expression, a few of the lesions progress to hepatocellular carcinoma, indicating that the high GST-P–expressing hyperplastic liver nodules are 
cancer precursor lesions. In rainbow trout (Onchorhynchus mykiss), liver cells fail to readily increase GST expression on exposure to aflatoxin B 1 or 
1,2-dimethylbenzanthracene (77). Instead, the carcinogen-treated fish develop both high GST-expressing hyperplastic liver nodules and low GST-expressing 
hyperplastic liver nodules, with the low GST-expressing hyperplastic nodules appearing more likely to progress to hepatocellular carcinoma ( 77). These data suggest 
that loss of GST expression in liver cancer precursor lesions likely increases the risk of progression to cancer ( 77,78). The pathogenesis of human hepatocellular 
carcinoma, reminiscent of the pathogenesis of human prostate cancer, has been reported to proceed via loss of GSTP1 expression, accompanying somatic GSTP1 
inactivation by “CpG island” methylation ( 79). GSTP1 “CpG island” methylation changes were also reported in human livers with cirrhosis and hepatitis, characterized 
by proliferative hepatocytes adjacent to inflammatory cells, known to be at high risk for hepatocellular carcinoma development ( 79). All of these observations suggest 
that in the liver, carcinogen exposure triggers the appearance of cells containing high GST levels that can be considered early cancer precursors and that loss of GST 
expression by these cancer precursor cells likely accelerates the progression to cancer.

Immunohistochemical staining studies of human prostate tissues have revealed that increased GSTP1 expression may be characteristic of a lesion termed 
proliferative-inflammatory atrophy (PIA) (80). PIA lesions, unlike the diffuse atrophic changes seen in prostate tissues after androgen withdrawal, are characterized by 
proliferation of atrophic-appearing prostate epithelial cells often adjacent to inflammatory cells ( 80,81,82,83,84,85 and 86). Provocatively, like the hyperplastic liver 
nodules seen in rats treated with carcinogens, PIA lesions may be early prostate cancer precursors. PIA lesions are commonly seen in radical prostatectomy 
specimens containing prostate cancer and have been observed in direct contiguity with PIN lesions ( 87). Inflammatory lesions in other organ sites, including the liver, 
stomach, and colon, are known cancer precursors. In the prostate, PIA lesion cells, which express high GSTP1 levels, may be protected, somewhat, against genome 
damage from inflammatory oxidants and electrophiles. However, PIA cells that acquire GSTP1 defects may become vulnerable to progress to PIN cells, or to prostate 
cancer cells, when subjected to the same genome-damaging threats. The mechanism by which PIA cells acquire GSTP1 “CpG island” DNA hypermethylation changes 
and become PIN cells or prostate cancer cells has not been established.

The convergence of insights from prostate cancer epidemiology, which indicate a significant role for environmental factors in life-threatening prostate cancer 
development, and from the molecular pathogenesis of prostate cancer, which suggest that neoplastic prostate cells may possess a phenotype of increased 
vulnerability to carcinogen damage, provide a framework for considering many new prostate cancer prevention strategies. Clearly, chronic damage to prostate cell 
genomes from oxidants and electrophiles needs to be reduced. Antioxidant micronutrients, including vitamin E, selenium, and carotenoids, such as lycopene, might be 
expected to reduce oxidant damage to prostate cell DNA if used for prostate cancer prevention. Also, because endogenous oxidant production in prostate cancer cells 
may be increased in the presence of androgens, antiandrogen treatment might also reduce oxidant genome damage and attenuate progression to life-threatening 
prostate cancer (88,89). Antiinflammatory agents might reduce inflammation-associated oxidant production in the prostate. Consumption of cruciferous fruits and 
vegetables, which contain the isothiocyanate compound sulforaphane, an inducer of GSTs and other carcinogen-detoxification enzymes, might compensate for the 
crippling of GSTP1 gene function in neoplastic prostate cells ( 90,91 and 92).

CLINICAL DEVELOPMENT OF NEW PROSTATE CANCER PREVENTION STRATEGIES

The development and assessment of new prostate cancer prevention strategies will present considerable challenges in clinical trial design. Clinical trials have played 
critical roles in the development of chemoprevention for head and neck cancer, breast cancer, and colorectal cancer ( 93,94,95,96 and 97). Data from controlled 
clinical trials are needed by the U.S. Food and Drug Administration (FDA) to permit approval and labeling of all drugs, including cancer prevention agents. The FDA 
also monitors the safety and labeling of nutrient supplements and food products. Large-scale, randomized, placebo-controlled, investigator-blinded, clinical trials that 
recruit heterogeneous subject cohorts drawn from the general population and monitor subjects for end points, such as cancer development or cancer survival, have 
historically been the preferred tool for assessing treatment efficacy versus treatment safety. However, for cancer prevention drugs, such clinical trials are often very 
large, very costly, and very slow to yield useful data. For prostate cancer, several new and exciting prevention approaches have been proffered. Unfortunately, the 
current clinical trial capacity is inadequate to test each of these new approaches using randomized trials involving study subjects from the general population. To 
accelerate prostate cancer prevention drug development and approval in the future, these clinical trial deficiencies need to be addressed. One reason that cancer 
prevention trials have needed so many subjects and have taken so long is that the cohorts targeted for study, if drawn from the general population, display generally 
low rates of cancer development and mortality. Because the goals of randomized clinical trials for cancer prevention are to estimate differences in rates of cancer 
development or death attributable to treatment, cancer prevention trials featuring small treatment groups often require long follow-up times, whereas trials featuring 
short follow-up times often need large treatment groups. A second reason that cancer prevention trials typically take so long to complete is that the study end points, 
usually cancer development or death, may take many years to appear.

In addition to providing new opportunities for prostate cancer prevention drug discovery, the progressive understanding of the molecular pathogenesis of prostate 
cancer may also offer new opportunities to improve the efficiency of prostate cancer prevention drug development. Recent insights have the potential both to identify 
high-risk study subjects for clinical trial participation, prone to display high rates of cancer development or mortality, and to define new clinical trial end points as 
surrogates for cancer development. For example, as high-risk gene alleles for prostate cancer development are discovered and characterized, genotyping for such 
alleles can be used to identify otherwise healthy high-risk men as candidates for participation in prostate cancer prevention clinical trials. Known biomarkers, such as 
serum PSA levels, serum IGF-1 levels, or serum selenium levels may prove useful for risk stratification in clinical trial recruitment ( 98,99 and 100). New candidate 
biomarkers, arising from intensive efforts to fully characterize the vast array of messenger RNA and polypeptide species present in normal and neoplastic prostate 
cells, may also find use as predictors of prostate cancer risk. Known biomarkers, such as the presence of PIN on prostate biopsy, and new biomarkers, such as the 
presence of PIA on prostate biopsy; markers of oxidative damage; somatic genome alterations; and others, may serve, not only to identify men at risk for prostate 
cancer development, but also to provide candidate surrogate end points for prostate cancer prevention clinical trials.

PROSTATE CANCER PREVENTION AGENTS UNDER CURRENT DEVELOPMENT



5a-Reductase Inhibitors and Antiandrogens

Androgen signaling pathways have been targeted by a number of drugs, including FDA-approved drugs, for the treatment of benign prostatic hyperplasia (BPH), 
advanced prostate cancer, and other conditions, such as male pattern baldness. Finasteride, which has been marketed as Proscar for BPH and as Propecia for 
alopecia, is a selective inhibitor of type II 5a-reductase, is the enzyme responsible for converting testosterone to dihydrotestosterone in the prostate. Because 
finasteride has few worrisome side effects and may reduce the serum PSA in men with prostate cancer ( 101,102), the drug has been subjected to study in prostate 
cancer chemoprevention as part of the Prostate Cancer Prevention Trial ( 103,104). The Prostate Cancer Prevention Trial, which targeted men in the general 
population above age 55, has enrolled 18,882 subjects. As part of the clinical trial design, after 7 years of treatment with finasteride or placebo, all of the men in the 
trial are to undergo prostate biopsy. Results of the trial, expected by 2004, should reveal whether finasteride treatment reduces the period prevalence of prostate 
cancer. Other clinical trial data featuring finasteride treatment have not been very encouraging. In one prospective, randomized, placebo-controlled trial of finasteride 
for BPH (n = 3,040), 4.7% of men treated with finasteride and 5.1% of men treated with placebo were ultimately diagnosed with prostate cancer ( p = .7) (105). In 
another smaller randomized trial (n = 52), men with an elevated serum PSA but no cancer on prostate biopsies received finasteride or no treatment for 12 months 
(106). Prostate biopsies obtained at study end were remarkable for the detection of cancer in 30% of men treated with finasteride versus 4% of men left untreated ( p = 
.25). For men in the trial with PIN detected on the original biopsy, finasteride treatment did not appear to affect the PIN lesions. Furthermore, prostate cancer was 
evident after 12 months in six of eight of the men with PIN who were treated with finasteride versus zero of five of the men with PIN who were left untreated ( 106).

Antiandrogens, such as bicalutamide (Casodex) and flutamide (Eulexin), and androgen-lowering drugs, such as leuprolide acetate (Lupron), and goserelin acetate 
(Zoladex), have established roles in the treatment of advanced prostate cancer. As androgens are required for human prostate cancer development, these types of 
drugs, particularly if used at an early enough age, may well attenuate prostatic carcinogenesis. However, the prolonged and sustained use of such antiandrogenic 
drugs will carry a high risk of side effects, including loss of bone and muscle mass, loss of libido, and breast pain or gynecomastia, that will almost certainly restrict the 
broad application of such drugs to prostate cancer prevention. In a recent prospective, randomized, placebo-controlled clinical trial, the antiestrogenic drug tamoxifen 
citrate (Nolvadex) provided women protection against breast cancer development at the expense of increasing the risk of uterine cancer development ( 93). However, 
by targeting a group of women at particularly high risk for breast cancer, identified using a predictive tool (the Gail model) ( 107), the benefits of breast cancer risk 
reduction were found to outweigh the risks of treatment-associated side effects. For antiandrogenic drugs, if men at extremely high risk for prostate cancer 
development could be identified, perhaps via the use of genetic testing or new molecular biomarkers, or both, and if antiandrogen treatment reduced prostate cancer 
risks in such men, then it is conceivable that the risk-benefit ratio of drug treatment might be found to be favorable. Another intriguing approach might be to consider 
the use of antiandrogens for brief treatment periods, or with intermittent dosing schedules, for prostate cancer prevention. When administered in these ways, 
antiandrogenic drugs might reduce prostate cancer risks with significantly fewer side effects.

Antioxidant Micronutrients and Antiinflammatory Agents

Epidemiologic studies have provided substantial evidence that increased consumption of selenium, vitamin E, and the carotenoid lycopene decrease prostate cancer 
risks (108,109,110,111,112,113,114,115,116,117 and 118). These data are supported by the results of two well-publicized clinical trials ( 119,120). In one of the 
studies, 1,312 men and women with a history of nonmelanoma skin cancer were treated with 200 µg selenized brewer's yeast, or a placebo each day in an effort to 
reduce the risk of further skin cancer development ( 121). Although selenium supplementation failed to reduce skin cancer appearance in this trial, men receiving 
selenium supplements displayed a lower incidence of prostate cancer ( 121,122). In the other trial, a-tocopherol, b-carotene, a combination of a-tocopherol and 
b-carotene, or placebo was administered to 29,133 male Finnish smokers in an attempt to prevent lung cancer ( 119). Again, although neither a-tocopherol nor 
b-carotene supplementation reduced lung cancer development in the trial, men receiving a-tocopherol displayed a lower incidence of prostate cancer and lower 
prostate cancer mortality (119,120,121 and 122). To confirm these results, a prospective, randomized, placebo-controlled clinical trial of selenium and vitamin E 
(Selenium and Vitamin E Cancer Prevention Trial; n >30,000) has been planned. The results of this trial, not likely to be available for at least a decade, may provide 
definitive evidence for protective effects of these antioxidant micronutrients against prostatic carcinogenesis. Until the Selenium and Vitamin E Cancer Prevention 
Trial results become available, how can men be counseled concerning reducing prostate cancer risks by the consumption of over-the-counter antioxidants? Careful 
scrutiny of the epidemiology data available reveals that the highest prostate cancer risks tend to be associated with the lowest, or most inadequate, blood or tissue 
levels of antioxidant micronutrients ( 111,113,117). Micronutrient supplementation in doses sufficient to correct antioxidant deficiencies, rather than in “megadoses,” 
will likely be safe and may be effective at reducing prostate cancer risks. Micronutrient antioxidants are often available in a variety of forms. For example, vitamin E 
supplementation may be accomplished using a-tocopherol or g-tocopherol, whereas selenium supplementation may be accomplished using selenomethionine, 
methylselenocysteine, sodium selenite, or others ( 123). Each of the different compounds has different pharmacologic properties. To best determine which of these 
compounds may be most useful for prostate cancer prevention, in which formulation, at what dose, and at which schedule of administration, small clinical trials 
featuring new biomarkers, particularly markers of oxidative stress, as trial end points will be needed.

Arachidonic acid signaling pathways, the targets of widely used nonsteroidal antiinflammatory drugs, may be a critical determinant not only of inflammation, but also of 
carcinogenesis. Nonselective cyclooxygenase inhibitors, which have long been used as antiinflammatory and analgesic drugs, have also demonstrated provocative 
clinical activity against colorectal polyps, thought to represent colorectal cancer precursor lesions ( 96). Recently, new selective inhibitors of cyclooxygenase-2 
(COX-2), celecoxib (Celebrex), and rofecoxib (Vioxx), have become available. These drugs appear to retain the antiinflammatory and analgesic properties of the 
nonselective cyclooxygenase inhibitors and to have substantially fewer side effects of gastroduodenal irritation and ulceration. Most intriguingly, mice prone to 
develop intestinal polyps that carry disrupted genes encoding COX-2 form significantly fewer polyps ( 124). COX-2, which is expressed at high levels in human 
colorectal neoplasms (125), may be a good target for human colorectal cancer prevention. In a recent clinical trial, celecoxib demonstrated significant efficacy in the 
treatment of colorectal polyps (97). Unfortunately, no consensus exists yet for whether COX-2 is expressed at high levels in normal prostate cells or in cells 
comprising PIA lesions, PIN lesions, or prostatic carcinomas ( 126,127,128 and 129). Nonetheless, celecoxib will be assessed in the near future for clinical activity 
against prostate cancers. R-flurbiprofen, an antiinflammatory agent that does not inhibit cyclooxygenases but may alter COX-2 messenger RNA levels ( 130), has 
demonstrated preclinical efficacy in the transgenic adenocarcinoma mouse prostate cancer model and has entered phase I/II human clinical testing against 
established prostate cancer. Sulindac sulfone (Exisulind), a nonsteroidal antiinflammatory agent that may target cyclic guanine monophosphate phosphodiesterase, 
has also entered clinical trials against established prostate cancer presenting as a rising serum PSA after primary prostate cancer treatment ( 131,132). 
5-Lipoxygenases appear to modulate prostate cancer cell survival in vitro (133,134,135,136,137,138 and 139). Inhibitors of 5-lipoxygenases may be promising new 
drugs for prostate cancer treatment and for prostate cancer prevention.

Retinoids and Vitamin D Analogs

Differentiation agents, drugs that promote prostate cell differentiation at the expense of cell proliferation, may be attractive drugs for prostate cancer treatment and for 
prostate cancer prevention. Both retinoid compounds and vitamin D analogs have been reported to affect prostate cell behavior. Retinoids have also shown some 
ability to prevent aerodigestive cancers in clinical trials ( 94,95). Tretinoin (all- trans-retinoic acid, Vesanoid), 4-hydroxyphenylretinimide, and isotretinoin (13- cis-retinoic 
acid, Accutane), given alone or in combination with vitamin D analogs, manifest preclinical activity against prostate cancer cells in vitro (140,141,142,143,144,145,146 
and 147). New retinoid compounds, such as alitretinoin (9- cis-retinoic acid, Panretin), an agonist against retinoic acid receptors and retinoid X receptors, and 
bexarotene (4-[1-(5,6,7,8-tetrahydro-3,5,5,8,8-pentamethyl-2-naphtalenyl) propenyl] benzoic acid, Targretin), a selective retinoid X receptor agonist, have also 
demonstrated preclinical activity against prostate cancer cells ( 148,149 and 150). In the near future, several of these retinoid compounds will likely be tested in men 
with established prostate cancer, alone and in various combinations with other drugs. If the side effects are limited and the clinical activity is encouraging for any of 
these retinoids, further assessment as prostate cancer chemoprevention drugs will be undertaken. Deficiencies in vitamin D intake or activation, or both, have been 
proposed to increase prostate cancer risks (151,152). Furthermore, vitamin D and its analogs have been shown to modulate prostate cancer cell growth and 
differentiation in vitro (140,141,143,153,154,155,156,157,158,159,160,161,162,163,164 and 165). Although analogs that bind the vitamin D receptor but cause little 
hypercalcemia at the doses and dosing schedules used appear the most promising in early clinical trials against established prostate cancer, vitamin D itself may find 
some use as a prostate cancer prevention agent.

Soy Products, Antiangiogenesis Agents, Matrix Metalloproteinase Inhibitors, and Others

Soy products are consumed in great quantities in Asia, where prostate cancer risks are low. Soy isoflavones, including genistein, have been proposed to inhibit 
protein kinases (166,167,168 and 169), topoisomerases (170,171), and 5a-reductases (172). Two new isoflavone compounds, PTI-G2535 and PTI-G4660 (Protein 
Technologies International), have entered phase I/II clinical trial testing against established prostate cancers. The Bowman-Birk inhibitor concentrate, an orally 
bioavailable protease inhibitor from soy ( 173,174 and 175), has entered phase I/II clinical trials against oral leukoplakia ( 176) and BPH. A large number of 
antiangiogenesis drugs and matrix metalloproteinase inhibitors that have the potential to arrest the progression of small prostate cancers, as well as other solid organ 
cancers (177,178,179,180,181,182,183 and 184), are currently under preclinical and early clinical development. Which of these agents will emerge as the most 
effective for established prostate cancer and have the fewest worrisome side effects is not clear. Insulinlike growth factor 1 (IGF-1) may modulate prostatic 



carcinogenesis (98,185,186,187,188,189,190 and 191). Drugs that decrease IGF-1 levels, increase IGF-binding protein levels, prevent PSA-mediated cleavage of 
IGF-binding proteins, or interfere with IGF receptor tyrosine kinases may find use in prostate cancer treatment or in prostate cancer prevention ( 187,188). 
Difluoromethylornithine (Eflornithine), an inhibitor of ornithine decarboxylase used to treat African sleeping sickness, is also under preclinical and clinical development 
as a prostate cancer chemoprevention drug (192).

CONCLUSIONS AND FUTURE DIRECTIONS

Of the many new candidate prostate cancer chemoprevention drugs under preclinical and early clinical development, most target various phenotypic features of 
prostate cancer cells, including sex-steroid hormone signaling, arachidonic acid signaling, growth factor signaling, and the regulation of differentiation. The majority of 
these drugs will be assessed for efficacy against established prostate cancer before being tested as prostate cancer chemoprevention drugs. Although more effective, 
and less toxic, treatments for established prostate cancer are needed, restriction of the prostate cancer chemoprevention pipeline to drugs useful for established 
prostate cancer may miss a great rational drug development opportunity. For prevention of strokes and heart attacks, treatments are directed at the “disease” 
atherosclerosis. For prostate cancer chemoprevention, the “disease” best treated may be prostatic carcinogenesis, not prostate cancer itself. The most compelling 
argument for the promise of prostate cancer prevention remains the fact that environmental factors, especially the diet, may play a dominant role in the prostate 
cancer epidemic in the United States. The molecular basis for these environmental effects may be that GSTP1, the gene encoding the p-class GST, serves a 
“caretaker” function for prostatic cells that is lost early during human prostatic carcinogenesis. Loss of GSTP1 function appears to render PIN and prostate cancer 
cells vulnerable to genome damage inflicted by oxidants and electrophiles, including dietary components, that promote genomic instability and malignant behavior. 
Thus, this mechanism of prostatic carcinogenesis, featuring ongoing threats to genome integrity associated with high-risk dietary practices, may be the most critical 
rational “disease” target for prostate cancer prevention. To this end, the most promising prostate cancer prevention strategies under current consideration may be 
interventions aimed at reducing genome-damaging stresses in prostate cells, such as the use of antioxidants and antiinflammatory agents, rather than drugs aimed at 
established prostate cancer cells.

Ultimately, the greatest challenge for any candidate prostate cancer prevention drug will be the daunting clinical development pathway necessary to prove efficacy for 
patient benefit to permit approval by the FDA. For the near future, dietary modifications and nutritional supplements that target the “disease” of prostatic 
carcinogenesis, not subject to the same regulatory requirements as drugs, may offer men concerned about prostate cancer the best prospect for reducing prostate 
cancer risks. Hopefully, such dietary interventions will be directed not only by epidemiology observations, but also by a growing body of clinical trial data.
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INTRODUCTION

In U.S. men, prostate cancer (CaP) is the second leading cause of cancer death and accounts for 30% of all cancers diagnosed. During the 1990s, the CaP incidence 
rate rapidly increased, mainly attributable to screening using prostate-specific antigen (PSA). Our understanding of the etiology of CaP remains far from complete. 
Established nonmodifiable risk factors for CaP include older age, a family history of CaP, and race. Risk is greatest among African-Americans, followed by white 
individuals and Asians. Few modifiable risk factors are universally accepted as established. Nonetheless, several lines of evidence indicate that nutritional or other 
environmental factors profoundly influence the occurrence or progression of CaP.

The first clue that exogenous factors influence prostate carcinogenesis is that CaP incidence rates display substantial variability across countries around the world. 
An almost 70-fold differential in CaP risk has been observed between the populations with the lowest and highest rate ( 1). CaP rates are lowest in the Far East and on 
the Indian subcontinent and highest in Western Europe, Australia, and North America. Standardizing CaP rates to a common age standard, the incidence rate was 
approximately 1 of 100,000 men annually in China compared to 62 of 100,000 for U.S. whites and 82 of 100,000 for African-Americans in the late 1980s ( 1). Mortality 
rates vary greatly between nations as well; in Japan, 4 of 100,000 men die of CaP per year, whereas in Canada, France, Germany, the United Kingdom, and the 
United States, the mortality rate ranges from 16 to 18 of 100,000 men annually ( 2).

Differences in medical practice leading to differential rates of detection of subclinical tumors, as well as differences in genetic susceptibility, contribute to these 
differences, but these differences are likely to result largely from exogenous factors, because the incidence of CaP increases in populations that have migrated from 
countries in which the rates are low to those where rates are high. For example, men of Asian heritage living in the United States are at lower risk for CaP than are 
white Americans, but they are at greater risk of the disease than are men of similar ancestries living in Asia ( 3,4 and 5). These rate differences do not appear to result 
entirely from differences in detection of early-stage tumors between the United States and Asian countries ( 6).

A final indication that nutritional or related factors influence risk of CaP is that high correlations are observed between per capita consumption of fat, animal fat, red 
meat, and dairy products and national CaP incidence and mortality rates ( 7). Among the strongest correlations are those observed for dairy products. For example, 
Figure 8-1 illustrates the relationship between per capita consumption of milk products and CaP mortality rates in different countries. It is not possible to draw firm 
conclusions based on such correlational data; in this case, other factors that co-vary with milk consumption could account for this association. Nonetheless, the 
variation in international CaP incidence rates, the increasing rates in immigrants coming to countries with higher rates of the disease, and the strong correlations 
between various nutritional factors and CaP incidence and mortality strongly suggest that some aspects of diet and lifestyle influence risk of CaP.

FIGURE 8-1. Age-standardized prostate cancer mortality rates (circa 1975 per 100,000 population) and milk and milk products consumption from 1970. FDR, 
Germany; HK, Hong Kong. (Reproduced from World Health Organization Regional Office for Europe: Copenhagen, 1993, with permission.)

This chapter reviews the epidemiologic evidence for specific modifiable determinants for CaP. First, the natural history of CaP is discussed, because it is critical to 
understand when risk factors act during carcinogenesis so that interventions may be appropriately timed. After this discussion is a summary of the hormonal 
influences on CaP risk, including androgens, insulinlike growth factor (IGF)-1, and vitamin D. These are crucial to consider, because many nutritional and 
environmental components may influence CaP risk by modulating these hormonal systems. Finally, this chapter concludes with a discussion of specific modifiable risk 
factors, focusing especially on diet.



RISK FACTORS IN RELATION TO THE NATURAL HISTORY OF PROSTATE CANCER

Like many adult cancers, CaP likely represents the accumulation of various genetic insults that develop over the course of decades. Because CaP is diagnosed on 
average at an older age than any other malignancy, most CaP is probably initiated quite early in life. Thus, nutritional and other environmental risk factors may 
influence CaP development and progression throughout most of the male life cycle. To better understand the potential role of exogenous factors in prostate 
carcinogenesis, it is important to consider critical periods in the development and growth of the prostate gland.

The development of the prostate gland, controlled largely by sex hormones, is initiated at approximately week 12 of fetal development, when the secretion of 
testosterone (T) from the embryonic testis stimulates prostate morphogenesis. The initial genetic insults for prostate carcinogenesis could occur in utero, but this 
hypothesis is difficult to study directly. Birth weight may be an indicator of in utero exposure to nutrients, steroid hormones, and fetal growth factors (8) and has been 
hypothesized to be associated with CaP risk. A small cohort study (21 cases among 366 men) found that CaP incidence was more than four times higher among those 
whose birth weight was in the upper quartile compared to the lower quartile ( 9). However, subsequent larger studies have shown little evidence for an important 
contribution of birth weight to risk of CaP ( 10,11). How strongly birth weight correlates with in utero hormonal exposure is unclear. One study found that preeclampsia 
and prematurity, which are likely correlates of pregnancy hormones and other growth factors, are inversely associated with CaP incidence and mortality ( 10).

In the male infant, the prostate gland weighs approximately 1 g. The prostate grows slowly during childhood and achieves a weight of approximately 4 g before the 
onset of puberty. The surge of androgens and other growth factors at puberty causes a rapid acceleration in the growth of the prostate, culminating in the final adult 
mass of approximately 25 g. Further (noncancerous) growth later in adulthood is abnormal and is usually described histologically as benign prostatic hyperplasia or 
hypertrophy.

Some data suggest that events around the time of puberty and adolescence influence subsequent risks of CaP. Prostatic intraepithelial neoplasia, a putative 
precancerous lesion, is already present in a substantial proportion of men by the third and fourth decades of life ( 12). Examining the correlation between hormonal 
patterns during adolescence and subsequent CaP development is difficult because CaP occurs decades later. However, indirect markers, such as attained height, 
may provide some insight. Although the available data regarding risk factors early in life are limited, they tend to support the hypothesis that early life events can 
influence risk of prostate carcinogenesis (see sections Height and Body Mass and Body Composition below), particularly at times of rapid growth of the prostate. 
Perhaps prostatic epithelia is most prone to the initial genetic lesions during these growth periods, as attested to by the high prevalence of prostatic intraepithelial 
neoplasia in young men.

The appearance of clinically relevant CaP and metastatic disease typically requires additional decades. At least some risk factors are probably involved during later 
periods of life, perhaps even during progression of CaP. Over time, “autonomous” clones that are less likely to be externally influenced develop. It is unknown at what 
point exogenous factors are no longer influential. Because men diagnosed with CaP are motivated to alter dietary and lifestyle behaviors, the potential role of 
modifiable risk factors in the postdiagnostic period could be critically important for survival.

HORMONAL MILIEU AND PROSTATE CANCER

Sex steroids and the IGF and vitamin D axes appear to influence the occurrence and progression of CaP. Individual CaP risk may be determined by normal variation 
in the blood levels of the relevant hormones, or their binding proteins, and by genetic variation in their receptors. Because this variation is influenced both by external 
factors and by heredity, hormonally related factors are likely to be at a critical interface between many of the nutritional and other environmental factors, and CaP risk 
and nutritional or genetic interactions are likely to be important. Many of the nutritional and other exogenous factors suspected to influence CaP risk are hypothesized 
to act through a hormonal mechanism. The roles of androgens, IGFs, and vitamin D in prostate carcinogenesis are discussed in the following sections.

Androgens

The development and progression of prostate tumors depend on androgens, including T and dihydrotestosterone (DHT) ( 13). The evidence that very low levels of 
androgens inhibit prostate carcinogenesis is substantial. CaP occurrence may be low among men with liver cirrhosis, which is associated with hyperestrogenicity and 
hypoandrogenicity (14). Long-term diabetic men, many of whom may have abnormally low levels of T, also appear to be at decreased risk of CaP ( 15). Androgen 
inhibition or ablation causes the regression of CaP before attainment of hormone-independent growth ( 16). Also, human prostate tumors implanted in castrated 
animals do not grow (17), and prostate tumors developed in rats administered subcutaneously T ( 18,19).

Whether normal between-person variation in androgen levels influences prostate carcinogenesis is less certain. Studies evaluating the relationship of CaP with 
plasma levels of steroid hormones and sex hormone–binding globulin (SHBG) have not yielded consistent results ( 20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35 
and 36). Many of these studies have serious limitations, including the determination of steroid levels after the diagnosis of CaP, small sample size, failure to account 
for age differences between the case and comparison groups, and failure to adjust simultaneously for other hormones and SHBG. Measuring and controlling for 
SHBG levels are particularly critical, because this protein is thought to modulate the bioavailability of steroid hormones. Prospective studies ( 29,30,31,32,33 and 
34,36) have found that a higher T to DHT ratio and higher levels of androstanediol glucuronide, a metabolite of DHT often used as an indicator of prostatic production 
of DHT, are related to increased CaP risk (29,31,33).

The largest and most comprehensive study of this issue to date was a nested case-control evaluation in the Physicians' Health Study (PHS) ( 33). This study was 
based on 222 cases and mutually adjusted for each hormone measured and SHBG. CaP cases had an average of more than 6 years elapsed between blood donation 
and diagnosis. This study showed relative risks (RRs) for CaP of 2.6 for T, 0.46 for SHBG, and 0.56 for estradiol when comparing the top quartile of the distribution of 
concentrations to the bottom for each hormone. These results indicate that risk of CaP can be influenced within the normal range of androgenicity.

The concept that variation in androgenicity influences CaP risk extends to studies of polymorphisms in androgen-related genes. The most consistent results have 
been for the androgen receptor (AR), which mediates the effect of T and DHT in androgen-responsive tissues ( 37). The first exon, which encodes the region of the AR 
responsible for transactivational control ( 38), contains a polymorphic region of CAG repeats encoding polyglutamine. The mean repeat number of CAGs has been 
reported to be approximately 22 in whites and 20 in African-Americans, and the normal range is from approximately 6 to 39 over several racial or ethnic groups 
(39,40). Shorter length of the CAG repeat linearly correlates with enhanced transcriptional transactivation in experimental gene constructs ( 38,41), and, clinically, 
greater CAG repeat lengths are associated with androgen insensitivity ( 42,43 and 44). Epidemiologic studies of AR gene CAG repeat length and CaP have reported 
moderately increased risks of CaP or advanced CaP when comparing shorter to longer repeat lengths ( 40,45,46).

Insulinlike Growth Factors

Accumulating evidence supports an important role for the IGF axis in prostate carcinogenesis. The IGF axis is organized into IGFs, IGF-binding proteins (IGFBPs), 
IGF proteases, and membrane-associated receptors. IGF-1, the major circulating IGF, is required by cells to progress through the cell cycle ( 47). IGFBPs can oppose 
actions of IGF-1, in part by binding and sequestering IGF-1, but perhaps also through direct effects mediated by specific IGFBP-3 membrane-associated receptors 
(48,49). IGFBP-3 is the major circulating IGFBP. IGF-1, several of its binding proteins, and IGF proteases (including PSA) are produced by normal prostate cells and 
CaP cells, and evidence from in vitro studies and animal models supports an important role for IGF-1, IGFBPs, and proteases for cell growth and apoptosis for both 
normal and neoplastic prostate tissue ( 50,51).

Several recent studies have linked the IGF axis directly to CaP. The first report of IGF in relation to CaP risk was from a Greek case-control study ( 52) that compared 
circulating IGF-1 levels in 52 incident CaP cases to age-matched controls. IGFBPs were not assayed in this study. High levels of IGF-1 were associated with an 
increased risk of CaP. These results were intriguing, but, because blood samples for cases were collected after the diagnosis of CaP, the potential impact of the tumor 
on IGF-1 levels could not be excluded. Shortly after this report, results from a prospective study of IGF-1 and IGFBP-3 and CaP risk were published from the PHS. In 
1982, 14,916 male U.S. physicians aged 40 to 82 each provided a blood sample, which was then frozen and archived ( 53). Among 152 cases diagnosed through 
1992, IGF-1 was found to be associated with approximately a two-and-a-half–fold increased risk, and when IGF-1 and IGFBP-3 were adjusted for each other, stronger 
associations emerged. Comparing top to bottom quartiles, IGF-1 was associated with a RR of 4.3 of CaP and IGFBP-3 with a RR of 0.4. Analyses limited to cases 
diagnosed at least 5 years from the time of blood draw yielded similar results, arguing against the impact of IGF levels by large undiagnosed tumors. Another 
case-control study from Sweden (54) found that high IGF-1 levels were associated with an increased risk of CaP.



Vitamin D Metabolites

Vitamin D is part of a complex hormonal axis. 1,25-dihydroxyvitamin D [1,25(OH)2D], the most active metabolite of vitamin D, is a steroid hormone that activates gene 
transcription via binding to the cytoplasmic vitamin D receptor (VDR) ( 55). Circulating 1,25(OH)2D levels are under tight homeostatic regulation. The prostate 
epithelium expresses VDRs, and physiologic levels of 1,25(OH) 2D bind to the VDR in established CaP cell lines and in primary cultures of human prostatic epithelial 
cells derived from malignant tissue ( 56,57,58 and 59). 1,25(OH)2D has been shown to inhibit proliferation and induce differentiation in prostatic epithelial cells 
(56,60,61,62 and 63). A role of 1,25(OH)2D or its analogs in prostate carcinogenesis is supported by a limited body of animal data ( 64,65).

Several lines of epidemiologic evidence also suggest that high levels of circulating vitamin D protect against risk of CaP. Supportive data include the evidence that the 
vitamin D endocrine system regulates prostate growth and differentiation and that black race and residence in northern latitudes, risk factors for CaP, are potentially 
associated with low circulating levels of vitamin D ( 66). Men with high circulating prediagnostic 1,25(OH) 2D may be at reduced risk of CaP (67). However, a more 
recent study did not find a strong association between 1,25(OH) 2D and CaP risk (68), although the lowest risk of CaP was observed in men with high 1,25(OH) 2D and 
low 25(OH)2D, the parent vitamin D compound.

Further support for a role of the vitamin D axis in CaP comes from studies of the relationship between several VDR gene polymorphisms and CaP risk. These include 
a poly-A microsatellite in the 3'-untranslated region of the VDR gene, and the following restriction-length polymorphisms: BsmI in intron 8 (denoted b); ApaI in intron 8 
(denoted a); and TaqI in exon 9, which results in a base, but not amino acid change (denoted t). All of these polymorphisms are in strong linkage disequilibrium, but 
none affects the amino acid–coding sequence of the VDR. However, the BAt haplotype is associated with greater VDR transcription or enhanced messenger RNA 
stability in artificial gene constructs than is the baT haplotype, and individuals with the BB genotype have higher circulating 1,25(OH) 2D levels than do those with Bb 
or bb genotypes (69). Evidence for a relationship between these polymorphisms and CaP risk has been inconclusive ( 70,71,72 and 73), but even the least supportive 
data (73) have suggested complex interactions between circulating 1,25(OH) 2D levels and VDR gene polymorphisms. Further work in identifying physiologically 
relevant VDR polymorphisms may enhance our understanding of the relationship between the vitamin D axis and CaP.

NONNUTRITIONAL MODIFIABLE RISK FACTORS

Cigarette Smoking

Cigarettes are the leading cause of death from cancer, but the relationship between smoking and CaP mortality is still unclear. Some studies have indicated no 
connection between tobacco use and CaP (74,75,76,77 and 78), whereas others suggest an elevated risk among smokers (79,80,81,82 and 83). In general, because 
of the inconsistencies, smoking is not likely to be a major contributor to CaP risk.

However, an increased risk of CaP mortality with tobacco use is more consistently observed than with CaP incidence. This paradox could be explained if smokers 
delay diagnosis and treatment of CaP, which could result in poorer survival. The studies that found smokers to be at higher risk for CaP mortality ( 84,85,86 and 87) 
could not distinguish whether this association was caused by delayed diagnosis and treatment among smokers or directly from effects of tobacco. Direct effects of 
tobacco could be related to carcinogens, which may theoretically induce CaP to develop a more aggressive phenotype by causing mutations in genes associated with 
tumor progression. Alternatively, tobacco use may alter host factors, such as levels of hormones, which promote tumor growth or progression. Smoking is associated 
with higher plasma T levels in men (88,89). Two studies (90,91) have found smokers more likely to be diagnosed with CaPs diagnosed at an advanced stage or that 
have a poor histologic grade.

A recent analysis based on the Health Professionals Follow-Up Study cohort found recent smoking history to be strongly related to the subset of CaPs that are rapidly 
progressive and highly fatal (92). This association did not appear to result from delayed detection of cancers among smokers. Although differences in diagnosis 
seeking and treatment between smokers and nonsmokers cannot be entirely ruled out based on available data, the studies suggest that carcinogens in cigarette 
smoke enhance tumor progression by effects directly on the tumor or on the host. Although the mechanism remains unknown, smokers appear to suffer a higher 
mortality rate from CaP.

Alcohol Consumption

A plausible link between alcohol intake and CaP risk is suggested by effects of alcohol consumption on various hormone levels. Acute alcohol intake transiently 
reduces circulating T (93,94 and 95), and alcoholic cirrhosis is associated with reduced T levels in men ( 96). Alcohol also is associated with increases in circulating 
estrogen concentrations in pre- (97) and postmenopausal (98) women; a similar effect is likely in men (99; A. E. Field, personal communication, 1998). Despite the 
plausible influences of alcohol on CaP, prospective studies generally have not found these to be related ( 100,101,102,103,104 and 105). A case-control study 
conducted in Sweden found a statistically nonsignificant direct association between CaP risk and total grams of alcohol consumed weekly ( 106). Another case-control 
study conducted in the United States supported an association in both African-Americans and whites, and in particular for higher-grade CaP ( 107). However, other 
case-control studies have not supported this relationship ( 75,108,109). A recent review (110) concluded that there is little evidence for a positive or inverse 
association between CaP and moderate alcohol consumption, but that few studies have examined extremely high alcohol intake, which is most likely to influence 
hormones. Overall, alcohol consumption is unlikely to be a major determinant of CaP risk, at least below levels sufficient to induce cirrhosis.

Vasectomy

Vasectomy, used in many parts of the world for contraception, has had few documented acute or long-term adverse health effects associated with it ( 111,112 and 
113). However, in the past decade, some studies have suggested a link between vasectomy and increased CaP risk ( 80,114,115,116,117,118,119,120 and 121). This 
relation is controversial, because almost an equal number of studies have found no association ( 122,123,124,125,126 and 127). Detection bias resulting from 
heightened detection among men who have had a vasectomy or, less likely, confounding by uncontrolled factors, has not been excluded as a possible explanation for 
the positive results (128,129). Moreover, the biologic basis underlying any vasectomy-CaP relation remains speculative. Elevations in antispermatozoa antibodies, 
decreased seminal vesicle hormone concentrations, and decreased prostatic secretions have been reported in men who underwent vasectomy and in animal models 
(117), but how these changes could influence prostate carcinogenesis remains unknown. Future studies should examine whether more consistent associations are 
observed in specific subgroups of men who have had a vasectomy. For example, one study found that an increased risk of CaP was limited to men who had their 
vasectomies at a relatively early age (younger than age 35) ( 116). Consistent patterns in subgroups, however, have not emerged.

Diabetes Mellitus

Several prospective studies have examined the relationship between type II diabetes mellitus and risk of CaP and have found an approximately 30% to 70% reduction 
in CaP risk among diabetic men (15,130,131). However, no clear evidence of an inverse association could be detected in another prospective study ( 86) or in two 
case-control studies (132,133). Men with severe type II diabetes have lower androgen levels, probably resulting from a toxic effect of hyperglycemia on the 
T-producing Leydig cells of the testis ( 134). The hypoandrogenism induced by chronic hyperglycemia may underlie the relationship between diabetes and CaP. 
Consistent with this notion, hyperglycemia tends to increase over time, and the risk of CaP appears to decrease with increasing time since the diagnosis of diabetes 
(15).

Sexual and Reproductive Factors

Sexual activity and reproductive history plausibly may be related to CaP through a variety of mechanisms, some causal and some indirect. Sexual hyperactivity may 
theoretically be secondary to higher androgenicity or may enhance exposure to sexually transmitted agents. Age at first sexual activity is likely correlated with younger 
age of puberty. At older ages, shortly before a diagnosis of CaP, undiagnosed CaPs may impact sexual function. These complexities may explain why the literature on 
sexual activity and CaP risk is inconsistent, with some studies suggesting higher activity as protective, whereas some indicate indices of sexual activity as risk factors 
(135). Most data are based on retrospective assessments of sexual history in CaP cases and controls. Biased reporting may add to the inconsistencies, particularly 
because sexual activity in CaP cases is likely to have changed from the disease and may influence reporting of past activity. Future study in this area should 
emphasize prospective assessments of self-reported sexual history.



Other Potential Modifiable Risk Factors

There are scattered reports of additional nondietary, potentially modifiable risk factors for CaP. Occupationally related exposures have received some study, but the 
data have not generated firm associations. Areas that have received the most attention to date have been farming-related exposures to pesticides and herbicides, 
rubber manufacturing, and occupational exposure to cadmium (136). Each of these areas has yielded some suggestive findings, but the data are far from conclusive. 
Although it may be prudent to prevent excessive exposures to these factors, they could account for only a small fraction of CaP, even if they are true risk factors. A 
recent study has indicated that nonsteroidal-antiinflammatory drugs may reduce the risk of advanced CaP ( 137). Such a potentially important finding requires 
confirmation in other studies.

DIET AND NUTRITION

The substantial variability in CaP incidence and mortality rates around the world is believed by many to result from specific dietary and nutritional patterns ( 1). CaP 
rates are lowest in Asia and highest in Western Europe, Australia, and North America. These regions differ in dietary patterns, overall nutritional status, and other 
lifestyle factors. National per capita consumption of various nutritional variables correlates strongly with national CaP mortality rates ( 7). A correlation with milk and 
dairy product consumption with CaP mortality is particularly strong ( Fig. 8-1). Although the importance of nutrition is generally accepted, the specific dietary factors 
involved remain unclear. Total fat, saturated fat, and animal fat are hypothesized to be among the most consistently observed risk factors, but these may actually be 
correlates of the real dietary factors involved in prostate carcinogenesis.

Studies comparing national per capita consumption and cancer rates are limited by lack of individual, specific exposure data and by the inability to sufficiently control 
for potential confounding factors. Case-control and prospective cohort studies have provided the most important data on diet and CaP risk and are emphasized here. 
This section first considers the influence of total energy intake and energy balance. Then, specific hypotheses regarding saturated and unsaturated fats are 
considered, followed by a discussion of nonlipid components in dairy products. Finally, the potential preventive role of some micronutrients and phytochemicals is 
considered. Although numerous potentially protective agents have been hypothesized, this section emphasizes those compounds for which the human data, from 
epidemiologic studies or intervention trials, are the strongest.

Total Energy Intake and Energy Balance

Energy balance is a critical factor for cancer development, including CaP, in numerous animal models. In rodent models of transplantable prostate tumors 
(androgen-sensitive Dunning R3337-H adenocarcinoma), in which energy balance can be carefully controlled, a 20% to 30% energy restriction reduces tumor size 
(138). The tumors in the energy-restricted rats exhibit increased stroma, more homogenous and smaller glands, and reduced angiogenesis. Importantly, these 
changes do not differ whether the restriction is induced by lipid or carbohydrate restriction.

Unlike animal models, for which energy intake can be closely controlled, the examination of total energy intake as a risk factor for CaP in free-living human 
populations is fraught with difficulties. Energy balance in adults is achieved when total energy intake equals energy expenditure and there is no net weight loss or 
gain. The determinants of total energy expenditure are body size, particularly lean body mass, which has a greater energy requirement than adipose tissue, physical 
activity, and overall “metabolic efficiency.” Because each of these variables is measured with some degree of error, it is not feasible to directly calculate energy 
balance in epidemiologic studies. However, weight change over a specific time provides an estimate of energy balance over that period. For example, an individual 
who has gained substantial weight over some time period is in positive energy balance, at least on average, over that time span. Body mass index (BMI) or a measure 
of adiposity can provide an estimate of cumulative lifetime energy balance. Metabolic efficiency, which is related to a complex interplay of multiple factors, may be 
related to CaP risk (139,140 and 141).

Height

Attained height reflects factors that determine growth during adolescence, including marked changes in circulating concentrations of steroid hormones, growth 
hormone, and IGF-1. During puberty, the prostate gland, which is responsive to the changing balance of these factors, develops and enlarges. Possibly acting as a 
marker for hormonal and growth factor levels, height is positively associated with risk of CaP in some populations ( 76,104,106,142,143,144,145 and 146) but not all 
(75,105,108,147,148,149,150 and 151). Height may not be a consistent risk factor in all populations, because the relative importance of nutritional and genetic factors 
may vary across populations.

Because tallness is a risk factor for CaP in many studies, higher energy intake is likely to be a risk factor for CaP, owing to the fact that taller men have greater lean 
body mass on average and, hence, greater energy requirements. The public health relevance of energy intake is dubious, because much of the variation in energy 
requirement is not modifiable. For example, taller men with more lean body mass would have a higher energy requirement and could not feasibly lower their energy 
intake to the level of men with a less lean body mass.

Body Mass and Body Composition

In men, obesity is associated with higher plasma estrogen and lower T levels ( 88,89,152,153,154 and 155), a balance of steroid hormones possibly related to lower 
CaP risk (33). In most epidemiologic studies, BMI is used as an indicator of obesity. BMI is defined as weight in kilograms divided by the square of height in meters. 
Although BMI serves as a useful indicator for adiposity, it is additionally a correlate of lean body mass, including the muscle compartment ( 156). This characteristic of 
BMI complicates studies of CaP, as endocrinologic factors, such as IGFs and sex hormones that may underlie CaP risk, also may be related to adiposity and lean 
body mass. Perhaps because of these complexities, studies that have examined BMI in relation to CaP have been inconsistent. BMI has not been related to CaP risk 
in case-control studies (75,106,108,109,147,151,157,158 and 159), with one exception (149). In prospective studies, some have found a positive relation with BMI or 
body weight (105,150,160,161,162 and 163), but as many others have not (100,104,144,148,164,165). One prospective study (166) that found a positive association 
between BMI and CaP showed that the elevated CaP risk was probably due to muscle, rather than fat, mass. Also, a positive association observed between BMI and 
fatal CaP in a large Swedish retrospective, cohort study of construction workers might possibly reflect the higher average muscle mass in construction workers ( 143). 
Measures of obesity based on waist and hip circumference measures in one study (144) were related to a slightly lower risk of advanced CaP.

The prostate gland undergoes maturation during puberty. The role of obesity during earlier life has not been extensively examined. No association between CaP and 
weight at puberty in comparison to classmates or weight and BMI at age 20 was observed in a Swedish case-control study ( 142). Conversely, in a large cohort study, 
higher BMI at age 21 was strongly associated with a lower risk of advanced CaP ( 144). In that same cohort, measures of adiposity based on body shape pictograms 
indicated that obesity at ages 10 to 20 years strongly predicted lower risk of advanced CaP in adulthood. The finding that tallness was a positive risk factor in the 
same cohort appears paradoxic in that both taller height and higher BMI would seem to relate to higher energy intake. The explanation may be that taller height 
signifies high energy intake complementary to a hormonal milieu related to linear growth (e.g., high IGF-1, growth hormone, androgen levels), whereas obesity in 
adolescence, and presumably less muscle mass, signifies low levels of androgens and growth-stimulating hormones. Although further study relying on more direct 
measures of lean body mass and adiposity is required, the emerging picture appears to be that adiposity may be associated with decreased risk and lean body mass 
with elevated risk.

Physical Activity

Relatively few studies have examined the impact of physical activity on CaP risk, and results have been mixed. Most studies have found a slight or moderate inverse 
relation between risk of CaP and occupational or leisure-time physical activity ( 109,150,167,168,169,170 and 171) or cardiorespiratory fitness ( 172). However, others 
have found no association (108,173) or, in one case, an increased risk among the most physically active ( 105). Most of these studies have focused on activity level in 
adulthood within a relatively short time period before diagnosis. However, a few have examined physical activity earlier in life. Three studies found direct positive 
associations between physical activity in young adulthood and subsequent risk for CaP ( 164,174,175), one showed an inverse association for physical activity during 
puberty (142), and one found an association with physical activity during youth, as well as during middle and older ages ( 108).

Several recent large prospective cohort studies, the Harvard Alumni cohort and the Health Professionals' Follow-Up Study, have found no overall association between 
physical activity and CaP risk (176,177). However, more detailed analyses revealed an interesting pattern in both studies. In the Harvard Alumni cohort ( 176), a lower 
risk among older men who had extremely high energy expenditures was observed. This pattern was essentially replicated in the Health Professionals' Follow-Up 
Study (177), except that this inverse association was limited to metastatic CaP. Part of this difference could be related to the fact that the Harvard Alumni Study was 



conducted before widespread PSA screening; thus, the CaPs diagnosed tended to be more aggressive than those diagnosed in the Health Professionals' Follow-Up 
Study, in which a clear relationship was only with metastatic cancer. In contrast to an inverse association with CaP suggested only with very high activity levels, both 
cohorts demonstrated that moderate activity levels are associated with a lower risk of colon cancer, as well as other conditions. Perhaps relevant to the CaP findings, 
reductions in serum T have only been observed with very high levels of physical training but not in men participating in recreational exercise ( 178,179).

Overall, these results suggest that exercise in adulthood is unlikely to either increase or lower risk appreciably, except perhaps for a benefit at very high levels of 
activity. The level of activity required for a benefit, as observed in recent cohort studies, may be too high for everyone to adopt. The tendency for studies to 
demonstrate a positive association between exercise earlier in life and subsequent risk of CaP is worrisome but hardly conclusive. It is possible that higher activity 
levels during adolescence may be secondary to other factors (greater muscle mass or higher androgen levels), and, thus, the association, if confirmed, may not be 
causal in nature.

Animal and Saturated Fat

International per capita fat consumption correlates with international CaP incidence and mortality rates ( 7). Animal sources of fat, primarily from red meat and dairy 
sources, appear most strongly related to risk based on this indirect measurement. Animal fat and saturated fat intake derived from diet histories of samples of men 
representing five ethnic groups residing in Hawaii correlates highly ( r = 0.9) with CaP incidence rates in these five groups (180). Table 8-1 and Table 8-2 summarize 
the extensive data available on the relationship between dietary fat, meats, and dairy products and risk of CaP from epidemiologic case-control and cohort studies. In 
general, a positive association between CaP and intake of dietary fat, higher-fat foods , meat, and dairy foods has been observed in most (75,108,149,157,158 and 
159,181,182,183,184,185 and 186), but not all, (76,132,187,188,189 and 190) case-control studies (Table 8-1). These studies have been conducted in diverse 
populations, and the results have often been adjusted for potential confounding factors. In a multiethnic case-control study, positive associations between saturated 
fat and CaP risk, particularly for advanced cancers, have been observed separately for African-Americans, whites, Chinese-Americans, and Japanese-Americans 
(108). Most of these studies examined diet as recalled relatively recently before the diagnosis in cases. In a Swedish case-control study, no association was found 
between total dietary fat or specific fatty foods consumed during adolescence ( 142). However, it is unclear how well adolescent diet was recalled by middle-aged and 
elderly men.

TABLE 8-1. SUMMARY OF CASE-CONTROL STUDIES OF INTAKE OF FATTY ANIMAL FOODS AND PROSTATE CANCER RISK

TABLE 8-2. SUMMARY OF COHORT STUDIES OF DIETARY FAT ANIMAL FOODS AND PROSTATE CANCER

Prospective cohort studies are generally less prone to recall bias than case-control studies ( Table 8-2). Findings for dietary fat and CaP from early prospective cohort 
studies did not support the hypothesis that high intake of saturated fat increases risk of CaP ( 101,173). However, these studies tended to use relatively crude dietary 
assessment instruments, and the span between diet assessment and diagnosis may have been too long if diets changed substantially over time. These factors would 
tend to attenuate any associations. In two cohort studies of Seventh-Day Adventists ( 100,161), men with relatively high consumption of animal products had a greater 
CaP risk. Two cohort studies, in which diet was assessed at most 5 years before diagnosis, found that men with higher consumption of red meat, total animal fat, and 
fatty animal foods had double the risk of CaP ( 104,191). In a cohort of relatively young Norwegians (163), no association was observed for overall fat consumption, 
but a positive relation with CaP for consumption of certain high-fat meats (e.g., hamburger and meatballs) was seen.

In some studies, associations with fat were stronger for advanced CaP than for total CaP occurrence ( 108,159,161,191). These findings suggest that dietary fat 
influences late stages of carcinogenesis or that fat primarily or solely influences lesions that have the capacity to progress.

Dairy Products and Calcium

National per capita milk consumption correlates highly with national CaP mortality rates ( Fig. 8-1). In fact, the magnitude of the correlation between CaP mortality and 
milk (r = 0.69) is greater than it is for other foods high in animal fat (e.g., meats, r = 0.39) (192,193). Relative to nondrinkers, or men who rarely drink milk, men 
consuming substantial milk, as well as other dairy products, are at increased risk for CaP in case-control ( 149,181,182 and 183,188,194,195) and prospective cohort 
(104,161,196) studies (Table 8-1 and Table 8-2). The results based on inter- and intranational studies, as well as case-control and cohort studies, indicate that milk 
and dairy products increase CaP occurrence or progression. Although this association may be related to the fat content of these products, in some cases skim or 
low-fat milk appears to be a risk factor ( 185,196,197), suggesting that milk imparts an excess risk beyond that of fat alone.

A positive association between calcium intake and CaP risk has been postulated ( 196). This relation may be indirectly inferred by the observed association with skim 
or low-fat milk and dairy consumption, the primary sources of calcium in most countries. A U.S. prospective cohort study ( 196) and a Swedish case-control study (195) 
found a positive association between calcium intake and CaP risk. In the cohort study ( 196), both dietary and supplemental sources of calcium were independently 
associated with increased CaP risk. The association between calcium supplements and enhanced CaP risk suggests that the calcium component of dairy foods, 
rather than some other aspect, confers elevated risk. When examining extreme contrasts in risk, achievable because of the high calcium content in supplements, four- 
to fivefold risk elevations for metastatic CaP were observed between the extreme high (greater than 2,000 mg per day) and low (less than 500 mg per day) intakes of 
calcium.

Western Dietary Pattern, Hormones, and Prostate Cancer

Evidence suggests that certain endocrinologic patterns are related to risk of CaP, owing to enhanced cell proliferation and angiogenesis and reduced cellular 
differentiation and apoptosis. Specifically, high levels of T and IGF-1, and low levels of SHBG, IGFBP-3, and 1,25(OH) 2D are associated with an increased risk of CaP 
incidence or progression. Many features of the Western diet and lifestyle appear to yield this “high-risk” hormonal milieu. These relationships, which may affect the 



progression of CaP at various stages throughout the life cycle, are summarized in Figure 8-2. This dietary pattern consists of high consumption of red meat, dairy 
products, animal fat, and protein, and is energy dense. Also, diets high in dairy products tend to be high in bioavailable calcium, as calcium from milk is approximately 
three to four times more bioavailable than is calcium from plant-based foods.

FIGURE 8-2. Summary of the proposed relationships among Western dietary factors, hormonal milieu, cell dynamics, and different stages of prostate carcinogenesis. 
, increased; ¯, decreased; 1,25(OH) 2D, 1,25-dihydroxyvitamin D; IGF-1, insulinlike growth factor 1; IGFBP-3, IGF-binding protein 3.

Severe restriction of energy or protein intake lowers IGF-1 levels ( 198,199 and 200). In rodents, IGF-1 appears to mediate some of the anticancer effects of energy 
restriction (138,201,202). In a cross-sectional study (203), men who consumed less fat had lower plasma T levels. Similar findings were observed in studies in which 
dietary fat intake was reduced (204,205). However, not all studies have found a relation between fat intake and T levels ( 89). The intervention studies have not been 
controlled carefully for total energy intake, however, so it is quite possible that this effect on T levels was primarily related to reduced energy intake.

Important questions about these relationships remain. First, it is unclear whether responses related to relatively short-term adaptations of weeks or months to changes 
in energy balance, as done in intervention studies, are relevant for nutritional effects for carcinogenesis that can occur over a period of decades. Moreover, the 
degree of energy restriction required to produce a benefit, as well as the etiologically relevant time period, adolescence or adulthood, or both, is unknown. For 
example, the endocrinologic effects of energy and protein restriction severe enough to cause growth retardation during adolescence when the prostate gland is 
growing most rapidly may be sufficient to reduce CaP incidence. However, whether moderate nutritional alterations later in adulthood can impact CaP risk through 
hormonal mechanisms remains unanswered.

A mechanism underlying the association between milk and calcium intake and CaP is not established, but a plausible mechanism related to vitamin D metabolism has 
been suggested (196,206). As discussed earlier, 1,25(OH)2D, which is involved in augmenting absorption of calcium, also plays a role in the control of proliferation 
and differentiation of prostatic epithelial cells. Higher-circulating levels of calcium down-regulate production of 1,25(OH) 2D, and, thus, ingestion of higher amounts of 
calcium suppresses 1,25(OH)2D levels. Milk and dairy products, and calcium supplements are likely to be a dominant factor influencing 1,25(OH) 2D levels because of 
their high concentration of bioavailable calcium. The impact of calcium intake on 1,25(OH) 2D levels appears to be substantial enough to influence CaP, although this 
mechanism remains speculative at this point (196,206).

Unsaturated Fat

An effect of fat may also be related to fatty acid content. Specific fatty acids may induce changes in ligand receptor–binding or modulate receptor activity because of 
altered cell membrane fatty acid constituents, or may change prostaglandin production ( 207). Few studies have examined intake of specific fatty acids in relation to 
CaP. For example, because linoleic acid appears to have a tumor-promoting effect in animal studies, it is important to examine this fatty acid in epidemiologic studies. 
A recent metaanalysis found that when comparing high to low intake of linoleic acid, the combined RR for CaP was 1.27 [95% confidence interval (CI), 0.97 to 1.66] 
from case-control studies and 0.83 (95% CI, 0.56 to 1.24) for prospective studies ( 208). The apparent differences between the animal and human studies may be that 
a minimum amount of linoleic acid is required to promote tumor growth, but above this threshold, linoleic acid may not be a tumor promoter.

a-Linolenic acid, an omega-3 polyunsaturated fatty acid found in red meat and butter as well as some vegetables, is associated with an increased risk of advanced 
CaP (191). Prediagnostic blood levels of a-linolenic acid were positively associated with CaP in case-control studies nested within a cohort ( 207,209). a-Linolenic acid 
is incorporated into cell membrane phospholipids in which it may influence cell membrane fluidity. Because of its high degree of unsaturation, this fatty acid is quite 
prone to oxidative attack. Although mechanisms for a role of a-linolenic acid in CaP development remain speculative, the relative consistency of the epidemiologic 
studies indicates that the impact of this fatty acid on prostate epithelial function should be further studied. Long-chain omega-3 fatty acids, primarily from fish oils, 
have been hypothesized to lower risk of cancer, including CaP, but human data are quite sparse.

Soy-Based Food Products

One of the major differences between the typical “Asian” and “Western” diets is that soy foods are an important dietary component in many Asian populations but are 
rarely consumed in the West. Because Asian men tend to be at lower risk for CaP, putative beneficial effects of soy products have been hypothesized. Some in vitro 
work indicates that isoflavones found in high concentrations in soy products, particularly genistein and daidzein, may lower CaP risk. These isoflavones have been 
shown to inhibit the growth of both androgen-dependent and -independent CaP cell lines. Although the in vitro work is promising, data from epidemiologic studies and 
human intervention trials are very sparse. More research into the role of soy products in human studies is warranted. Even if specific benefits from soy products are 
not confirmed, increased intake of soy protein as a replacement for meat and dairy sources of protein could still be an important component of a “low-risk” CaP diet, 
as animal sources of protein have been consistently related to higher risk of CaP.

Retinol and b-Carotene

Several lines of evidence suggest a role for vitamin A or retinol in prostate carcinogenesis. Vitamin A is critical in maintaining normal proliferation and differentiation in 
many types of cells (210), and retinoids inhibit cancer, including CaP ( 211), in some animal models (210). However, retinoids have been known to stimulate 
carcinogenesis in some experimental systems (212,213). Epidemiologic studies have examined intakes and circulating levels for retinol and b-carotene, the major 
precursor for vitamin A, in relation to risk of CaP. One prospective study showed an inverse association of CaP with retinol intake ( 101), whereas another prospective 
study (214) and a case-control study (75) found no consistent association. Circulating retinol levels are tightly regulated and, thus, are not substantially influenced by 
the normal range of dietary retinol intake. Some epidemiologic studies have found positive associations for retinol intake and CaP risk among older men 
(158,159,182,214,215). Higher prediagnostic serum vitamin A levels were related to a lower CaP risk in two studies ( 216,217) but not in others (218,219). In a recent 
study of U.S. physicians (220), higher prediagnostic retinol levels were related to an elevated risk of CaP, but this finding was limited to nonaggressive CaP.

Two potential anticarcinogenic roles for b-carotene are control of cell growth via conversion into vitamin A and its properties as an antioxidant ( 221). Some studies 
show an inverse relationship for intake of b-carotene and CaP ( 75,183,187,188), although the prospective Health Professionals' Follow-Up Study ( 214), the Western 
Electric Study (222), and a randomized intervention trial with a b-carotene arm ( 223) showed no association. Unlike the Western Electric Study, in which there was a 
30-year span between diet assessment and end of follow-up, the null findings in the other two studies, in which the span was less than 10 years, are unlikely to be 
due to misclassification from changing dietary practices. Serum b-carotene was not associated with CaP in three nested case-control studies ( 217,218 and 219).

Fruits, Vegetables, Tomato Products, and Lycopene

For many cancers, fruits and vegetables appear to confer protection. However, most existing data do not strongly support an important role of fruits and vegetables in 
reducing CaP risk overall. However, a recent analysis indicated that fructose (fruit sugar), both from fruit directly or as a sweetener, was related to a lower risk of CaP 
(196). Most other studies have not indicated a benefit of fruits, but these have not examined fructose specifically.



Although overall fruit and vegetable consumption does not appear to be protective, relatively high intakes of one or a few rich sources of specific phytochemicals may 
have a role. The group of phytochemicals that has received most study is the carotenoids, a group of at least 600 compounds, although only approximately 14 are 
found in appreciable levels in human tissues. The most common carotenoids in the human diet are b-carotene, a-carotene, lycopene, lutein, and b-cryptoxanthin. In 
biologic systems, carotenoids react with free radicals and singlet oxygen ( 224), generated by normal cellular respiration and possibly by exogenous sources, such as 
cigarette smoking. Antioxidants limit oxidative damage to the cell membrane lipid bilayer and to DNA. Cells have complex, multifaceted systems to limit oxidative 
damage; it is possible, but not proven, that dietary antioxidants such as carotenoids complement these imperfect systems.

In recent years, focus on lycopene has increased. Lycopene, a carotenoid found primarily in tomatoes, is the most efficient carotenoid in quenching singlet oxygen 
species (225), and is likely an effective radical scavenger in vivo (226). It inhibits proliferation of cancer cells in vitro (227), including CaP cell lines induced by 
stimulation with DHT (228), and in vivo (229). In a recent human trial, dietary lycopene provided by tomato juice, spaghetti sauce, and tomato oleoresin resulted in a 
significant reduction of thiobarbituric acid–reactive substances, which is a measure of lipid oxidation ( 230). Lycopene is the most abundant carotenoid in plasma 
(231,232) and in prostate tissue, accounting for 30% of all carotenoids on average ( 233).

Epidemiologic studies that have evaluated tomato or lycopene intake or level in relation to CaP risk are summarized in Table 8-3. A case-control study conducted in 
Minnesota (183) found an inverse association between tomato intake and CaP risk, although the study was relatively small and the result was not statistically 
significant. Another case-control study, conducted in a multiethnic population in Hawaii ( 234), found no association between consumption of tomatoes and CaP risk. 
However, the actual intake levels were not reported, and it did not appear that tomato-based products, such as tomato sauce, were specifically considered in this 
study. A case-control study conducted in the United Kingdom (235) found no association between raw or cooked tomatoes and risk of CaP. However, the strongest 
diet-CaP association found was for baked beans (RR, 0.52; 95% CI, 0.31 to 0.88). Tinned baked beans, usually stored in tomato sauce, are a rich source of lycopene. 
A case-control study conducted in Athens found a slight inverse association between raw tomato consumption and CaP risk ( p = .12), and a stronger inverse 
association with cooked tomatoes (p = .005) (236).

TABLE 8-3. SUMMARY OF EPIDEMIOLOGIC STUDIES EXAMINING TOMATO INTAKE OR LYCOPENE INTAKE, OR LEVEL AND PROSTATE CANCER RISK

Four prospective dietary studies ( 100,214,237,238) have reported on the relationship between tomato or lycopene consumption and CaP risk ( Table 8-3). In a cohort 
of 14,000 Seventh-Day Adventist men (100), higher consumption of tomatoes was statistically significantly related to lower risk of CaP. The results remained 
statistically significant in a multivariate analysis controlling for other food items. The only other food groups related to a lower CaP risk were beans, lentils, and peas. 
b-Carotene–rich foods were unrelated to risk. In a larger study, the Health Professionals' Follow-Up Study, which had a more comprehensive dietary questionnaire 
(214), the intake of the carotenoids b-carotene, a-carotene, lutein, and b-cryptoxanthin was not associated with risk of CaP, but high intake of lycopene was related to 
a statistically significant 21% reduction in risk. Also, high intake of tomatoes and tomato products, which accounted for 82% of lycopene, was associated with a 35% 
lower risk of CaP and a 53% lower risk of advanced CaP. Tomato sauce had the strongest inverse association with CaP risk [RR, 0.66; 95% CI, 0.49 to 0.90 for two or 
more servings per week compared to none; p (trend) = .001], and weaker inverse associations were observed with tomatoes and pizza, but not with tomato juice. Of 
note, the degree of reduction of CaP risk by the tomato-related products (tomato sauce, substantial reduction; tomatoes and pizza, moderate reduction; and tomato 
juice, no reduction) corresponded with the degree that intake of these items correlated with plasma lycopene levels in a sample of men. Preliminary results from two 
other cohort studies (237,238) also support an inverse association between tomato or lycopene intake and CaP risk.

Three studies (217,220,239) have reported on the risk between prediagnostic serum carotenoids and risk of CaP. The first report, a study by Hsing et al. ( 217), was 
based on serum obtained in 1974 from 25,802 persons in Washington County, Maryland. This study found a 6.2% lower median serum lycopene level in men with 
CaP diagnosed during a 13-year period compared to age- and race-matched controls. The RR was 0.5 (95% CI, 0.20 to 1.29) between high and low quartiles of 
lycopene. No other carotenoid was associated with CaP risk in this study. Recent results from the PHS ( 220) based on 259 cases of aggressive CaP (extraprostatic or 
Gleason grade greater than or equal to 7 or poorly differentiated) found a statistically significant RR of 0.56 [95% CI, 0.34 to 0.92; p (trend) = .05] when comparing 
high to low quintiles of plasma lycopene.

A study of prediagnostic levels of serum carotenoids and CaP risk was conducted between 1971 and 1993 in a Japanese-American population in Hawaii ( 239). No 
association between serum lycopene levels and risk of CaP was found, but several characteristics of the study may have contributed to the null association. Only 14 
cases occurred within the first 5 years of follow-up. In the PHS, which reported a significant inverse association with serum lycopene ( 220), this finding was strong in 
the first 7 years but became attenuated over time. Moreover, the Hawaii study included “low virulence” CaP (28% were diagnosed incidentally during surgery for 
benign prostatic hyperplasia), and both the PHS (plasma-based) and Health Professionals' Follow-Up Study (dietary-based) indicated associations largely limited to 
“aggressive” CaP. Also, in the Hawaii study, the serum lycopene levels were quite low—that is, the median serum concentration among controls was only 134 ng per 
mL, compared to 320 ng per mL in the Hsing et al. study (217), 424 ng per mL in the sample of 121 health professionals ( 214), and 387 ng per mL in the PHS (220). 
This may indicate either very low intake of lycopene in this population or degradation of lycopene in stored samples. Finally, men of Asian descent appear to have an 
inherently low susceptibility to CaP ( 3,5,6,240) and may be the group least likely to benefit from lycopene.

Overall, the epidemiologic data indicate that intake of tomatoes and tomato products may lower risk of CaP, especially aggressive CaP. This benefit may be related to 
lycopene, but other potential beneficial substances instead of or combined with lycopene cannot be excluded. Although lycopene has the highest concentration of the 
14 carotenoids found in human serum, tomato-based products are the major sources of approximately half of them (particularly the more lipophilic carotenoids). 
Definitive proof may await a randomized trial, but the available data suggest that adequate consumption of tomato and tomato-based products may be prudent. This 
recommendation is consistent with current guidelines to increase fruit and vegetable consumption to lower risks of cancer and other health-related conditions. The 
specific use of lycopene-concentrated pills, however, needs to be evaluated in trials before recommendations can be made.

Vitamin E

Vitamin E, or tocopherol, an essential nutrient with antioxidant properties, has been proposed to possess anticancer properties. Some evidence suggests that vitamin 
E may decrease the growth of CaP cells by inducing apoptosis of cells with damaged DNA ( 241). Epidemiologic data regarding vitamin E and CaP risk are relatively 
sparse. In Switzerland, male smokers with low prediagnostic serum levels of vitamin E were at an increased risk of fatal CaP ( 219). No clear association was seen for 
serum total, a-, d-, and g-tocopherols (the three main tocopherols in the serum), and CaP in nested case-control studies among Japanese-American men ( 218) and in 
a U.S. cohort study (217). However, interest in this relationship has reemerged as a result of a randomized trial of b-carotene and vitamin E in the prevention of 
cancer in Finnish smokers. In that study, a statistically significant 32% reduction in CaP incidence and a 41% reduction in CaP mortality was observed among the men 
who were randomized to receive vitamin E supplementation compared to those who received a placebo ( 223). Of note, no association between baseline a-tocopherol 
levels and CaP risk was noted in this trial ( 242).

In a recent analysis of 1,896 cases of CaP in the Health Professionals' Follow-Up Study, vitamin E supplementation was not related to a lower risk of CaP ( 243). This 
study was very large and had biennially updated measures of vitamin E supplement intake. In a subsample, men reporting vitamin E supplement use had substantially 
higher levels of plasma tocopherol, validating the self reported exposure. In an analysis of baseline plasma samples in the PHS ( 220), a-tocopherol was not related to 
overall risk of CaP, but a slight association was suggested in an analysis limited to 259 aggressive CaP cases [RR, 0.64 for top versus low quintile; p (trend) = .11]. 



This association was slightly stronger for current or ex-smokers (RR, 0.51; 95% CI, 0.26 to 0.98) than for never smokers (RR, 0.84; 95% CI, –0.36 to 1.94).

Although the data regarding vitamin E use and CaP risk are relatively sparse and conflicting, the inverse association observed in a randomized trial is intriguing. Also, 
studies that have examined smokers have found vitamin E potentially protective in this group. The potential interaction between vitamin E and smoking should be 
studied, and vitamin E status needs to be taken into account in future studies of smoking and CaP risk.

Selenium

Selenium is essential for the activity of glutathione peroxidase, an important antioxidant enzyme ( 244). In animal models, selenium, when administered at high levels, 
reduces carcinogen-induced tumorigenesis ( 245). In the United States, states having higher soil selenium concentrations have experienced lower incidence and 
mortality rates from certain malignancies (246). However, studies correlating soil selenium concentration and regional CaP rates within the United States have yielded 
either weak inverse or null results ( 246,247 and 248). Internationally, a strong inverse association has been observed between CaP mortality and selenium intake ( r = 
–0.65, p = .0001) and blood selenium levels ( r = –0.72, p = .001).

In epidemiologic studies, selenium intake cannot be easily measured, because the selenium content in foods depends primarily on the concentration of selenium in 
the soil in which the food plant (or animal feed for meats and dairy products) was cultivated. Data from prospective studies have been relatively sparse for CaP, with 
less than 100 total cases in the literature having been reported until the past several years. The only relatively large study (n = 51 cases) had been conducted by 
Knekt et al. (249) in Finland, a region that has a very low soil selenium content. This study found no benefit of selenium on CaP, despite finding strong inverse 
associations for various other cancers. In a randomized study by Clark et al. ( 247,250), a striking reduction in CaP risk was observed among men randomized to 
selenium relative to a placebo (RR, 0.37; p = .002). In this study, 13 CaP cases occurred in the selenium-treated group and 35 cases in the placebo group. After 
restricting the analysis to men with initially normal levels of PSA (less than or equal to 4 ng per mL), only four cases were diagnosed in the selenium-treated group 
and 16 in the placebo group (RR, 0.26; p = .009). Men with PSA values higher than 4 ng per mL also benefited, and the treatment effect of selenium increased as 
baseline levels of selenium decreased. This study was designed to examine the impact of selenium supplementation on risk of recurrent skin cancer, and CaP was 
not a primary end point when the study was initiated.

After the report by Clark et al., the relationship between selenium status and CaP risk was examined in a case-control study based on toenail selenium levels nested 
within a cohort study (251). There were 181 cases of advanced CaP and 181 age-matched control pairs in this subsample of the Health Professionals' Follow-Up 
Study. Men in the highest quintile of selenium had an RR of 0.35 (0.16 to 0.78) for advanced CaP relative to those in the lowest quintile. To avoid the impact of 
undiagnosed disease, a 2-year lag was used between the collection of toenail clippings and the start of follow-up.

Other relevant data came from Finland when in 1984 fertilizers were fortified with selenium because of the very low selenium level in the soil. Within a year, selenium 
levels in representative populations in Finland were noted to rise dramatically by approximately 70% ( 252). Levels were initially much lower than those in the United 
States but became comparable to U.S. levels after fortification. Over the next 10 years, CaP incidence rates continued to rise in Finland. This rise could be related to 
enhanced detection of CaP, but CaP mortality rates have been relatively unchanged, suggesting no impact of selenium. It is unclear why studies in the United States 
indicate a benefit of selenium (250,251), whereas data from Finland based on the study by Knekt et al. ( 249) and the experience with supplementation do not support 
a lowering of CaP risk with higher selenium intake. Although the data from Finland appear to argue against an important role for selenium, resolving the potential 
impact of selenium as a preventive agent against prostate carcinogenesis should be a top priority, based on the provocative evidence from U.S. studies.

SUMMARY

CaP is a major public health problem in economically developed countries. In the United States, CaP now accounts for 30% of all new cancer diagnoses in men. Even 
if age-specific incidence rates do not rise, the burden of this cancer is expected to increase as individuals live longer, because rates rise dramatically with age. In 
addition to being a major cause of mortality, CaP is associated with substantial morbidity and places a huge strain on the health care system.

The causes of CaP are complex, involving interactions among genetic, dietary, hormonal, and lifestyle factors. The definitively established risk factors for CaP, 
including older age, positive family history, and African-American race or ethnicity, are nonmodifiable. Increasing evidence from diverse sources indicates that normal 
biologic variations in endocrinologic factors, including the sex steroid, vitamin D, and IGF axes, are major determinants of CaP. The variation in these factors among 
individuals is in part inherited, but external factors, including nutrition, are likely also to be important. Many of the potential suspected and established risk factors for 
CaP may act through these endocrinologic axes. Accumulating evidence strongly indicates that, although CaP tends to occur generally very late in the life cycle, a 
substantial component of the individual risk may be determined by an early age. Thus, it is critical to determine during what stages of prostate carcinogenesis the 
influence of certain factors is exerted. A better understanding of the interrelationships among hormonal factors and age should be an important focus of future 
research into CaP etiology.

Although our understanding of potentially modifiable causes of CaP is far from desirable, recent studies suggest potential targets for preventive interventions. 
Recently identified modifiable factors that eventually may be targets for intervention but require further investigation are the benefits to be derived from higher intake 
of tomato products or, specifically, the carotenoid lycopene, trace mineral selenium, vitamin E, and other antioxidants. High intake of red meat and dairy products in 
particular has been consistently related to greater risk of CaP. Although fat or a type of fatty acid may underlie these associations, other components related to this 
dietary pattern should be evaluated. Calcium from dairy products has been shown to lower 1,25(OH) 2D levels that may regulate prostate epithelial cell proliferation 
and differentiation. Based on these important leads, continued research into the potentially modifiable risk factors for CaP should be a top priority.
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INTRODUCTION

Two great, interrelated mysteries dominate the epidemiology of prostate cancer. The first is that the racial-ethnic and international variation in prostate cancer 
incidence, with the prostate historically being among the greatest of all cancer sites, is still largely unexplained ( 1). The second is that this remarkable variation in 
incidence rates exists despite the fact that occult, subclinical prostate cancer reportedly occurs at very high but relatively comparable rates among those same 
populations at the extremes and in the middle of the racial-ethnic spectrum in risk of clinical disease ( 2). Thus, those factors that induce subclinical prostate cancer 
occur with equal frequency across racial-ethnic groups, whereas those that cause subclinical prostate cancer to progress (or clinical prostate cancer to appear de 
novo) vary greatly across the same groups. Progress has been made in recent years in understanding risk factors, particularly dietary risk factors, for prostate cancer 
(1), and slower progress is being made in understanding the basis for the strong familial association consistently observed for prostate cancer. However, neither 
improved understanding of dietary risk factors nor understanding the molecular genetic basis of familial risk has contributed substantively to date in understanding the 
racial-ethnic comparability of occult disease in the face of huge racial-ethnic variability in clinical disease. Review of progress in these other areas (diet, family history) 
is made elsewhere in this section. We focus in this chapter on the genetic epidemiology of prostate cancer, emphasizing particularly those aspects with the greatest 
potential for understanding racial-ethnic variation in incidence and disease progression.

MOLECULAR GENETICS OF PROSTATE CANCER INCIDENCE

The molecular genetics of prostate cancer related to etiology (constitutional or germline genetic risk) have progressed substantially since 1996 primarily through use 
of the candidate gene approach—that is, targeting genes whose functions would predict that they might play an etiologic role. Four areas seem to have been 
particularly productive to date, and these would appear to offer the greatest opportunities in the near future to improve our understanding of the molecular genetic 
basis of this disease: (a) androgen metabolic pathways as the major control pathway of cell division in the prostate; (b) vitamin D metabolism pathways as an 
alternative or complementary control pathway for cell division, as well as a procell differentiation pathway; (c) insulinlike growth factor (IGF) signaling pathways as an 
alternative or complementary pathway for prostate cell division; and (d) clinical carcinogen metabolic pathways (especially those involving glutathione S-transferases). 
The latter is probably the least attractive epidemiologically, as nothing in the epidemiology of prostate cancer suggests any strong involvement of chemical 
carcinogens.

Genes that predispose to cancer are now usually organized into two main categories. The first category includes those single-locus genetic traits that in mutated 
forms directly cause cancer, typically with a high lifetime penetrance. It is these genes that are responsible for the very strong familial risk patterns seen for some 
cancers, including cancer of the prostate. The genetic basis for familial prostate cancer is discussed in detail elsewhere in this section and is addressed only 
minimally here. The other category of genes predisposed to cancer includes those that alter risk by participating in the formation, activation, transport, or metabolism 
of an endogenous or exogenous carcinogen. These genes have been generally identified by the candidate gene approach—that is, as noted previously, they have 
been investigated because their function has suggested a possible role in the development of a specific tumor. Mutations or functional polymorphisms in these genes 
alter risk of cancer indirectly, and typically these altered genes, in contrast to the true hereditary risk genes, carry with them only modest risk alterations. It is these 
genes that are emphasized below. As the true inherited forms of prostate cancer are rare (estimated to cause at most 9% of all disease), the single inherited 
susceptibility trait loci, despite the high absolute risk that they carry, account for a relatively small attributable risk. The high-risk alleles of the candidate genes, on the 
other hand, can be quite common in the population; therefore, despite low absolute risk, they may carry with them a more substantial attributable risk. Moreover, there 
is a growing consensus that multiple such genes may modify risk in the same etiologic pathway so that in combination these may account for an even larger fraction of 
all disease.

In seeking candidate genes for prostate cancer, a number of criteria should be applied. Obviously, the candidate gene should be chosen along a plausible biologic 
pathway. To be evaluated as a potential contributor to prostate cancer risk and to be studied by available epidemiologic means, the gene locus should be polymorphic 
or have one or more relatively common mutations (or multiple mutations that in combination are reasonably common) in the population. The polymorphisms or 
mutations, or both, must be shown to be functional—that is, they must change either quantitatively or qualitatively the function of the gene protein product as 
measured, for example, by in vitro transfection-type assays or by assessing biochemical phenotypes in vivo (alternatively, nonfunctional polymorphisms have been 
used epidemiologically with implied linkage to functional differences). Functional significance will reduce the likelihood that an association observed with prostate 
cancer is simply a chance observation or an artifact of underlying genetic variance between a population of prostate cancer patients and a comparison population that 
is unrelated to prostate cancer risk per se. As racial-ethnic variability is such a powerful feature of prostate cancer epidemiology, variability in the prevalence of the 
putative high-risk (or low-risk) allele corresponding to the ranking of different racial-ethnic groups in their respective prostate cancer incidence is also desirable. 
Finally, in studying candidate genes as risk factors for prostate cancer, one must consider the distinct possibility that a particular gene might contain multiple 
functional allelic loci and that any given individual could have both high and low risk functional loci within the same gene, perhaps resulting in that individual's having 
an overall risk of prostate cancer associated with that gene that is no different from the population as a whole.

ANDROGEN METABOLISM PATHWAYS

As there is substantial indirect evidence for a role of androgens in prostate cancer etiology, there is also strong rationale to investigate genetic control of androgen 
metabolism in relationship to prostate cancer risk ( 3). The primary role of androgens in regulating cell division in the prostate is undisputed and, in and of itself, makes 
a compelling argument for investigation of a role of androgen metabolic pathways in prostate cancer etiology ( 4). However, other evidence speaks to a likely role for 
androgens as well. Although it has historically been difficult to produce experimental models of prostate cancer with histologic or morphologic features that closely 
mimic the human disease and there still exist relatively few such models, those models that do exist uniformly require androgens for tumor induction or tumor 
progression, or both (5,6). Although proponents for an androgen role in prostate cancer development point to the fact that men with conditions of substantial androgen 
deficiency, such as eunuchs or men with constitutional 5a-reductase deficiency (the enzyme required for metabolic activation of testosterone in the prostate), not only 
have underdeveloped prostates but also have never been reported to develop prostate cancer, there has never in actuality been a systematic epidemiologic study of 
this question.

The difficulties in proving that high endogenous hormone levels (e.g., in blood or urine), such as androgens, cause a particular disease or that low levels protect 
against it have been the topic of previous detailed reviews ( 7). The most important of these include sporadic and episodic variations in the hormones under study, the 
imprecision of the laboratory assays to measure these hormones, and the usually unknown relationship between blood and urine levels (i.e., accessible biologic 
“compartments” for human studies) and target tissue levels, which are usually inaccessible on an individual basis and always inaccessible in large-scale 
population-based epidemiologic studies. Nonetheless, the best-designed prospective study on this issue (i.e., a study designed in such a way that baseline blood or 
urine samples are available on a large cohort of healthy men who are then followed for prostate cancer development) found that men in the highest quartile of 
circulating testosterone levels had a 2.4-fold increased risk of prostate cancer compared to men in the lowest quartile after allowing for levels of sex hormone–binding 



globulin, which is a protein that binds testosterone and makes it unavailable to target tissues ( 8).

There is evidence that androgens may explain a significant part of the racial-ethnic variation in prostate cancer incidence and mortality. African-American men have 
higher exposure to testosterone than their white and Asian counterparts ( 9,10). This exposure difference appears to start in the in utero period, because 
African-American women at any given point in early pregnancy have testosterone levels that exceed those of white women by 50% or more ( 11). This observation led 
Henderson and colleagues to speculate that these high testosterone exposures in utero might contribute to high prostate cancer rates later in life by permanently 
altering the gonadostat—that is, the hypothalamic-pituitary-testicular axis in African-Americans relative to whites—or by permanently altering the sensitivity of 
androgen target tissues in African-Americans relative to whites ( 12). Whatever the contribution of this in utero testosterone exposure, high testosterone levels in 
African-American men compared to whites also occur in young adulthood ( 9) but gradually decline through midlife ( 10). For men in their early 20s, this difference may 
be as large as 15% or more, but for men in their early 40s, circulating testosterone levels in African-American men average only roughly 3% higher than in whites ( 10). 
Nonetheless, differences of these magnitudes are sufficient to explain much of the excess risk of prostate cancer in African-Americans ( 9). An extension of this 
thinking would hypothesize higher testosterone levels in Asian populations, such as China or Japan. There is no evidence to support this notion. However, it is now 
well established that such Asian men have substantially reduced circulating levels of androstanediol glucuronide, a biochemical correlate of 5a-reductase activity 
(13,14). In fact, this observation provided a substantial part of the rationale for the ongoing national chemoprevention trial for prostate cancer using the 5a-reductase 
inhibitor finasteride ( 13).

The relationship between genetic control of androgen metabolic pathways and prostate cancer risk is just beginning to be understood. As there are literally hundreds 
of genes directly or indirectly involved in this pathway, a totally complete and detailed understanding of this relationship likely will not be forthcoming in the 
foreseeable future. Genes of particular interest currently include

1. Those involved in androgen biosynthesis. Among endogenous human androgens, testosterone and dihydrotestosterone are the most potent biologically, and of 
these two, testosterone produced primarily in the testes throughout life is by far the more abundant. Other androgens, such as dihydroepiandrosterone and its 
sulfate conjugate produced primarily in the adrenals, have some bioactivity in prostate cells, but they are qualitatively and, for the prostate at least, quantitatively 
unimportant. Among the genes involved in androgen biosynthesis in the prostate, only two have undergone preliminary evaluation directly or indirectly in 
relationship to prostate cancer. The CYP17 gene encodes a cytochrome p450 isozyme involved in key points in testosterone biosynthesis in the testes. The 
3b-hydroxysteroid dehydrogenase type II gene encoding type II 3b-hydroxysteroid dehydrogenase catalyzes the conversion of androstenedione to testosterone 
in the testes and also (perhaps as a different isozyme) is one of the two enzymes involved in the inactivation of the highly bioactive androgen 
dihydrotestosterone in the prostate (it is discussed below in the context of this latter function).

2. Those involved in androgen transport and signal transduction. These genes encode products that transport androgens in blood (sex hormone–binding globulin) 
and in the prostate [the androgen receptor (AR)] and affect expression of target genes. The latter has been reasonably well-studied epidemiologically in 
relationship to prostate cancer.

3. Those involved in androgen metabolic activation [steroid 5a-reductase type II gene (SRD5A2)], and inactivation (e.g., 3a-hydroxysteroid dehydrogenase, type II 
3b-hydroxysteroid dehydrogenase, and CYP3A4 genes). The former gene has been explored somewhat in relationship to prostate cancer risk, whereas the 
latter three are in the very initial stages of exploration.

4. Those downstream genes that are transactivated by the AR, such as the prostate-specific antigen gene. There have not yet been any reports related to this 
category of genes, many of which remain to be identified.

An overview of genetic control of androgen stimulation of the prostate is provided in Figure 9-1.

FIGURE 9-1. A diagram demonstrating the sites of activity of the gene products of certain candidate genes in the androgen metabolism and Vitamin D signaling 
pathways. AR, androgen receptor; DHT, dihydrotestosterone; HSD3a, 3a-hydroxysteroid dehydrogenase; HSD3b2, 3b-hydroxysteroid dehydrogenase type 2; SBG, 
sex hormone binding globulin; SRD5A2, steroid 5a-reductase type II; T, testosterone; 1,25D 3, 1,25 dihydroxy vitamin D3. (Adapted from Ross RK, Pike MC, Coetzee 
GA, et al. Androgen metabolism and prostate cancer: establishing a model of genetic susceptibility. Cancer Res 1998;58:4497–4504.)

Androgen Biosynthesis

The CYP17 gene encodes one of the p450 isozymes (cytochrome p450c17) that catalyzes key steps in testosterone biosynthesis in the testes and the adrenals ( 15). 
The gene, located on chromosome 10, contains a single base pair polymorphism near the promoter region that creates a recognition site for the restriction enzyme 
MspA1. This polymorphism results in two alleles, designated as A1 and A2, and is hypothesized to alter rate of transcription. This notion is supported by the 
observation that young women homozygous for the A2 allele have higher circulating estradiol levels (the enzyme also catalyzes steps in the biosynthesis of 
estrogens) than women homozygous for the A1 allele (16,17). Moreover, at least one study has shown this polymorphism to be related to risk of both male pattern 
baldness in men and polycystic ovarian disease in women, which are disorders strongly correlated with abnormal patterns of androgen biosynthesis and metabolism 
(15). No studies have yet been published on the relationship of this polymorphism to prostate cancer risk within or between racial-ethnic groups, but this would appear 
to be a strong candidate gene for further evaluation.

Androgen Transport

The AR gene, located on the long arm of the X chromosome, encodes a transcription factor, the AR, that serves multiple functions in prostatic epithelium, including 
binding of androgens (dihydrotestosterone and, with lesser affinity, testosterone), translocation of androgens to the nucleus for DNA binding, and transactivation of 
genes with androgen response elements in their promoter regions ( 18). Coetzee and Ross first proposed a specific role for the AR gene in prostate cancer risk 
mediated by a trinucleotide (CAG)n repeat polymorphism in exon 1 (19). They hypothesized that the length of this repeat might be inversely related to prostate cancer 
risk. The hypothesis was based primarily on observations related to Kennedy's disease (spinal and bulbar muscular atrophy), an adult-onset motor neuron disease. 
Kennedy's disease is an X-linked genetic disorder, and the single genetic defect causing this disorder is an expansion of the same CAG microsatellite ( 20). Men with 
Kennedy's disease have, on average, a doubling of the CAG repeat stretch that in men without the disorder has a range of 8 to approximately 36. Coetzee and Ross 
noted that men with this disorder, in addition to the neuromuscular problem characteristic of the disease, also showed evidence of suboptimal androgenization with 
testicular atrophy accompanied by reduced sperm production and reduced fertility and low virilization ( 21,22). They hypothesized that, because a doubling of this 
repeat length appeared to cause reduced androgen activity, differences in androgen activity might also occur within the normal size range of repeats—that is, low 
repeat length being associated with lower prostate androgen activity mediated through the AR than high repeat length. The hypothesis received indirect support from 
the correlation observed between CAG repeat length distribution and prostate cancer incidence rates among healthy men representing different racial-ethnic groups 
(19,23). Thus, African-American men with very high prostate cancer incidence have a relatively low average number of repeats, whereas Asian men (Chinese or 
Japanese) with low prostate cancer incidence have a relatively high number, and white men at intermediate risk have an intermediate range of repeats.

Subsequently, the hypothesis received further support from both clinical observations and in vitro experimental results. Clinically, men with impaired sperm production 
and associated infertility are more likely than otherwise healthy men to have CAG repeat lengths in the long end of the normal range ( 24). Moreover, not only do AR 
genes with the expanded CAG repeat lengths cloned from patients with Kennedy's disease have reduced androgen transactivation activity in transfection assays 
(despite normal binding of androgens to the receptor), but there is also a negative correlation between CAG repeat length and transactivation with AR genes cloned 



from healthy men (25). In fact, total elimination of the CAG repeat causes a marked elevation in transactivation in vitro (26). Ingles et al. eventually tested this 
hypothesis directly and demonstrated in a population-based case-control study among white residents of Los Angeles County that a low number of CAG repeat 
sequences are associated with a high risk of prostate cancer and that this association was particularly noteworthy for men who presented with advanced disease ( 27). 
This observation has been independently confirmed through two other studies ( 28,29). The results of these three studies are summarized in Table 9-1.

TABLE 9-1. SUMMARY OF STUDIES OF THE (CAG)N REPEAT OF THE ANDROGEN RECEPTOR GENE AND PROSTATE CANCER RISK

Details of the familial risk patterns observed with prostate cancer are discussed elsewhere in Chapter 10. Most studies have found a skip pattern of familial prostate 
cancer risk across generations—that is, that men with prostate cancer–affected brothers have approximately twice the risk of men with prostate cancer–affected 
fathers (whose risk is nonetheless still higher than the general population) ( 30,31). Although the AR gene is on the X chromosome, and this inheritance pattern 
suggests a possible X-linked disorder, there is no direct evidence of AR gene linkage in multiplex prostate cancer families ( 32). Nonetheless, a second polymorphic 
marker in the AR gene, a StuI restriction fragment–length polymorphism, which, like the (CAG) n microsatellite, is located in exon 1 and has been reported preliminarily 
to be associated with familial prostate cancer. An excess proportion of the S1 allele (cut by the restriction enzyme) was found by Crocitto et al. among prostate cancer 
patients with an affected brother (12 of 14; 86%) compared to men without such a family history (118 of 204; 58%) ( 33).

Androgen Metabolism and Inactivation

Metabolic activation of testosterone to dihydrotestosterone in the prostate is regulated by a single enzyme, steroid 5a-reductase type II ( 34). This enzyme is encoded 
by the SRD5A2 gene on chromosome 2p. Germline mutations of SRD5A2 are rare, but in inbred kindreds, in which homozygous mutations occur, lead to substantially 
altered phenotype. Boys with the mutated gene are phenotypically female at birth. With increased testosterone production at puberty, these boys have development of 
secondary sex characteristics but sustain no substantial prostate development ( 35).

Several polymorphic markers of SRD5A2 have been preliminarily evaluated in relationship to prostate cancer risk and also in terms of prevalence of variant alleles 
across racial-ethnic groups. These studies have been conducted primarily in the laboratory of Reichardt and colleagues ( 36,37,38 and 39). The initial work by this 
laboratory was to evaluate the importance of SRD5A2 to prostate cancer risk focused on a (TA) n dinucleotide repeat in the 3' untranslated region (UTR) of the gene 
(37). Interest in this marker was stimulated primarily by the observation that there were unique alleles in Asians and African-Americans (especially a series of 
expanded repeat alleles unique to African-Americans) that in preliminary analyses appeared to convey increased prostate cancer risk ( 37). However, an expanded 
data set evaluated by Reichardt's group and an independent data set evaluated by others ( 40) were unable to find any consistent relationship between this marker 
and prostate cancer risk.

Reichardt's laboratory has also identified a series of seven missense mutations in SRD5A2 (resulting in an altered amino acid), several of which seem promising in 
terms of predicting prostate cancer risk ( 36). In particular, a valine-to-leucine substitution mutation at codon 89 (V89L) correlates with circulating levels of 
androstanediol glucuronide, the biochemical index of whole-body 5a-reductase activity, with valine homozygotes having levels approximately 40% higher than leucine 
homozygotes, with valine-leucine heterozygotes having intermediate levels ( 38). Consistent with these biochemical results, Japanese and Chinese men have a much 
lower prevalence of valine homozygotes (29%) than African-Americans (59%) or whites (57%) but a much higher prevalence of leucine homozygotes (22%) than 
these other two groups (3% and 4%, respectively) ( 38).

A second missense mutation has already been preliminarily evaluated in relationship to prostate cancer risk, with complex results. This mutation, an 
alanine-to-threonine substitution at codon 49, is substantially less common than the V89L mutation. However, Reichardt and colleagues have shown that 
African-American and Latino men who carry a T allele are at very high risk of advanced prostate cancer (relative risks of 10.6 and 4.5, respectively), with associated p
 values of .001 and .040, compared to alanine homozygotes (39). Risk levels are also modestly elevated for localized disease for these two groups. Preliminary data 
for Japanese and white men, however, do not support a comparable elevated risk associated with presence of a T allele in these racial groups. Reichardt's laboratory 
has provided in vitro support for functional changes in 5a-reductase activity induced by these mutations ( 39). Using a site-directed mutagenesis approach, they have 
demonstrated, for example, that the alanine-to-threonine substitution at codon 49 enzyme has a fivefold higher Vmax for testosterone conversion than the wild type, 
whereas the V89L mutation shows a roughly 33% reduction in activity.

The 3b-hydroxysteroid dehydrogenase type II (HSD3B2) gene encodes type II 3b-hydroxysteroid dehydrogenase that, together with 3a-hydroxysteroid 
dehydrogenase, is one of the principal enzymes initiating inactivation of dihydrotestosterone in the prostate ( 40). This enzyme (most likely a different isoform) also 
catalyzes the final step in the biosynthetic pathway for testosterone in the testes. The HSD3B2 gene is located on the short arm of chromosome 1, and a complex, 
highly polymorphic dinucleotide repeat [(TG) n(TA)n (CA)n] has been identified in intron 3 ( 41). Twenty-five distinct alleles of this polymorphism have been identified in a 
screen of 312 healthy individuals with substantial heterogeneity across racial-ethnic groups at the extremes of prostate cancer risk ( 42). No functional relevance has 
been attached to this marker, however, in terms of differential rates of dihydrotestosterone degradation or testosterone biosynthesis. It is probable that full-scale 
sequencing of the gene in individuals of different racial-ethnic groups, especially those with variant biochemical phenotypes (e.g., high or low circulating testosterone 
or high or low circulating androstanediol glucuronide), will establish additional missense mutations or polymorphisms, which can then undergo more rigorous 
epidemiologic investigations.

Another candidate gene in the androgen-deactivation component of the androgen metabolism pathway is CYP3A4, whose product is involved in oxidation of 
testosterone to a series of biologically inactive metabolites in the prostate, including 2b-, 6b-, and 15b-hydroxytestosterone ( 43). Rebbeck and colleagues have 
conducted the only study of this gene to date related to human prostate cancer ( 44). They compared genotype frequency in a series of high-grade or advanced-stage 
prostate cancer, or both, to a series of low-grade or early-stage tumors, or both, using an A to G mutation in a regulatory element in the 5' region of the CYP3A4 gene 
(44). This mutation has been hypothesized to explain some of the substantial individual variations observed in oxidative testosterone metabolism ( 45). In this study, 
men carrying the variant allele (CYP3A4-V) were substantially more likely to have advanced stage tumors than men with wild-type genotype, especially men who were 
relatively old (older than 63 years of age) and without a family history of prostate cancer ( 44). Forty-six percent of men with advanced tumors in this group carried a 
variant allele, compared to just 5% of men in the group with early-stage disease (odds ratio, 9.5; p <.001) (44).

VITAMIN D METABOLISM PATHWAYS

The hypothesis that vitamin D activity might modify prostate cancer risk is built around a series of epidemiologic observations and experimental results. The 
epidemiologic evidence alone is not compelling, based initially on the ecologic observation that prostate cancer mortality rates are correlated with latitude of residence 
on a geographic basis that, in turn, is inversely correlated with exposure to ultraviolet radiation, the major inducer of endogenously synthesized vitamin D ( 45,46). In 
one prospective study conducted in Northern California, men who developed prostate cancer had significantly lower levels of 1,25-dihydroxyvitamin D, the active form 
of vitamin D, than men who did not regardless of the level of 25-hydroxyvitamin D, the vitamin D parent compound ( 47). However, other prospective studies, including 
the Physicians' Health Study, found no such overall relationship ( 48). A case-control study in North Carolina also found no relationship between 1,25-dihydroxyvitamin 
D levels and prostate cancer risk but did find that high levels of vitamin D–binding protein were associated with increased risk ( 45). As only unbound vitamin D is 
bioavailable, this finding may be compatible with a protective influence of vitamin D.



Although cutaneous production of vitamin D induced by sunlight exposure is the principal source of circulating vitamin D, vitamin D–fortified foods represent an 
additional important source. Most epidemiologic studies have found no clear relationship between dietary sources of vitamin D and prostate cancer risk when dietary 
fat (a strong dietary correlate of vitamin D and probable prostate cancer risk factor) is taken into account ( 49). In the prospective Physicians' Health Study, a positive 
association was observed between estimated dietary intake of calcium and prostate cancer risk that the authors speculated might be due to a suppressive effect of 
calcium on conversion of 25-hydroxyvitamin D to 1,25-dihydroxyvitamin D (50). More details on the relationship between dietary sources of vitamin D and prostate 
cancer risk can be found in Chapter 8.

Experimental data provide more substantial support for a protective influence of vitamin D on prostate cancer risk. 1,25-Dihydroxyvitamin D is a potent inhibitor of 
prostatic cell proliferation in vitro (51) and also promotes differentiation of prostate epithelial cells, thereby making them less susceptible to malignant transformation 
(51,52). As prostate cells themselves produce substantial amounts of 1,25-hydroxyvitamin D, cell proliferation modulation by vitamin D can be regulated in an 
autocrine or paracrine manner (53). Vitamin D experimentally also contributes to prostate cancer progression, reducing metastatic potential and prostate cancer 
volume in rat models (54,55). Vitamin D decreases metalloproteinases that degrade cell matrix, allowing prostate cancer invasion ( 56).

Vitamin D activity is mediated through the vitamin D receptor (VDR) ( Fig. 9-1). The VDR gene is located on chromosome 12 and contains eight exons ( 57). A number 
of polymorphisms have been identified in the VDR gene. Several restriction fragment–length polymorphisms exist in and around the 3' UTR of the VDR gene. One of 
these, a BsmI restriction enzyme polymorphism in intron 8 that has been associated with indices of bone mineral density ( 58), and a polymorphic polyA microsatellite 
in the 3' UTR has been studied preliminarily in relation to prostate cancer risk ( 27,59). The polyA microsatellite is bimodal, so that alleles can be classified as long or 
short polyA stretches. In a small population-based case-control study of prostate cancer in non-Latino whites in Los Angeles County involving 57 men younger than 
age 65 with prostate cancer and 169 population controls of similar age, Ingles et al. reported that men with at least one long A allele had a 4.6-fold increase in risk 
[95% confidence interval (CI), 1.3, 15.8] of prostate cancer compared to men homozygous for short A alleles ( 27). This effect was more pronounced for advanced 
disease (of the 26 patients tested with advanced disease, all had at least one long A allele vs. 36 of 169 controls). The comparable odds ratio for localized disease 
(prostate cancer that had not invaded the prostate cancer capsule) was 2.3 (95% CI, 0.7, 9.9) ( 27). Ingles et al. have shown that in whites (but not African-Americans), 
the BsmI restriction site is in tight linkage disequilibrium with the polyA locus, so that prostate cancer risk levels associated with BsmI alleles are comparable to those 
observed for the polyA locus (long A linked with the BsmI b allele) (58). Another restriction fragment–length polymorphism in the 3' UTR, a TaqI that recognizes a 
silent single nucleotide substitution, is also in linkage disequilibrium with both the BsmI and polyA loci (60). Taylor et al., in a case-control study of whites, showed that 
individuals with a TaqI T allele have a threefold increase in prostate cancer risk compared to individuals who are tt homozygotes ( 59).

Only one study has been conducted of the VDR gene and prostate cancer risk in African-Americans, and no studies have been reported to date in Asians. Ingles et al. 
examined VDR genotypes in 151 African-American prostate cancer patients (49 advanced, 102 localized) and 174 African-American controls ( 61). As noted earlier, 
this group of investigators had demonstrated that, in African-Americans, there is at best only weak linkage disequilibrium in the 3' UTR region of the gene. To study 
the polymorphic markers of interest in African-Americans, they devised a direct BsmI/polyA haplotyping assay. African-American individuals with one or more 
BsmIB/long polyA (L) haplotypes had a twofold or more increase in risk of advanced prostate cancer compared to individuals with no BL haplotypes ( 61).

One other study evaluated a VDR gene polymorphism in conjunction with circulating vitamin D levels and prostate cancer risk ( 62). The BsmI genotype was 
associated with a substantial increase in prostate cancer risk, but only in men with low circulating levels of 25-hydroxyvitamin D.

INSULINLIKE GROWTH FACTOR SIGNALING PATHWAYS

IGF signaling pathways have received much attention recently, not only with regard to prostate cancer risk, but also as a common major etiologic pathway for multiple 
cancer sites (63). IGF-1 stimulates cell proliferation and reduces apoptosis (programmed cell death) in vitro in both normal and malignant prostate epithelium ( 64,65). 
The first indication that IGF-1 might be associated with prostate cancer was from a small case-control study demonstrating that IGF-1 levels were substantially higher 
in the prostate cancer patients than controls ( 66). However, a case-control study design is not ideal to test this hypothesis, because the presence of the cancer may 
alter IGF-1 levels. By far, the best study of this relationship to date was conducted in the context of the Physicians' Health Study, a prospective study in which nearly 
15,000 men who provided blood samples at baseline have been systematically followed for prostate cancer and other chronic disease occurrence ( 67). After 
approximately 7 years of follow-up, 152 prostate cancer patients and 152 age- and smoking-matched controls were analyzed. In multivariate analysis controlling for 
levels of IGF-binding protein (IGFBP) 3 (the major IGFBP in the circulation), men in the second, third, and fourth quartiles of IGF-1 had 1.9, 2.8, and 4.3 times the risk 
of prostate cancer compared to men in the lowest quartile [ p (trend) = .001]. The molecular genetics of IGF-biosynthesis and -binding as they relate to prostate cancer 
risk are unstudied but of obvious interest to further understand this relationship. A (CA) n dinucleotide repeat has been described in the promoter region of the IGF-1 
gene, and allelic variation is correlated with circulating IGF-1 levels ( 68). Several polymorphisms of unknown functional relevance have also been described in the 
IGFBP 3 gene (69).

CHEMICAL CARCINOGEN METABOLIC PATHWAYS

Many human chemical carcinogens require metabolic activation in vivo to reach their full carcinogenic potential. This metabolic activation is regulated by a large 
series of enzymes, including many of the large family of cytochrome p450 isozymes, which collectively have been designated phase I enzymes. On the other hand, 
another series of enzymes designated phase II are largely responsible for deactivating chemical carcinogens in vivo and facilitating excretion. Many of the genes that 
encode these enzymes are polymorphic, with established functional differences among genotypes defined by these polymorphic markers. The role of these enzymes 
in modifying cancer risk after an environmental exposure is the subject of much current scientific interest. Nonetheless, this area of research has received little 
attention related to prostate cancer risk, as no specific environmental chemical exposure has ever been linked convincingly to prostate cancer, and the epidemiology 
of the disease does not support a strong environmental risk component. For example, there is no strong link to urbanization, no consistent relationship with 
socioeconomic status, and no accepted association with broad or specific categories of occupation or industry ( 1).

One of the phase II enzymes, glutathione S-transferase P1 (GSTP1), has been preliminarily investigated in relationship to prostate cancer in a tissue-based study. 
Lee and colleagues found that only 3 of 91 prostate cancers analyzed expressed GSTP1, suggesting that reduced activity of this phase II detoxifying enzyme might 
be involved in prostate carcinogenesis ( 71). Moreover, this group of investigators found that reduced expression was uniformly associated with hypermethylation of 
regulatory sequences of GSTP1 [hypermethylation is an alternative epigenetic mechanism to mutation or loss of heterozygosity (LOH) in “silencing” genes] ( 71). The 
significance of these findings in prostate cancer development remains unclear but is clearly worthy of further exploration.

MOLECULAR GENETICS OF PROGRESSION OF PROSTATE CANCER

It is widely believed that cancer progression involves sequential genetic steps, each having the pivotal features of somatic (as opposed to germline) genetic change 
that provides the cells with a selective growth advantage over their neighboring cells. In some cancers, these steps likely occur in a series, as proposed for colorectal 
cancer (72), or in others progression proceeds down alternative parallel paths with different potential for invasion and aggressiveness, as proposed for bladder cancer 
(73). However, the molecular genetics of progression are not well understood for prostate cancer, and no clear single pathway of required genetic changes has yet 
emerged. This lack of knowledge is particularly troublesome for prostate cancer because, as noted earlier, rates of occult, subclinical prostate cancer are very high, 
yet only a small proportion of these lesions progress to meaningful, clinically relevant disease with the potential to invade, metastasize, and kill. It is very likely that 
progression has a strong genetic component, and, hence, the identification of genetic markers for the transition to advanced disease carries tremendous public health 
implications.

A somatic change at a candidate genetic locus for tumor progression is often indicated by a LOH, in which a large part of or a whole chromosome is lost from the cell. 
Such events normally point to the possible location of a tumor suppressor gene (i.e., a gene that functions normally in maintaining normal cell growth; LOH results in 
loss of a wild-type allele, after which the remaining allele must be inactivated at random; by mutation; or by an epigenetic event, such as methylation). After each 
event (LOH and mutation), cell clones with a growth advantage are selected. Growth advantage is bestowed because the one allele only or the mutant, or both, are 
unable to suppress cell growth. In prostate cancer, chromosomes 8p, 10q, and 16q show LOH in a high percentage of tumors, indicating the likely presence of 
prostate tumor suppressor genes in these regions ( 74,75). Losses in 18q (76) and 17q (77) are less commonly found.

Another indication of loci of tumor suppression is revealed by the technique of in vitro chromosome transfer. This technique has shown that some regions in 
chromosomes 8 and 11 suppress prostate cell metastases (78,79), whereas chromosome region 12pter-12q13 suppresses prostate tumorigenicity ( 80).

Somatic alterations in chromosomes related to prostate cancer have also been studied more recently by comparative genomic hybridization analyses [summarized in 



(81)]; genetic losses and gains are eloquently revealed by this technique. Chromosome arms that are lost more often in hormone-resistant (typically more advanced in 
the end-fatal prostate cancer) than in primary prostate tumors are 1p, 10q, 19p, 19q, 20p, and 20q, whereas gains are recorded in 8q, 18q, and Xq. The gain in Xq is 
most likely due to amplification in the AR gene located on Xq12 (see below).

As in cancer etiology, candidate genes based on gene function have been investigated in prostate cancer progression primarily by hunting for the presence of somatic 
mutations. In prostate cancer, candidate gene mutations have been detected in Mxi-1 (82), KAI1 (83), TP53 (84), RB (85), and in the DNA polymerase b gene (86). 
Evidence that these genes might be “progression” genes is based on the observation that the mutations are considerably more common in metastatic lesions than in 
localized primary tumors.

To fully understand prostate cancer progression requires the development of a disease progression model showing how multiple genes can be altered in combination 
to allow a cell to change from a normal one to one with metastatic potential. None of the previously mentioned somatic changes has yet been put into such a disease 
progression pathway owing to, in part, their unknown functions or relatively low frequencies of occurrence.

Prostate tumors, for the most part, depend on androgen stimulation for growth, and even resistance to androgen ablation seems to be a consequence of deregulated 
androgen signaling rather than total loss of androgen sensitivity (see below). Thus, genetic changes in genes involved in androgen metabolic pathways, such as the 
AR locus, potentially provide a unifying mechanism to explain how prostate cancer progresses to advanced disease ( 87). Importantly, the AR gene is X-linked, and, 
therefore, only a single copy is present in male cells. LOH is therefore irrelevant in the case of the AR gene in men.

In recent years, it has become increasingly apparent that abnormal AR gain of function genetic alterations contribute to at least a subset of advanced prostate cancer. 
The expression of the AR is also maintained in all advanced prostate cancer ( 88,89,90 and 91), and AR-negative prostate tumors may not exist, indicating that the AR 
maintains a role during prostate cancer progression. Somatic mutations that increase AR activity or broaden AR ligand specificity have been identified in prostate 
tumors and prostate cancer–derived cell lines [references in ( 92)]. Even androgen antagonists (e.g., hydroxyflutamide) are able to activate certain mutant ARs 
(92,93,94 and 95). In addition, amplification of the AR gene has been identified in up to 30% of locally recurrent prostate tumors [see below and ( 96)].

Somatic mutations in the AR occur in a subset of advanced prostate tumors, but the exact frequency has not been determined accurately ( 97). Furthermore, the 
relationships of these mutations to androgen ablation therapies remain vague. Initial studies indicated that AR gene mutations in clinical prostate cancer might be an 
uncommon occurrence. However, earlier investigations assessed only exons 2 through 8 of the gene. As exon 1 comprises 58% of the AR coding sequence and is 
difficult to polymerase chain reaction amplify, owing to GC-rich stretches, the low frequencies of AR mutations reported in these studies might be due to this 
incomplete screening (97). Recent advances, such as the discovery and development of polymerases with higher efficiencies and greater temperature stabilities than 
the traditional Taq polymerase, or the use of additives (TritonX100 or dimethyl sulfoxide, or both), have allowed for the efficient amplification of all areas of the AR. In 
one study in which the entire AR coding sequence was investigated, Tilley et al. found mutations in 11 of 25 (44%) primary tumors ( 87). They were either missense or 
nonsense mutations, and 50% occurred in exon 1. Several additional somatic mutations have since been found in exon 1 (W. D. Tilley et al., personal 
communication). These results indicate that a relatively large proportion of prostate tumors, at least in advanced stage, may contain AR mutations. More work is 
needed to determine accurately the frequency of AR mutations in prostate cancer especially across different stages of disease.

The role(s) of the altered AR becomes critical in maximizing the efficacy of treatment of the disease. The most effective primary treatment for advanced prostate 
cancer is the so-called hormone deprivation therapy, which results in a reduction in testosterone levels or an inhibition of the effects of the hormone on prostate cells, 
or both. However, this treatment is not a cure, and men die of prostate cancer as a result of the inevitable failure of hormone deprivation treatments ( 98).

Hormone manipulation as primary prostate cancer therapy can be divided into two main strategies—namely, partial and complete androgen blockades. Partial 
androgen blockade is achieved by the suppression of testicular androgens either by castration or by high-dose treatment with either estrogen or luteinizing hormone 
releasing hormone analogs. Although this strategy does not reduce serum testosterone levels completely, nor does it suppress adrenal androgens, it nonetheless 
results in tumor regression in 80% to 85% of men with metastatic prostate cancer. Complete androgen blockade is normally achieved through the additional use of 
competitive AR inhibitors. This strategy inhibits androgen action at the level of the receptor and, as a result, is indiscriminate of the androgen source. Although some 
evidence supports the use of competitive AR inhibitors, such as hydroxyflutamide, to produce complete androgen blockade as an effective form of hormone treatment 
for prostate cancer, the high cost of the drugs and the poor tolerance by some men have discouraged their universal use in the treatment of advanced prostate 
cancer. A treatment modality in which gonadal androgen blockade is followed some time later by flutamide treatment ( deferred flutamide treatment) has been 
proposed (99). Such a strategy provides enhanced disease control in patients with localized prostate cancer due to the greater density of androgen-dependent tumor 
cells after gonadal androgen ablation. Thus, standard treatment for localized or advanced prostate cancer often involves some type of hormonal manipulation with 
partial or complete androgen blockade (simultaneously or deferred). As the target for each of these treatments is the AR, these regimens themselves may impose 
selective pressure for genetic alterations at the AR locus.

In the case of partial androgen blockade, evidence indicates that cells with AR gene amplifications selected for by low androgen levels might cause 
hormone-refractory disease. Koivisto et al. ( 96) identified significant amplification of the AR gene in 30% of recurrent prostate tumors. Amplification was found only in 
patients in whom recurrence was diagnosed after an average of 30 months of partial blockade with estrogen therapy or orchiectomy. These results suggest that AR 
amplification emerged during androgen-deprivation therapy by facilitating tumor cell growth in low androgen concentrations. AR gene amplification was associated 
with substantially increased messenger RNA levels, as determined by in situ hybridization. AR amplification also occurred more often in tumors that initially responded 
to endocrine treatment and whose response lasted for at least one year. Clearly, cell clones with AR amplifications seem to be selected for as a consequence of 
partial androgen blockade.

In the case of complete androgen blockade, evidence indicates that refractory tumors arise through a related mechanism as a consequence of gain of function 
mutations in the AR gene. One of the first clues that AR point mutations might be selected for in hormone-refractory disease came from the recognition of the clinical 
phenomenon known as flutamide withdrawal syndrome. After an initial period of response to complete androgen blockade, tumors eventually become refractory, but 
approximately 10% to 75% of these prostate cancer patients experience a significant tumor response or stabilization brought about by the discontinuation of 
antiandrogens, such as flutamide ( 100,101 and 102). Although the precise mechanism for this paradoxic response in hormone-refractory prostate cancer to flutamide 
withdrawal is not entirely clear, evidence suggests that it might be due to specific mutations in the AR. Such mutations must result in a gain of function to allow for 
flutamide-dependent growth selection, as the alternative (i.e., loss of function mutations) is highly unlikely to result in the emergence of androgen-independent growth 
(because there would be no selective growth advantage for cells harboring an inactive AR during androgen-dependent phases of tumor growth).

Thus, it is possible to view the AR gene as a protooncogene that, when functioning normally, orchestrates both the development and differentiation of the prostate 
under normal endocrine control. However, during tumorigenesis, the AR gene acquires gain of function mutations or undergoes gene amplification, or both, providing 
cancer cells with a selective growth advantage under conditions that previously precluded normal prostate epithelial proliferation.

Even in cases in which no AR involvement is suspected (e.g., advanced hormone-independent prostate cancers) and no AR amplification events or mutations have 
been detected, the AR could still be involved in an androgen-independent manner. For example, peptide growth factors, such as IGF, keratinocyte growth factor, and 
epidermal growth factor, are all able to activate AR-mediated signaling ( 103,104). In addition, activators of protein kinase A (forskolin, which acts by increasing cyclic 
adenosine monophosphate) also activate the AR in the absence of androgens ( 105), and even widely used luteinizing hormone releasing hormone analogs (used in 
prostate cancer hormone therapies) weakly activate the AR in the absence of androgens and strongly in their presence ( 106). Recently, it was found that 
androgen-independent induction of the AR-responsive gene, prostate-specific antigen, occurs via cross-talk between the AR and protein kinase A signal transduction 
pathways (107). Alternate mechanisms for hormone-independent prostate cancer are proposed to involve AR signaling via Her2/neu ( 108,109) or mitogen-activated 
protein kinase 1–activated phosphorylation steps ( 110). These studies indicate that androgen-independent cancer does not, ipso facto, mean AR independence.

The mechanistic reasons as to why prostate epithelial cells may remain AR dependent even in advanced disease is not clear; however, it could be due, in part, to the 
type and level of “downstream” gene activation mediated by the AR. A number of androgen-regulated genes have been identified and include PSA ( 111), 
prostate-specific membrane antigen (112), epidermal growth factor receptor (113), fibroblast growth factor 2 (114), calreticulin (115), IGFBP 3 (116) and 5 (117), the 
homeobox gene Nkx3.1 (118,119), apolipoprotein D (120), the AR coactivator ARA70 (119), the AR itself (121,122), and kallikreinlike genes ( 123). Exactly how these 
different genes with vastly different functions fit into a proliferation or apoptosis model, or both, however, is not clear. Also, possible differences in the expression 
profile of these genes in hormone-responsive versus -independent tumors are currently not known, nor are the implications of altered AR transactivation selected for 
during different hormone treatment strategies. A recent study showed that the AR transduces the androgen signal by influencing the expression of genes involved in 
the G1 to S transition of the cell cycle (124), including cdk1 and cdk2 (119).

The exact mechanism(s) behind the inevitable failure of androgen ablation therapies in most patients remains largely unknown, however, and hormone-independent 



prostate cancer has a dismal prognosis. As a result, oncologists faced with making difficult decisions as to how best to treat metastatic hormone–independent prostate 
cancer are left with few effective options. If it is true that in most cases of hormone-refractory disease, tumor growth remains AR dependent, a treatment strategy that 
targets specifically the AR might have utility. The aim would be to ablate the AR signaling axis, enabling inhibition of both ligand-dependent and -independent AR 
signaling. Examples of such approaches are the use of AR antisense or AR-dominant negative constructs in gene therapy protocols. Development of such novel 
therapies may help in effectively treating this devastating disease.
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INTRODUCTION

Over the past decade, conceptual and technologic advancements in molecular genetics have led to the elucidation of the molecular mechanisms responsible for 
inherited predisposition for a number of common human cancers. Genes such BRCA1 and -2, VHL, APC, and hMSH2, in which changes as small as single-nucleotide 
substitutions result in greatly increased organ-specific cancer risk, have been identified through studies of familial breast, renal, and colorectal cancers, respectively. 
Likewise, major efforts are under way worldwide to identify and characterize hereditary prostate cancer (HPC) genes through the study of prostate cancer families. 
Multiple loci suspected to harbor such genes have been identified to date, and efforts to clone the specific genes are in progress. A primary goal of these efforts is the 
development of genetic tests to determine which individuals carry high-risk prostate cancer alleles.

Although the specific genes responsible for HPC are largely unknown, it is clear that a positive family history of prostate cancer is one of the strongest risk factors yet 
identified for this disease. Indeed, the usefulness of family history to identify men at elevated risk for prostate cancer has been repeatedly demonstrated with the 
magnitude of this increase in risk depending on variables such as age of diagnosis and number of affected relatives. Once HPC genes are identified and 
characterized, the ability to determine HPC gene carrier status by genetic testing will enable a more quantitative and reliable assessment of risk associated with family 
history. This chapter reviews the evidence for an inherited form of prostate cancer and summarizes the progress to date in the search for prostate cancer 
susceptibility genes.

COMMON VERSUS RARE PROSTATE CANCER SUSCEPTIBILITY GENES

Disease susceptibility genes can be defined as any gene that possesses allelic variants that are associated with increased (or decreased) disease risk in carriers 
compared to noncarriers of such variants. Studies of genetic susceptibility for common cancers have indicated that at least two major classes of cancer susceptibility 
genes exist that vary substantially in character, including the magnitude of their effect and their frequency in the population. One class of such genes has relatively 
common risk-modifying alleles, although the increases in risk conferred by these genes tend to be moderate and may be strongly influenced by environmental factors. 
Polymorphic variants of genes such as the glutathione S-transferases, N-acetyl transferases, and members of the cytochrome P450 family, often identified through 
case-control studies, are examples of this important class of cancer risk–modifying genes. Examples of the second class of genes include BRCA1, VHL, and APC, 
which are genes with disease-causing alleles that are rare (e.g., 0.0001 to 0.0010) yet confer greatly increased risk for carriers (e.g., 40% to 90% lifetime risk for 
carriers). These rare, highly penetrant genes have typically been discovered through studies of families with distinctive phenotypes, usually characterized by frequent 
occurrences of early-onset organ-specific carcinogenesis. In some cases (e.g., for colorectal and kidney cancer), the identification of these types of genes has 
provided critical insight into the molecular pathways underlying not only inherited cancers, but also sporadic cancers, as the same gene may be mutated somatically 
in these latter cancers and in the germ line in the inherited disease ( 1,2). Although it is likely that for prostate cancer, and for common cancers in general, the former 
class of genes may be more important in terms of overall contribution to inherited risk on a population basis (due to the higher frequency of risk-modifying alleles), on 
an individual and mechanistic basis, the rare, highly penetrant BRCA1-like genes may play a particularly prominent role.

GENETIC EPIDEMIOLOGY

Family Studies

Familial clustering of disease is a useful but not conclusive indicator of an underlying genetic etiology. Morganti and colleagues ( 3) were perhaps the first to 
document, more than 40 years ago, the tendency of prostate cancer to cluster in families. Importantly, in 1960, a study in the Utah Mormon population by Woolf ( 4) 
suggested that the likelihood of dying from prostate cancer was increased for men with affected first-degree relatives. Two large studies are of particular interest in 
addressing the issue of familial clustering of prostate cancer. Cannon-Albright et al. ( 5) published a genetic epidemiologic study on prostate cancer also in the Utah 
Mormon population. Notably, prostate cancer showed the fourth strongest degree of familial clustering after lip, skin melanoma, and ovarian cancer. Prostate cancer 
had a higher familiarity than colon and breast carcinoma, two solid tumors that are well recognized as having a genetic or familial component.

A case-control study of patients treated for prostate cancer at Johns Hopkins was carried out by Steinberg et al. ( 6) to assess the extent of familial aggregation in 
prostate cancer. Cancer pedigrees were obtained on 691 men with prostate cancer and 640 spouse controls. The only consistent risk factor for prostate cancer found 
in this study was a positive family history. Men with a father or brother affected were twice as likely to develop prostate cancer as men with no relatives affected. In 
addition, there was a trend of increasing risk with increasing number of affected family members such that men with two or three first-degree relatives affected had a 
five- and 11-fold increased risk of developing prostate cancer. Cox proportional hazards analysis in the case relatives revealed that risk was particularly increased to 
relatives of younger probands (less than 55 years). Evidence for aggregation of prostate cancer in families has been provided by many additional studies using either 
retrospective or cohort study designs ( 7,8,9,10,11,12,13,14,15,16,17,18,19 and 20). Five major findings emerged from these studies:

1. There is an increased risk for developing prostate cancer among the first- and second-degree relatives of prostate cancer patients.
2. The risk for developing prostate cancer among the first- and second-degree relatives increases with an increase in the number of affected individuals in the 

families.
3. The risk for developing prostate cancer among the first- and second-degree relatives increases with a decrease in the age at diagnosis of index prostate cancer 

cases.
4. Family history as an important risk factor for prostate cancer appears to be independent of ethnicity or race.
5. Having an affected brother tends to increase risk to a greater extent than does having a father with prostate cancer.

This latter tendency—that is, the increased risk associated with having an affected brother as compared to an affected father—prompted several authors to suggest a 



recessive or X-linked mode of inheritance for prostate cancer (see below).

Segregation Analyses

Whereas these studies consistently indicate a significant role for familial clustering as a risk factor for prostate cancer, both genetic components and common 
environmental risk factors shared within a family can lead to a significant finding in family studies. An estimation of contributions made by genetics as compared to 
environmental contributions can be determined through twin studies (see below) and complex segregation analyses. By testing the fit of several explicit models of 
inheritance (e.g., a major Mendelian gene model, an environmental model, or polygene model, or all) to the distribution of a disease in families, complex segregation 
analysis can identify the specific model that best describes the transmission of the disease in families. Three complex segregation analyses of prostate cancer have 
been reported, and each is consistent with the hypothesis that there is an autosomal dominant susceptibility gene ( 21,22 and 23). However, gene frequencies 
estimated by these studies vary appreciably (from 0.003 to 0.010), as do estimated gene penetrances (63% to 89% lifetime risk), presumably reflecting the different 
populations studied [families of radical prostatectomy patients in the Carter ( 21) and Schaid (23) studies vs. a population-based study by Gronberg ( 22)].

Twin Studies

The goal of twin studies is to compare the similarities (concordance rate) of a trait or disease in monozygotic and dizygotic twins as a means to dissect the genetic 
and environmental components of a familial aggregation. Twin studies by Gronberg et al. ( 24) and Page et al. (25) have observed higher concordance rates of 
prostate cancer in monozygotic twins compared to those of dizygotic twins, implicating a genetic contribution for familial aggregation of prostate cancer. More recently, 
in a large study of more than 44,000 Scandinavian twin pairs, Lichtenstein et al. ( 26) reported a statistically significant effect of heritable factors for prostate cancer. 
Somewhat surprisingly, these authors suggested that heritable factors accounted for a larger proportion of prostate cancer (42%) than either breast or colorectal 
cancer.

Familial versus Hereditary Prostate Cancer

Based on their results of case-control and segregation analyses, Carter et al. ( 27) proposed an operational definition of HPC that emphasized the factors of age of 
onset of disease and the number of affected family members as critical defining characteristics of a hereditary form of the disease. This group proposed the following 
definition of HPC: three or more affected individuals within one nuclear family, affected individuals in three successive generations on either the proband's paternal or 
maternal lineages, or clustering of two or more individuals affected less than 55 years. Does this exclude families with only two members, affected at an older age, 
from the possibility of having a genetic form of the disease? The answer is definitely not, as there can certainly be families segregating high penetrance susceptibility 
alleles that are limited in numbers of affected individuals simply by having a small family size and a small number of male members. In addition, weaker genetic 
effects (e.g., those attributed to more common, low penetrance genes) may be very important in such smaller clusters and, in fact, may be more readily detected in 
studies of a large number of smaller prostate cancer families (e.g., affected sibling pairs). However, an important point for consideration, in terms of susceptibility 
gene mapping, is that a substantial proportion of families with only two first-degree relatives affected are quite likely to occur by chance, owing to the very high 
disease prevalence of prostate cancer. Obviously, the likelihood of chance clustering decreases as the number of affected men in a nuclear family increases, and it is 
not surprising that most of the rare high-penetrance cancer susceptibility genes that have been identified to date through linkage studies have been identified in large 
extended pedigrees with many affected members.

Clinical and Pathologic Characterization of Hereditary Prostate Cancer

To determine whether any differences might distinguish HPC from its sporadic counterpart, a number of clinical features of prostate cancer were examined by Carter 
et al. in patients with or without a family history of prostate cancer ( 28). Clinical stage at presentation, preoperative prostate-specific antigen level, final pathologic 
stage, and prostate weight were examined in a series of approximately 650 patients divided among three categories: those having HPC (as defined earlier), those with 
no other family members affected (i.e., sporadic), or those in whom there were other family members affected but not to the extent found in families classified as 
hereditary. No unique clinical or pathologic characteristic distinguished HPC in this group of patients in this study.

This lack of difference between hereditary and sporadic prostate cancer extends to the incidence of multifocality found for each of these categories. Based on studies 
of individuals harboring other cancer susceptibility alleles, in which multiple cancer foci are often observed in target organs, one might predict that prostate cancer 
would tend to be more multifocal in patients with a hereditary form of the disease. In a study by Bastacky et al. ( 29), this was not found to be the case, however. As 
has been previously observed, prostate cancer in general is multifocal, and no difference was observed between sporadic and hereditary cases in this respect. Keetch 
et al. (9) examined the pathologic characteristics of prostate cancers from men undergoing radical prostatectomy for treatment of clinically localized disease as a 
function of family history. The only difference observed was that familial cancers tended to have a slightly lower Gleason score (6.6 vs. 7.6).

Several studies have examined the effect of family history on outcome of prostate cancer after treatment. Bova et al. ( 30) found no differences in progression rates as 
measured by prostate-specific antigen elevation in a cohort of men classified as having HPC compared to men with sporadic disease. Similarly, in a Swedish 
population study, Gronberg et al. ( 31) found no significant differences in either overall or prostate cancer–specific survival between familial and sporadic prostate 
cancer cases. The spectrum of tumor grades at diagnosis in familial cases did not differ from that in a population with prostate cancer unselected for family history. 
These results led the authors to conclude that no differences in treatment between men with or without a positive family history of prostate cancer are justified at this 
time. In contrast, Kupelian et al. ( 32,33) did observe a significant tendency for men with a positive family history to progress more rapidly after either surgical or 
radiation treatment for clinically localized disease. Additionally, Rodriguez et al. ( 34) made the observation that men with a family history of prostate cancer are more 
likely to die from their disease [rate ratio (RR), 1.60; 95% confidence interval, 1.31 to 1.97]. Obviously, additional studies are needed to address this important 
question, particularly as our ability to define the phenotype of HPC becomes more refined.

GENE IDENTIFICATION STUDIES

Linkage Studies as an Approach to Identify Prostate Cancer Susceptibility Alleles

With strong evidence for a genetic component in the etiology of prostate cancer and evidence for a major susceptibility gene, mapping the gene(s) using linkage 
approaches is a natural next step. This approach provided the mapping data that led to the identification of multiple cancer susceptibility genes, including BRCA1 and 
-2 in breast cancer, VHL in renal cell carcinoma, and APC and the DNA mismatch repair genes in colorectal cancer ( 2). However, linkage analysis of prostate cancer 
has proved to be a difficult undertaking for the following reasons. First, as prostate cancer is diagnosed late in life, even in the case of onset disease, individuals in 
the parental generation of the probands are usually deceased, and individuals in the offspring generations are usually too young to manifest the phenotype, thus 
making many pedigrees only marginally informative for linkage analysis. Second, segregation analyses notwithstanding, there are likely multiple modes of inheritance 
(dominant, recessive, and X-linked) and multiple genes (i.e., genetic and allelic heterogeneity) involved in prostate cancer susceptibility, largely decreasing the power 
of individual studies to detect the effect of any single major gene. Third, with such a high prevalence of disease and such a strong environmental component, 
phenocopies (nongene carriers with disease) are likely to be common. Fourth, incomplete and age-dependent penetrance of prostate cancer genes may decrease the 
power to detect linkage. In spite of these difficulties, tremendous effort has been extended in this area, and at least six different loci have been implicated by linkage 
studies in the past several years.

A Genome-Wide Screen Resulted in the Identification of HPC1 at 1q24-25

The first genome-wide screen for prostate cancer susceptibility genes was performed on 66 prostate cancer families ascertained at The Johns Hopkins Hospital ( 35). 
Each of these families met an operational definition of HPC—that is, having at least three cases of prostate cancer in the first-degree relatives (see earlier). The 
average age at diagnosis in these families was 65, which is more than 5 years less than the average age of diagnosis in the United States. A total of 341 dinucleotide 
repeat markers covering the genome with approximately 10-cM resolution (on the average, 1 cM in genetic distance is equivalent to approximately one million base 
pairs in physical distance) were genotyped and analyzed in these families. Two-point parametric linkage analysis identified seven regions with lod score greater than 
1, in which lod is defined as the logarithm of odds ratio in favor of linkage versus no linkage. The highest lod score observed was 2.75 at marker D1S218, which maps 
to the long arm of chromosome 1 (1q24-25). The other regions implicated were 1q33-42, 4q26-27, 5p12-13, 7p21, 13q31-33, and Xq27-28.

The region of highest lod score was further studied in 25 additional HPC families, 13 collected at Johns Hopkins and the remaining 12 families from Sweden. The 
overall two-point lod score in the total 91 families was 3.65 at the recombination fraction (q) of 0.18 with marker D1S2883 at 1q24-25. Significant evidence for locus 
heterogeneity was obtained by an admixture test with an estimate of 34% of families linked to the region. In other words, only approximately one-third of the families in 



this study could be explained by HPC1; the remaining two-thirds are presumably due to the action of different genes. Under the assumption of heterogeneity (i.e., that 
only a subset of families are linked to HPC1, and that other genes account for the remaining families), the maximum multipoint lod score was 5.43. The nonparametric 
(i.e., model-free) analysis provided consistent results, with a peak multipoint NPL score of 4.71 ( p = 1E – 5). This locus was termed HPC1 (35).

In an attempt to understand the clinical characteristics of prostate cancer potentially linked to HPC1 locus, Gronberg et al. ( 36) studied a subset of 74 HPC families 
ascertained at Johns Hopkins. The 74 families were divided into two groups, either potentially linked (33 families) or unlinked (44 families), on the basis of haplotype 
analysis in the region of HPC1. The mean age at diagnosis of prostate cancer for men in potentially linked families was significantly lower than for men in potentially 
unlinked families (63.7 vs. 65.9 years, p = .01). Higher-grade cancers (grade 3) were more common in potentially linked families, and advanced-stage diseases were 
found in 41% of the case patients in potentially linked families, compared with 31% in potentially unlinked families.

Stratification analyses were performed in an attempt to characterize HPC families that are most likely to be linked to HPC1 ( 37). Results from these stratified analyses 
showed several interesting findings: (a) Evidence for linkage to HPC1 was mainly from families with mean age at diagnosis less than 65. (b) Evidence for linkage at 
HPC1 is stronger in families with at least five affected family members than that of families with three and four affected family members. (c) Stronger evidence for 
linkage at HPC1 was observed in the families with male to male disease transmission.

Replication Studies of Hereditary Prostate Cancer 1

The results of the replication of the 1q24-25 linkage by other research groups have been inconsistent. Three independent studies corroborated linkage to HPC1. 
Cooney et al. (38) reported a linkage study of 1q24-25 in 59 prostate cancer families, each with two or more affected individuals. The peak NPL score was 1.58 at 
D1S466 (p = .057) in the total 59 families but was 1.72 ( p = .045) in the subset of 20 families that met the criteria for HPC families. Hsieh et al. ( 39) reported further 
evidence to support HPC1. In 92 unrelated families having three or more affected individuals, the NPL score was 1.71 ( p = .046). The evidence for linkage was 
stronger in the 46 families with mean age at diagnosis younger than 67. The NPL score was 2.04 ( p = .023). The strongest replication study of HPC1 to date was 
reported by Neuhausen et al. (40). These authors presented positive evidence for linkage in 41 large HPC families ascertained in Utah. The peak two-point lod was 
1.73 (p = .005) in the total families and a two-point lod of 2.82 ( p = .0003) in early age of onset of families. Finally, in a study of 144 HPC families collected at Mayo 
Clinic, Berry et al. ( 41) did not find evidence for linkage at HPC1 region in the total sample but found evidence for HPC1 linkage in a subset of 102 families with male 
to male disease transmission. The peak NPL score was 1.99 (p = .03) at D1S212.

Three other groups, however, reported no clear evidence for linkage of HPC1 in their study populations. Goode et al. ( 42) reported no evidence for linkage in this 
region in 150 high-risk prostate cancer families, using either a parametric lod score approach assuming homogeneity or nonparametric analysis. Even for the 21 white 
families in this study population with five or more affected family members and mean age at diagnosis 65 years or younger, the lod scores at q = 0 remained less than 
–4. Berthon et al. (43) reported results of a genome-wide screen and results from the 1q24-25 region in 47 French and German families. For the three markers in the 
1q region, they found negative two-point lod scores assuming a dominant model. No results were reported for the families with early age of diagnosis or a large 
number of affected individuals. Eeles et al. ( 44) reported a linkage study of 1q24-25 in 136 prostate cancer families ascertained in the United Kingdom, Quebec, and 
Texas, 76 of which have three or more affected individuals. They found negative NPL scores in this region in the total sample but positive NPL scores in a subset of 
35 families with four or more affected members.

Multiple factors, such as genetic locus heterogeneity, proportion of families with an early mean age at diagnosis, with a large number of affected family members, and 
with male to male disease transmission, may explain the difference among the different linkage studies. In light of the previously mentioned difficulties of prostate 
cancer linkage analysis, the number of families from any single study population may provide only limited power to detect any linkage. To increase the power to detect 
linkage, a collaborative effort was made to examine the HPC1 locus in a worldwide study. This was accomplished by a combined analysis for six markers in the 
1q24-25 regions in 772 HPC families ascertained by members of the International Consortium for Prostate Cancer Genetics from North America, Australia, Finland, 
Norway, Sweden, and the United Kingdom (45). Overall, there was some evidence for linkage with a peak parametric multipoint lod score assuming heterogeneity 
(hlod) of 1.40 (p = .01) at D1S212. This evidence was also observed using a nonparametric approach. However, the estimated proportion of families linked to the 
locus (a) was only 0.06 (1-lod support interval from 0.01 to 0.12). Further parametric analyses revealed a significant effect of the presence of male to male disease 
transmission within the families. In the subset of 491 such families, the peak hlod was 2.56 ( p = .0006) and a was 0.11 (1-lod support interval from 0.04 to 0.19), 
compared to hlods of 0 in the remaining 281 families. Within the male to male disease transmission families, the a increased with early mean age of diagnosis 
(younger than 65 years, a = 0.19, with 1-lod support interval from 0.06 to 0.34) and number of affected family members (greater than or equal to 5, a = 0.15, with 1-lod 
support interval from 0.04 to 0.28). The highest a was observed for the 48 families that met all three criteria (peak hlod = 2.25, p = .001, and a = 0.29, with 1-lod 
support interval from 0.08 to 0.53). These results support the finding of a prostate cancer susceptibility gene linked to 1q24-25, albeit in a defined subset of prostate 
cancer families. Whereas HPC1 accounts for only a small proportion of all HPC families, it appears to play a more prominent role in the subset of families with 
multiple members affected at an early age and with male to male disease transmission. As with any HPC gene, determination of the true impact of HPC1 on familial 
prostate cancer will not be possible until the gene is cloned and mutations characterized (e.g., frequency and penetrance).

Evidence for a Prostate Cancer Susceptibility Gene on the X Chromosome

In a combined study population of 360 prostate cancer families collected at four different sites in North America, Finland, and Sweden, a linkage to Xq27-28 was 
observed, which was termed HPCX (46). This region had been previously implicated in the genome-wide scan by Smith et al ( 35). The peak two-point lod score was 
4.6 at DXS1113, and the peak multipoint lod score was 3.85 between DXS1120 and DXS297. Significant evidence for locus heterogeneity was observed. The 
proportion of families linked to HPCX was estimated to be 16% in the combined study population and was similar in each separate family collection. The linkage of a 
prostate cancer gene to the X chromosome is consistent with the results of several population-based studies, suggesting an X-linked mode of inheritance of prostate 
cancer (4,10,11 and 12,19,20). The most obvious implication of this finding is that in some prostate cancer families men can inherit this gene only from their mother, 
and men can transmit the gene only to their daughters. This finding, along with the indication of autosomal disease transmission in other prostate cancer families, 
emphasizes the need to include queries of prostate cancer in the maternal side of the family when ascertaining family history of this disease.

PCaP—Another Susceptibility Locus on Chromosome 1

By the combination of genome-wide screening and fine mapping on a selection of 47 French and German families, Berthon et al ( 43) reported prostate cancer 
susceptibility locus at 1q42-43 ( PCaP). The maximum two-point lod score was 2.7 with marker D1S2785. Multipoint parametric analysis yielded an hlod of 2.2, and 
nonparametric analysis yielded an NPL score of 3.1. They estimated that 50% of the 47 families were linked to the locus.

CaPB—A Locus That May Predispose to Both Prostate and Brain Cancer

Based on initial results of a genome-wide screen in 70 prostate cancer families and candidate-region mapping in 71 additional families, Gibbs et al. ( 47) reported 
linkage to 1p36. Further evaluation of this data set revealed the exciting observation of an association between 1p36 linkage and the presence of brain cancer in a 
subset of the linked prostate cancer families. The overall two-point lod score was 3.22 at D1S507 for 12 families with a history of prostate cancer and a blood relative 
with primary brain cancer. In the younger age group (mean age at diagnosis, less than 66 years), a maximum two-point lod of 3.65 at D1S407 was observed. This 
linkage was rejected in both early- and late-age-onset families without a history of brain cancer. Interestingly, tumors of the central nervous system were the only 
cancers found to be in excess in a study of other cancers in multiplex prostate cancer families reported by Isaacs et al ( 48).

Hereditary Prostate Cancer 20: Linkage in a Novel Subset of Prostate Cancer Families

Berry et al. (49) found evidence for linkage to chromosome 20q13 while conducting a genome-wide search on 162 North American families with three or more 
members affected with prostate cancer. Two-point parametric lod scores greater than 1 were observed at multiple sites with the highest two-point lod score of 2.69 for 
marker D20S196. The maximum multipoint NPL score for the entire data set was 3.02 (p = .002) at D20S887. The strongest evidence of linkage was evident with the 
pedigrees having fewer than five family members affected with prostate cancer, a later average age of diagnosis, and no male to male transmission. The group of 
patients having all three of these characteristics (n = 19) had a multipoint NPL score of 3.69 ( p = .0001). These results would suggest that HPC20 may account for a 
subset of families that are distinct from the groups more likely to be linked to previously identified loci.

BRCA1 and -2 and Risk of Prostate Cancer

As a result of various epidemiologic studies over the past four decades, a link between prostate and breast cancer etiology has been suspected for many years ( 50,51



 and 52). Anderson and Badzioch (53) observed an increase in breast cancer risk as a function of family history of prostate cancer in families ascertained through 
male or female probands having breast cancer. However, an examination of a large number of prostate cancer families for other cancers by Isaacs et al. ( 48) found 
only tumors of the central nervous system to be in significant excess; the number of breast cancer cases was not significantly elevated in this study. More recent 
studies have demonstrated an association between BRCA1 and -2 mutations and increased risk of prostate cancer in carriers ( 54,55,56 and 57). The most direct 
evidence for a role of these genes in prostate cancer susceptibility comes from an observation of Ashkenazi men known to harbor BRCA1 or -2 gene mutations (57). 
In this cohort, the rate of prostate cancer diagnosis by age 70 was 16%, compared to 3.8% for nonmutation carriers. Furthermore, in an extensive study of other 
cancers in BRCA2 carriers from the Breast Cancer Linkage Consortium ( 58), a strong association with prostate cancer was seen (estimated RR, 4.65; 95% 
confidence interval, 3.48 to 6.22) for mutation carriers, particularly for men younger than 65 years (RR, 7.33). Other studies examining a role for these genes in 
prostate cancer have been less supportive of a prominent effect, although these studies have been mainly restricted to the Ashkenazi-Jewish population. Lehrer et al. 
(59) reported an absence of BRCA1 and -2 founder mutations in Ashkenazi prostate cancer cases, although only a limited number of these men reported a positive 
family history of the disease. Langston et al. ( 60) found a BRCA1 185delAG mutation in an affected member of a Jewish prostate cancer family, although no other 
family members were tested. A study of multiplex Ashkenazi-Jewish prostate cancer families did not find elevated rates of common mutations in BRCA1 or -2 (61). A 
similar finding was reported by Nastiuk et al. ( 62), who determined the rate of founder BRCA1 and -2 mutations in early-onset prostate cancer to be the same as the 
general Ashkenazi population. Finally, a comprehensive search for mutations in prostate cancer families that had at least two breast or ovarian cancer, or both, cases 
revealed no inactivating mutations in either BRCA1 or -2 ( 63). Overall, whereas there is compelling evidence that mutations in BRCA1 and BRCA2 increase risk for 
prostate cancer, the contribution of these genes to familial clustering of prostate cancer in general appears too small.

SUMMARY AND FUTURE DIRECTIONS

Although many questions remained unanswered, the extensive effort that has been put forth in recent years has provided a critical foundation for the eventual 
understanding of hereditary factors and prostate cancer risk. A summary of established concepts includes the following:

1. A positive family history of prostate cancer is an important risk factor for the disease; this risk appears to be stronger in men with multiple first-degree relatives 
affected at an early age.

2. No single gene explains the majority of familial clustering of prostate cancer. To date, linkage studies in a large number of prostate cancer families have 
implicated at least five different loci, and more will undoubtedly be identified.

3. The etiology of familial clustering of prostate cancer is most likely highly complex, with different factors being relatively more important in different families. 
These factors include (a) a strong genetic influence, owing to the effect of a BRCA1-like gene in some families; (b) a weaker genetic influence in other families, 
perhaps in the context of shared environmental factors; and (c) owing to high disease prevalence, many small clusters have a high likelihood of being due to 
chance. This etiologic heterogeneity greatly complicates the analysis of the respective contributions of each of these factors to familial prostate cancer.

4. To address these difficulties, efforts should be made to stratify prostate cancer families by clinical and epidemiologic variables and, in doing so, hopefully reduce 
the etiologic heterogeneity to more manageable levels. This means the establishment of extensive family databases incorporating not only genotypic data but 
clinical and epidemiologic variables as well.

5. Finally, the emerging ability to carry out systematic, high density genome-wide single nucleotide polymorphism scans to evaluate haplotype sharing among 
affected individuals, and the association of various gene polymorphisms with prostate cancer risk, should provide unique insight into the mechanisms of 
susceptibility for this disease.
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INTRODUCTION

The definition of race is unclear and controversial. The definition of race varies as a function of time and geography, a fact fully appreciated when reviewing 
governmental actions over the past century. There is no genetic or biologic definition of race that is at this time broadly accepted in the scientific literature. 
Heterogeneity is particularly characteristic of populations in the United States. “Caucasians” are derived from a multitude of regions (e.g., Sweden and Italy) that may 
or may not share a common genetic and cultural heritage. “African-American” populations are descended from diverse indigenous populations that inhabit a large and 
culturally distinct continent. In many statistical analyses, “African-Americans” and “Caucasians” are frequently classified as categoric variables, a fact that does not 
adequately reflect the genetic, phenotypic, and cultural heterogeneity known to all researchers in the field. No single solution completely obviates these problems.

Despite difficulties in the definition and well-described variations in populations, certain variables may be more prevalent among one “racial” group as opposed to 
another. Genetically, this has been documented by variations in the frequency of certain alleles or polymorphisms. In addition to genetic elements, there are a number 
of epigenetic and nongenetic factors that potentially distinguish one racial group from another. These factors include diet, hormonal status, life expectancy, 
socioeconomic status (SES), literacy, health-seeking behavior, fear of cancer, and nihilistic views of cancer treatment. Each of these issues can potentially affect 
prostate cancer outcomes. The importance of these factors in race-related prostate cancer risk is often difficult to dissect. All researchers in the field acknowledge that 
certain factors may alter prostate cancer risk and cancer-specific mortality. Cause and effect relationships are much more difficult to ascertain.

An important issue in any study of race and prostate cancer is to acknowledge that the patient and tumor represent two independent but interrelated variables. In 
particular, when examining data on the stage at presentation, it is often impossible to distinguish whether the tumor was more extensive because of more aggressive 
growth or because the diagnosis was made at a different time in the natural history of the disease. This conundrum cannot be readily answered without examining 
growth rates of tumors in individual patients over time.

EPIDEMIOLOGY OF RACIAL VARIATIONS: PROBLEMS AND PITFALLS

When assessing the incidence and prevalence of prostate cancer, several unique features related to the disease must be taken into account. Prostate cancer is a 
frequent finding when prostate glands are carefully examined at autopsy. Estimates indicate that as many as 57% of men older than the age of 80 will have prostate 
cancer if the gland is step sectioned and examined microscopically ( 1). Only a fraction of these men are diagnosed with prostate cancer in their lifetime. 
Consequently, the vast majority of men with microscopic organ-confined prostate cancer has latent or clinically irrelevant disease. In a study published at the very 
beginning of the prostate-specific antigen (PSA) era, the lifetime risk of microscopic prostate cancer for a 50-year-old man was estimated at 42%. Fewer than 10% of 
these men, however, were estimated to have a clinical diagnosis of prostate cancer in their lifetime, and fewer than 3% of men were estimated to die from this disease 
(2). These percentages and their ratios are critical to keep in mind when assessing studies of prostate cancer. In particular, because the definition of clinically 
detected cancer is simply that a living patient is diagnosed with prostate cancer, “incidence” studies of prostate cancer are subject to significant variations not 
encountered in studies of other human malignancies.

The number of men clinically diagnosed with prostate cancer is highly dependent on the intensity of the diagnostic search as well as the number of specialists 
qualified to diagnose and treat the disease. The intensity of the diagnostic search for prostate cancer has changed dramatically in recent years with the introduction of 
PSA as a screening tool for the early diagnosis of cancer ( 3). Although controversial in terms of long-term benefits, unequivocal data indicate that PSA-driven 
biopsies can detect cancer at a nonpalpable and asymptomatic stage. Dramatic differences in the incidence of prostate cancer are documented in the post-PSA era 
as compared to the pre-PSA era in regions where this test has been used as a screening tool. The incidence of prostate cancer is increased in men undergoing a 
transurethral resection of the prostate. Men having a transurethral resection of the prostate are much more likely to be diagnosed with prostate cancers than are men 
not undergoing this procedure (4,5). Men undergoing multiple biopsies are much more likely to be diagnosed with prostate cancer than are men undergoing a single 
biopsy. Standard practice today dictates multiple biopsies, whereas in the past only single biopsies were typically performed. Taken together, the number of men 
diagnosed with prostate cancer varies with the intensity of the diagnostic search. These facts underscore the importance of comparing prostate cancer incidence in 
studies using similar indications for biopsy and methodologies of detection whenever possible. International studies rarely meet these criteria ( 6). To make this point 
clearly, we note that epidemiologic studies conducted in the United States during the mid-1990s cannot be readily compared to countries not using PSA-based 
prostate cancer screening. More commonly, subtle distinctions between manuscripts exist. Populations at risk and methodologies for detection must often be 
compared on a study-by-study basis.

RACE AND INCIDENCE OF PROSTATE CANCER

The risk of clinically diagnosed prostate cancer varies dramatically from country to country ( 7,8). In fact, the variations in international incidence for prostate cancer 
are one of the highest of any human cancer. Proper interpretation of variations in risk is dependent on the variables and caveats noted earlier. Direct comparisons are 
often difficult (or impossible), given marked differences in the intensities of diagnostic procedures and the availability of urology specialists. Regardless of the 
methodologies involved, however, it would appear that northern Europeans and white residents of the United States have a considerably increased risk of prostate 
cancer in comparison to Asians or Asian-Americans (Fig. 11-1). The reasons for these international differences are undoubtedly multifactorial. Access to medical care 
and variations in diagnostic abilities make interpretation of racial and ethnic incidence calculations problematic in the context of international data.



FIGURE 11-1. Incidence of prostate cancer in selected countries per age-adjusted 100,000 population of men in 1988 to 1992. SEER, Surveillance, Epidemiology, 
and End Results Program. (Adapted from Stanford JL, Stephenson RA, Coyle LM, et al., eds. Prostate cancer trends 1973–1995, SEER Program . Bethesda, MD: 
National Cancer Institute, 1999:NIH Pub. No. 99-4543.)

Analyzing studies from a single country over time provides a more readily analyzable data set when evaluating racial factors and their contribution to alterations in 
prostate cancer risk. To assess risk of prostate cancer among different populations in the United States, it is optimal to use population-based data derived from both 
the pre- and post-PSA eras. In the United States, this data is available from the SEER program (Surveillance, Epidemiology, and End Results Program of the National 
Cancer Institute). Using SEER data (Fig. 11-2), African-Americans have a higher risk of invasive prostate cancer as compared to other ethnic groups in the United 
States (9,10). Among African-American men, the overall age-adjusted incidence increased from 106.3 per 100,000 in 1973, to 134.68 per 100,000 in 1983, to 271.6 
per 100,000 in 1993. Among white individuals in the United States, the age-adjusted rate of prostate cancer increased from 62.6 per 100,000 in 1973, to 83.9 per 
100,000 in 1983, to 163.9 per 100,000 in 1993. The peak incidence of prostate cancer in the United States occurred in 1993 for African-Americans and in 1992 for 
white individuals. Since that time, the incidence has been declining for both groups of men.

FIGURE 11-2. Incidence and mortality rates for prostate cancer in the United States as a function of race (1980 to 1996). (Adapted from Ries LAG, Kosary CL, 
Hankey BF, et al., eds. SEER cancer statistics review, 1973–1996. Bethesda, MD: National Cancer Institute, 1999.)

In the SEER assessment of racial or ethnic patterns of cancer (10) in the United States from 1988 to 1992, the incidence of prostate cancer in African-Americans was 
180.6 per 100,000 (Table 11-1). This contrasts to Japanese-Americans having an incidence of 88 and white men having an incidence of 134.7. Although data are 
more limited, Chinese men had rates of 46 (8). These data clearly indicate on an age-adjusted basis that the incidence of prostate cancer in the United States is more 
than twice as high in African-American populations as compared to populations of Asian-Americans.

TABLE 11-1. INCIDENCE AND MORTALITY RATES FOR PROSTATE CANCER BY ETHNIC GROUP IN THE UNITED STATES FROM 1988–1992 (PER 
AGE-ADJUSTED 100,000 MALE POPULATION)

Using a series of assumptions that take into account life expectancy and competing risk factors for death, African-American men are calculated to have a 1.12-fold 
higher risk for prostate cancer in their lifetimes as compared to white individuals ( 11). Using a different set of assumptions (in the pre-PSA era), African-Americans are 
calculated to have a 1.8-fold increased risk as compared to white Americans ( 12). Regardless of the methodology of the calculations, African-Americans are at 
increased risk for prostate cancer as compared to the average citizen of the United States.

International data also suggest a high incidence of prostate cancer among men of sub-Saharan African descent. This increased incidence is unlikely to be accounted 
for by variations in diagnostic intensity. For instance, a study of prostate cancer in Jamaica ( 13) indicates that Jamaican men have an even higher prostate cancer 
incidence than African-Americans. The average age-adjusted incidence of prostate cancer in Kingston, Jamaica has been calculated at 304 per 100,000 men in a 
study conducted during 1989 to 1994. A recent report of prostate cancer incidence in Nigeria suggested that the magnitude of risk in that population has been grossly 
underestimated in the past. Osegbe (14) prospectively studied Nigerian men aged 45 years and older with prostate symptoms and suggested that the incidence of 
prostate cancer in Nigerians may very well approximate that found in the United States, a rate that is 13-fold greater than previously reported in this population. Taken 
together, these data suggest that men of sub-Saharan African descent are at a high risk of being diagnosed with prostate cancer in their lifetime.

RACE AND RISK OF PROSTATE CANCER DEATH

Understanding the death rates from prostate cancer is more complex than for most other tumors. Patients are older when diagnosed, and many patients have long 
periods between diagnosis and death; the possibility that deaths in prostate cancer patients may be incorrectly attributed to prostate cancer is substantial ( 15,16. Data 
from a large health maintenance organization indicate that approximately 54% of men diagnosed with prostate cancer in the pre-PSA era will die from their disease 
(16). A recent study analyzing data from men diagnosed with organ-confined prostate cancer indicates that 21.5% of men between age 65 and 74 will die from 
prostate cancer when treated expectantly and followed for 10 or more years ( 17). Studies such as this clearly demonstrate the substantial potential for misclassifying 
deaths in men diagnosed with prostate cancer, a factor still not fully resolved in the vast majority of epidemiologic studies. Death certificates are notoriously 
inaccurate. Patients dying as a consequence of prostate cancer and its complications are often not fully distinguished from patients diagnosed with prostate cancer 



but dying from other causes.

Significant country to country variability is reported for prostate cancer mortality rates ( Table 11-2). In general, men of northern Europe have a higher incidence and 
mortality rate of prostate cancer as compared to men in southern Europe (7). Asians and men from the Middle East have a relatively low death rate from prostate 
cancer as compared to northern Europeans and white individuals living in the United States. African-Americans are noted to have one of the highest rates in the world 
of deaths attributed to cancer of the prostate ( 7).

TABLE 11-2. INTERNATIONAL MORTALITY RATES FOR PROSTATE CANCER 1986–1988 (PER AGE-ADJUSTED 100,000 MALE POPULATION)

In the United States, there is considerable variability of mortality rates based on racial or ethnic heritage with a hierarchy that resembles the incidence of prostate 
cancer. African-American men have a clearly higher risk of prostate cancer death (approximately twofold) as compared to white individuals ( Fig. 11-2). In 1973, 1983, 
and 1993, the age-adjusted mortality rates from prostate cancer were 39.5, 46.6, and 56.2 (respectively) per 100,000 African-Americans. For white individuals, 
mortality rates in 1973, 1983, and 1993 were 20.3, 21.6, and 24.3 (respectively). The peak death rate among white individuals was calculated at 24.7 per 100,000 in 
1993. By 1996, the death rate had declined to 22 per 100,000. Among African-American men, the peak mortality rate was 56.2 per 100,000 in 1993. By 1996, this had 
decreased to 53.7 per 100,000. The decrease in mortality rates since the peak was greater among white individuals (11.1%) than among African-Americans (4.5%) 
(9). The cause for this decrease in mortality is unclear and thought to be multifactorial. Early detection and more aggressive treatments of early disease better 
treatment are often invoked as explanations for this decrease in mortality.

Although calculations vary considerably with underlying assumptions and the timing of study, recent SEER data suggest that the lifetime risk of a white individual's 
dying from prostate cancer in the United States is approximately 3.5%; for African-Americans, the estimate is 4.3% ( 9). This represents a 1.23-fold increased risk of 
dying for African-American men. Taken together, African-American men have both a higher risk of diagnosis and dying from prostate cancer as compared to white 
Americans.

SEER data collected from the United States from 1988 to 1992 (see Table 11-1) indicate that the age-adjusted African-American mortality rate from prostate cancer 
was 53.7 per 100,000. This contrasts to a rate of 24.1 in whites and 11.7 in Japanese-Americans ( 9). Chinese-Americans have 6.6 deaths per 100,000. These data 
again indicate that Asian-Americans have a lower rate of prostate cancer death in comparison to other major ethnic groups in the United States.

Findings from Autopsy Series

Despite wide variations in the clinical incidence of prostate cancer in various international studies, much smaller racial variations in age-adjusted prevalence rates of 
prostate cancer are documented in autopsy series. Several studies have analyzed microscopic prostate cancer in biracial populations in the United States. In a 
comprehensive study of 500 men in New Orleans, the prevalence of latent prostate cancer was found to be essentially the same in both African-American and white 
populations (18). In a more recent study from the Detroit area focusing only on men under the age of 50, similar findings were reported ( 19). Interestingly, the 
prevalence of high-grade prostatic intraepithelial neoplasia (PIN) was noted to be much more prevalent in African-American men. It was further noted that high-grade 
PIN was closely associated with the presence of aggressive prostate cancer ( 19). Thus, high-grade PIN may be linked to the higher incidence of clinically significant 
prostate cancer among African-American men.

Appropriately controlled international studies of prostate cancer in autopsy series are relatively rare. In a well-conducted study using serially step-sectioned prostates 
and microscopic examination (20), age-adjusted prevalence of prostate cancer was noted to be similar in African-Americans (36.9%) as compared to whites in the 
United States (34.6%). These rates were somewhat higher than Japanese in Japan (20.5%) and Japanese migrants in Hawaii (25.6%). In a separate series using 
“blinded” observers and standardized methods ( 21), men from Hong Kong and Singapore were noted to have a lower incidence of latent cancers as compared to 
Western Europeans and blacks from Jamaica. These variations, however, were considerably smaller than the documented variations in the “clinical” incidence of 
prostate cancer.

Taken together, autopsy studies of prostate cancer, which carefully examine for evidence of prevalent disease, are much less striking in variation as compared to 
studies of both clinical incidence and death. These data indicate that although the initiating factors for pathologic prostate cancer are relatively constant in various 
racial and ethnic populations, additional factors determining clinical prostate cancer rates are much more variable. Various studies of migrating ethnic groups have 
implicated environmental factors. Most of these studies have been conducted in migrating Asian populations. When Japanese men migrate from Japan to the United 
States (22,23) or to Brazil (24), the incidence of prostate cancer more closely resembles that of the population in which they settle as compared to their native land. 
Some studies indicate that age of immigration is irrelevant to subsequent risk of prostate cancer ( 22). Other studies indicate that Japanese men born in the United 
States are at higher risk as compared to immigrants (23). Factors influencing the incidence of prostate cancer in immigrants are very poorly understood at this time. 
Investigators have speculatively implicated many factors, such as diet; however, appropriate controls for diagnostic intensity and availability of urologic specialists 
have not been adequately examined in these studies.

Interactions between Age and Race

Age-adjusted prostate cancer incidence and mortality rates are informative but tell only a portion of the overall story. Prostate cancer risk rises rapidly with age. In 
fact, increases in incidence and death as a function of age are more striking for prostate cancer than any other major adult malignancy in the United States ( 7,9). 
Deaths from prostate cancer are rare under the age of 50 and markedly increase in each decade thereafter ( Table 11-3). The risk of death has increased almost 
1,000-fold for patients older than age 85 as compared to those younger than age 50. As noted previously, African-American men have higher incidence and mortality 
rates from prostate cancer. In addition, prostate cancer and prostate cancer–related deaths occur at substantially younger ages in African-Americans as compared to 
white individuals (9). Median age at diagnosis and death for men diagnosed with prostate cancer are younger for African-American as compared to white populations 
in the United States. Reliable population-based data from Asian men residing in the United States are more difficult to accurately ascertain.



TABLE 11-3. INCIDENCE AND MORTALITY RATES FOR PROSTATE CANCER IN THE UNITED STATES AS A FUNCTION OF AGE AND RACE (PER 100,000 
MEN FOR THE YEARS 1992–1996)

PROSTATE-SPECIFIC ANTIGEN AND RACE IN MEN WITHOUT PROSTATE CANCER

PSA is a serine protease synthesized in both benign and malignant prostate tissue. In addition to being a tumor marker, serum PSA levels are powerful predictors of 
future prostate cancer risk in studies performed in a predominantly white population ( 25). Interestingly, a variety of studies indicate that African-American men without 
prostate cancer have an increased serum PSA relative to white populations in the United States. In a series of almost 500 men with a prostate biopsy that was 
negative for malignancy, multivariate regression analyses indicated that African-American men had both higher PSAs and a higher PSA density (serum PSA per cc 
prostate gland) in comparison to white men (26). These studies have subsequently been independently confirmed ( 27). The finding that PSA density is elevated in 
African-American men suggests either higher rates of PSA synthesis, lower rates of PSA clearance from the circulation, or higher rates of leakage from the prostate 
gland to the blood stream. Little data are available to address these separate hypotheses.

In large prostate cancer screening studies, in which the vast majority of men did not have a prostate biopsy, African-Americans were noted to have higher PSA values 
as compared to white individuals (28,29). Community-based studies suggest that age-related PSA levels for Japanese-Americans are lower as compared to white 
individuals residing in the continental United States ( 30).

A comparison of reports suggests that PSA may have a greater predictive value for detection of prostate cancer among African-American men as compared to 
American white men [see (31,32)]. Other studies, however, indicate that race is not an independent predictor of a positive prostate biopsy ( 33) in men with an 
abnormal digital rectal exam and a PSA in the normal range.

ETIOLOGY OF RACIAL DIFFERENCES IN PROSTATE CANCER RISK

To determine the relationship between race and prostate cancer risk, one must examine issues that relate to the etiology and pathogenesis of prostate cancer. These 
factors are relatively poorly understood. Age and family history are well-described risk factors, but the relationship between these clinical variables and prostate 
cancer risk is poorly understood. Epidemiologic studies have linked prostate cancer risk to genetic polymorphisms, diet, and hormonal status. Each of these putative 
risk factors is discussed in the context of race in the sections below ( Table 11-4).

TABLE 11-4. POTENTIAL FACTORS INCREASING PROSTATE CANCER RISK IN AFRICAN-AMERICAN MEN

Genetics, Race, and Incidence of Prostate Cancer

Genetics and prostate cancer risk have been an area of intense investigation over the past several years, using a variety of techniques. Surprisingly few observations 
have come from these studies that might shed light on the relationship between prostate cancer and increased racial risk.

Comparative genomic hybridization is a molecular cytogenetic method that assays tumor tissue for somatic chromosomal gains and deletion. An advantage of this 
technique for a comparative ethnic study is that the entire genome can be examined for chromosomal aberrations. Recent studies have been conducted in prostate 
cancer using comparable pathologic stage groupings in African-American men and white men. It was concluded that no significant racial differences could be detected 
by comparative genomic hybridization (34). This study supports the concept that any genetic differences in prostate cancer between the races must be explained by 
subtle genomic changes, not alterations at the chromosomal level.

Investigators have studied hereditary prostate cancer (HPC) in high-risk prostate cancer families from North America and Sweden; two of these families were 
African-American. Of the 91 families studied, approximately one-third showed linkage to a putative HPC gene (HPC1) located in chromosomal region 1q24-25, 
including both African-American families (35). Whether African-Americans have a higher risk of carrying the putative HPC1 gene is speculative at this time. A larger 
study is under way to recruit African-American families to further substantiate the relationship between this chromosomal region and HPC in African-American men. 
Investigations by Cooney et al. (36) confirm that chromosome 1q24-25 is likely to contain a prostate cancer susceptibility gene. Six African-American families are 
reported in their study; these families contributed disproportionally to the linkage observation studies.

A variety of chromosomal regions have been examined in relationship to prostate cancer. Multiple chromosomes have been implicated in studies of microdissected 
prostate cancer. Alteration of the 8p terminal region has been identified as a region of interest by a number of investigators. Macoska et al. ( 37) examined correlation 
of chromosome 8p changes in 135 patients of various ethnic origins. Tumors from radical prostatectomy specimens were examined after matching for stage and 
grade. These alterations were associated with both more advanced cancer and higher recurrence of disease. Preliminary studies suggest the possibility that 8p 
terminal loss may be more prevalent among African-American men than white men.

The androgen receptor is an X-linked steroid receptor superfamily member that mediates signal transduction for all androgenic hormones in man (testosterone, 
dihydrotestosterone, androstenedione, and others). Like all steroid receptor family members, three functional domains have been defined: a ligand-binding region, a 
DNA-binding region, and a transactivation domain. The androgen receptor gene has a highly polymorphic microsatellite in the first exon; a CAG repeat normally 
varies from 9 to 31 in length ( 38). This CAG repeat region encodes for a variable number of glutamines in the receptor's transactivation domain. Because the 
androgen receptor gene is X-linked, the androgen receptor gene product is derived from only one allele in each male cell. Studies using transfected androgen 
receptors with varying lengths of first exon CAG repeats indicate that increased repeat length is associated with less efficient ligand-triggered signal transduction ( 39). 
In Kennedy's syndrome, an X-linked neurodegenerative disorder, the androgen receptor has a marked increase in CAG repeat length. Patients with this syndrome 
have a decreased pituitary responsiveness to androgen administration ( 40), a finding compatible with decreased androgen receptor function.

Increased prostate cancer risk is associated with decreased androgen receptor CAG repeat length in some, but not all, studies. In the first reported study using a 
non-Hispanic white population, an approximate twofold increased risk was associated with CAG repeat lengths of less than 20 as compared to greater than or equal 
to 20 (41). Furthermore, men having less than 20 CAG repeats presented with more advanced disease. In a second study incorporating 587 patients and 588 controls, 
Giovannucci and colleagues (42) reported an approximately 1.5-fold increased risk for men with less than 19 CAG repeats and compared to men with a CAG repeat 
length of greater than 25. Furthermore, in this study, men with shorter CAG repeats were more likely to be diagnosed with cancer that had spread beyond the prostate 
and poorly differentiated tumors. Shorter CAG repeats were at particularly high risk for fatal prostate cancer. Thus, in a large and well-controlled study, decreased 
CAG repeats were associated with more advanced and more aggressive cancers. In a third study ( 43) of white men, shorter CAG repeat length was not statistically 
associated with increased prostate cancer risk unless linked with a shortened GGN repeat (less than or equal to 16). The GGN repeat represents a second 



polymorphism in the androgen receptor. Another study noted that men with a shorter CAG repeat length had an earlier onset of the disease ( 44).

The androgen receptor exon one CAG repeat length varies in a racially defined manner. African-American men have a shorter CAG repeat length than do white men 
(38,45). In particular, African-American populations have a much higher proportion of men with a CAG repeat length of less than 20. In men without an elevation in 
PSA and without abnormalities on prostate exam, 58% of the African-American population had less than 20 CAG repeats as compared to 26% in a white population 
(46). These data strongly indicate that CAG repeat length is a potentially causative factor in the increased risk of prostate cancer in the African-American population. 
Interestingly, men in the Asian population have a higher average number of CAG repeats than do white men ( 45). Taken together, the average number of CAG 
repeats in three major racial populations varies in a manner that is proportional to that population's incidence of prostate cancer. Although additional studies are 
needed, this genetic polymorphism may substantially contribute to the racial variations in prostate cancer risk.

A recent study of the type II 5a-reductase gene in African-American and white men suggests that an alanine-to-threonine substitution at codon 49 significantly 
increases clinically significant prostate cancer risk in African-American and Hispanic populations. This alanine-to-threonine substitution at codon 49 enzyme variant is 
associated with a higher in vitro Vmax for the conversion of testosterone to dihydrotestosterone ( 47). These potentially important data need confirmation in additional 
studies.

Diet, Race, and Prostate Cancer Risk

Environmental factors, such as diet, may play a significant role in explaining the racial or ethnic differences of prostate cancer incidence. A number of dietary factors, 
especially fat, lycopene, and soy products, have been implicated in alterations of prostate cancer risk.

Accumulating evidence from a number of studies over the past several decades indicates that a diet high in fat content is associated with prostate cancer risk. The 
relationship between fat consumption and prostate cancer is complex, and all studies are not necessarily consistent with one another. Furthermore, the putative 
mechanisms whereby fat influences prostate cancer are subject to considerable controversy. Initial studies were derived from international populations ( 48,49). More 
recently, there has been increasing appreciation that studying cancer risk and diet in the international setting is seriously confounded by many other variables, 
including, but not limited to, genetics and access to specialty medical care ( 50).

A number of large and careful prospective studies performed in single- ( 51) and multi-ethnic (52) cohorts indicate that the increased fat consumption is associated 
with increased prostate cancer risk. These studies also indicate that the increased risk related to fat consumption was related primarily to animal fat intake. Other 
carefully controlled studies indicate that increased risk of prostate cancer is primarily related to energy intake rather than fat consumption, per se (53,54 and 55). 
Some (56), but not all (57), studies indicate that fat consumption is higher in African-Americans than in other ethnic groups in the United States. Dietary factors and 
prostate cancer risk have been specifically studied in both African-American and white populations by Hayes and colleagues ( 58). In these studies, using a 
case-control design in three geographic regions of the United States, diets high in animal fat were associated with a statistically significant increased risk of prostate 
cancer in African-Americans but not in white individuals. Additional analysis, however, revealed that high animal fat intake was associated with initial diagnosis of 
advanced prostate cancer in both races (58). These data suggest that dietary increases in animal fats could potentially contribute to the increased incidence and 
mortality of prostate cancer in African-American men.

Whittemore et al. (59) have studied prostate cancer in relation to diet among African-American, white, and Asian individuals in the United States and Canada for the 
years 1987 through 1991. These studies indicated a positive statistically significant association of prostate cancer risk and total fat intake among all ethnic groups 
combined. In particular, this association was attributable to energy from saturated fats; after adjusting for saturated fat, risk was associated only weakly with 
monounsaturated fat and was unrelated to protein, carbohydrates, polyunsaturated fat, and total food energy consumption. Fat intake and the percentage of energy 
from fat differed appreciably among different ethnicity; African-Americans were higher than that of white individuals who, in turn, were followed by the Japanese- and 
Chinese-Americans. Crude estimates suggest that the differences in saturated fat intake account for approximately 10% of African-American to white differences and 
10% to 15% of white to Asian-American differences in prostate cancer incidence ( 59). Similar conclusions were drawn after analyses of studies conducted in Hawaii 
(60). Thus, although high-fat diets may be a contributory factor to increased prostate cancer risk, it is clear that other factors also contribute to the differences 
observed in population-based studies.

Giovannucci et al. (61) recently reported on a prospective study of 47,894 initially cancer-free health professionals regarding dietary intake and prostate cancer risk. A 
semiquantitative food frequency questionnaire, assessing dietary intake, was used to assess specific food and nutrient intake. A total of 812 new cases of prostate 
cancer were documented over a 6-year period. In this cohort study, intake of lycopene was associated with a reduced prostate cancer risk. Four foods accounted for 
82% of lycopene intake in these studies. These included tomatoes, tomato sauces, tomato juices, and pizza. When analyzing combined intake of these foods, 
prostate cancer risk was reduced by 35% for those with the highest rates of consumption. When solely analyzing cases of advanced prostate cancer (nonorgan 
confined), risk was reduced by more than 50%. Further data supporting the concept that reduced lycopenes may be associated with elevated prostate cancer risk are 
derived from plasma studies of carotenoids (62). Low plasma lycopenes were strongly related to subsequent prostate cancer risk. Men living in southern Europe, 
particularly in the countries bordering the Mediterranean, are reported to have a relatively low incidence of clinical prostate cancer ( 7) and a higher intake of tomato 
products (63). The relationship between lycopene intake and ethnic variation in prostate cancer risk is provocative and needs confirmation in additional studies.

Increased soy intake has been associated with decreased risk of prostate cancer ( 64,65). A series of isoflavones (i.e., genistein, daidzein, and their metabolites) have 
potential anticancer activity in model systems. Japanese diets are high in soy products, such as tofu and natto. A number of investigators have speculated that 
high-soy intake contributes to the relatively low incidence of prostate cancer in Japanese men. Controlled studies are needed in this area.

Hormones, Race, and Prostate Cancer

The hormonal dependency of prostate growth and development is well established. Multiple animal models indicate that prostate cancer growth can be increased by 
androgens and decreased by antiandrogens. The effects of hormonal manipulations on human prostate cancer growth were initially demonstrated by Huggins and 
colleagues in the 1940s (66). Today, hormonal deprivation is well established as an effective modality in the treatment of prostate cancer. In contrast to the 
well-accepted role of androgen blockade in the treatment of prostate cancer, the role of androgens in the development of human prostate cancer is poorly defined. It 
is stated at times that eunuchs do not develop prostate cancer; however, no meaningful studies of this population have been published. Multiple prospective 
epidemiologic studies have evaluated serum concentrations of various sex hormones in adult men to evaluate the attractive hypothesis that higher serum androgen 
levels are associated with increased risk of prostate cancer. Although a review of these studies is beyond the scope of this chapter, suffice it to say that a recent 
review concluded that, with the possible exception of androstanediol-glucuronide, no significant differences are found in circulating sex-steroid levels between men 
who subsequently developed prostate cancer and men who remained free of this disease ( 67).

Studies of hormone levels in adults may or may not be relevant to prostate cancer risk. Studies in another hormonally dependent neoplasm (breast cancer) indicate 
that cancer risk may be influenced by factors at one age but not at another. Childbirth before age 30 reduces breast cancer risk; childbirth after age 30 has little 
protective effect. Taken together, factors influencing cancer development may be age specific in their effects.

Studies of prostate cancer risk and hormonal levels have primarily been conducted in adult subjects. The relationship between hormonal levels at younger ages (fetal, 
childhood, adolescent) and prostate cancer risk has not been carefully studied. Although racial differences in androgens are not clearly present in mature adult men, 
African-Americans have higher circulating testosterone levels than white individuals in utero (68) and in young adulthood (69). The relationships between these 
age-specific differences in testosterone and prostate cancer risk have yet to be fully explored in appropriately designed studies.

RACE AND PROSTATE CANCER MORTALITY

To determine the relationship between prostate cancer, race, and mortality, one must first consider the relationship between variables known to alter the risk of death 
from prostate cancer. These variables include factors related to both the cancer and the patient. Stage at presentation, PSA, Gleason's score, treatment, and 
co-morbidities are all variables implicated in deaths of patients with prostate cancer. Some of these factors have been implicated in the increased rate of deaths from 
this disease in African-Americans (Table 11-5).



TABLE 11-5. POTENTIAL FACTORS CONTRIBUTING TO INCREASED MORTALITY RELATED TO PROSTATE CANCER IN AFRICAN-AMERICAN MEN

Several sources of bias are notable in this literature. Research reports often contain data derived from specialty practices as compared to populations. Patients 
selected for radiation therapy or radical prostatectomy are inherently a subset of the overall population. We also note that factors that relate to the patient (as 
compared to the cancer) are often underestimated and frequently underreported in many research reports. The significance of a prostate cancer cannot be 
determined by a study of the cancer alone. In particular, co-morbidities are rarely discussed in the urologic literature. To make this point clearly, we note that a 
low-grade, organ-confined prostate cancer poses a significant health risk for a healthy 50-year-old but little risk for an 80-year-old with congestive heart failure. 
Discussions of race and risk of prostate cancer death need to include factors that relate to both the tumor and patient. These factors are discussed in the following 
sections.

Stage and Race

Clinical stage is simply a measure of the extent of tumor spread at the time of diagnosis. Poor prognosis strongly correlates with advanced stage at presentation. 
Typically, stage is determined by a combination of imaging techniques and physical examinations with or without biopsies. Multiple comparative studies of clinical 
stages at presentation clearly indicate that African-Americans with prostate cancer are diagnosed with more advanced disease as compared to other ethnic groups in 
the United States (70,71). This is true for studies published before and after the introduction of PSA as a screening test. More African-Americans have frank 
metastatic disease at the time of presentation, and less African-Americans have organ-confined disease ( 70,71). Because the prognosis of cancer patients is closely 
linked to the extent of cancer spread at diagnoses, these data clearly demonstrate that higher prostate cancer death rates in African-Americans may be attributable to 
a higher proportion of patients with advanced disease at the time of the initial diagnosis. Whether this is due to a delay in diagnosis or to more aggressive spread of 
cancers cannot be determined with certainty from the available data.

Tumor Grade and Race

Gleason score is a semiquantitative description of tumor cell morphology closely linked to prognoses. Studies comparing cancerous tissue derived from 
African-American tissue as compared to white individuals indicate that African-Americans are more likely to be diagnosed with more aggressive histologic variants of 
prostate cancer. The reasons for these findings are obscure but have clear prognostic importance.

Data from a Veterans Administration study looking at prostate biopsies from 796 consecutive men showed that African-Americans with local prostate were 1.66-fold 
more likely to have high-grade (Gleason 8 to 10) tumors than were white individuals ( 72). Additional studies have confirmed these findings in specialty practices. 
Thus, we find that the populations known to have a higher death rate from prostate cancer also have more aggressive phenotypes as assessed by histologic findings.

In a comprehensive study evaluating prostate cancer Gleason score and outcome, the percentage of tumors having Gleason score 4 and higher conferred important 
prognostic information (73). When investigators have examined the components of Gleason sum 7 in radical prostatectomy specimens stratified by race, 
African-American men had a greater percentage of 4 plus 3 components in radical prostatectomy specimens than did white men. These differences are particularly 
evident for patients 55 years of age and younger ( 74).

Whether the increased Gleason score in African-American men is due to increased histologic aggressiveness at the beginning of the tumor growth or because tumors 
are diagnosed later cannot be determined with certainty. Some data (72) suggest that on a stage-matched basis, African-Americans have a greater percentage of 
high-grade tumors, implying that tumors are inherently more aggressive in the African-American population than in white individuals living in the United States.

PROSTATE-SPECIFIC ANTIGEN AND RACE IN MEN WITH PROSTATE CANCER

PSA is an independent risk factor in the prognosis of patients treated for prostate cancer. Multiple studies demonstrate that patients with higher PSA values have 
higher rates of relapse after a variety of local therapies. Higher PSA values are typically noted in African-Americans as compared to white individuals at the time of 
prostate cancer diagnosis. In a Veterans Administration hospital study evaluating patients with local, regional, and metastatic disease (irrespective of treatment 
administered), African-Americans with both local and regional diseases were noted to have higher PSA values at diagnosis than were white men ( 72).

In a large study of 2,219 patients receiving either radiotherapy or radical prostatectomy at the Cleveland Clinic, African-Americans had a statistically significant higher 
PSA at the time of diagnosis as compared to white men (75). In a large multicenter study of 709 patients with no evidence of metastatic disease enrolled into 
Radiation Therapy Oncology Group trials, Vijayakumar et al. ( 76) reported that African-Americans have higher PSAs at diagnosis than do white individuals. Other 
studies in smaller radiation oncology settings have supported these findings ( 77) but suggest that these findings are restricted to African-Americans with no private 
insurance coverage. These authors concluded that differences in PSA values may be related to differences in SES and that African-Americans, uninsured through the 
majority of their lives, sought care at a later stage of disease.

In studies of patients undergoing radical prostatectomy, Moul et al. ( 78) studied data on 541 men (408 white individuals and 131 African-Americans) and reported that 
the preoperative PSA concentration was significantly higher in African-American men as compared to white individuals for all stage, grade, and age categories. On 
careful analysis, higher tumor volume within each tumor stage was noted among African-American men, indicating that stage for stage, these men were diagnosed 
with higher tumor volumes than were white individuals. Interestingly, follow-up studies by the same group indicate that racial differences in PSA persisted despite 
rigorous adjustment for both tumor volume and gland size. This finding is consistent with African-Americans' having a higher PSA density derived from either benign 
(vide supra) or malignant tissue.

Powell et al. (79) examined radical prostatectomy specimens of clinically localized prostate cancer from 759 patients (333 African-Americans and 426 white 
individuals). For the age group 50 to 59 years, African-American men had significantly higher mean and median PSA values, higher Gleason scores, and more 
advanced disease than did white individuals. For the age group 60 to 69 years, the median PSA level among African-American men was significantly greater than 
among white individuals (however, the mean was not different). For ages greater than 70 years, African-American men and white individuals demonstrated similar 
mean and median PSA values (79).

In summary, a series of studies indicates that PSA values are higher in African-American than white individuals at the time that prostate cancer is diagnosed. Even 
when controlling for stage at presentation, racial differences persist. Whether this is secondary to factors relating to volume of disease or increased PSA secretion 
from benign or malignant, or both, prostatic epithelium cannot be ascertained from these studies. Some data support each of these hypotheses. Comparative data 
from Asian populations are lacking at this time.

TREATMENT AND RACE

African-Americans are less likely to receive radical prostatectomy or radiation therapy for localized prostate cancer as compared to white individuals in the United 
States (80). These data, derived from SEER databases over an extended period of time, indicate that even when African-American men are diagnosed with potentially 
curable cancers, potentially curative therapy is delivered less often to this population. The reasons for these findings are unclear; access to urologists, differences in 



insurance, co-morbidities, and patient choice are all invoked as potential explanations. These data clearly indicate that undertreatment of potentially curable disease 
may contribute to the excess prostate cancer–specific mortality observed in African-American populations.

FACTORS POTENTIALLY CONTRIBUTING TO ADVANCED STAGE AT DIAGNOSIS IN AFRICAN-AMERICANS

Data reviewed earlier indicate that the increased mortality rate of prostate cancer in African-Americans may very well be secondary to increased incidence as well as 
more advanced cancer at the time of the initial diagnosis. Factors contributing to these findings are undoubtedly multifactorial and include issues such as SES, 
literacy, screening behavior, tumor aggressiveness, and angiogenesis ( Table 11-6).

TABLE 11-6. POTENTIAL FACTORS CONTRIBUTING TO INCREASED STAGE AT DIAGNOSIS IN AFRICAN-AMERICAN MEN

SES has been implicated in the mortality rates of numerous diseases, including cancer. These findings have been verified in studies performed throughout the world 
(81), including in countries thought to have more equitable access to care than in the United States ( 82,83). SES interacts with human disease through multiple 
mechanisms. Low SES is known to restrict access to various medical specialists and treatments; however, this explains only a part of the relationship between SES 
and mortality (84). Furthermore, SES influences factors such as health insurance coverage, which, in turn, influence stage of cancer at diagnosis ( 85). Many of the 
relationships between prostate cancer, race, and SES have been poorly studied to date ( 86). Although the number of studies in this area is relatively small, some 
authors have hypothesized that racial differences in survival among men in the United States can be largely explained by differences in the distribution of factors that 
relate to SES (87).

Whether PSA-based screening for prostate cancer enhances overall survival is controversial; however, data suggest that PSA testing can detect cancer at a stage 
when the patient is asymptomatic and the physical exam unremarkable. Furthermore, the possibility of being offered curative therapy is markedly increased by 
PSA-based screening programs. Although population-based statistics are difficult to assemble, the available data suggest that African-American men are less often 
represented in large prostate cancer screening programs as compared to men in other ethnic groups in the United States ( 88). Less screening activity in the 
African-American population may significantly contribute to advanced stage at diagnosis during the PSA era.

Literacy is often an unrecognized factor in issues that relate to health care. Literacy assessments in patients with prostate cancer indicate that low literacy correlates 
with advanced stages at diagnosis (89). Additional data indicate that African-Americans were more likely to fall in a low literacy category than were white individuals. 
Interestingly, in this study, literacy level was more important than race in predicting stage at presentation. Low literacy educational tools have been successfully used 
to enhance preventive medical (vaccine) interventions in low-literate populations ( 90). Similar approaches may be successful in prostate cancer early detection as 
well.

FACTORS AFFECTING CANCER GROWTH RATES

Although risk of prostate cancer and fat consumption has been studied intensively over the past several decades, surprisingly little data are available regarding 
dietary fat and prostate cancer progression rates. Recent studies from Quebec indicate that saturated fat intake is associated with shortened disease-specific survival 
(91). In these studies (controlling for age, stage, and grade of cancers), high saturated fat consumption increased the risk of prostate cancer death more than 
threefold (91), suggesting that high-fat diets may promote prostate cancer growth rates. Thus, it is conceivable that high-fat diets may contribute to both the increased 
incidence (as discussed earlier) and death rates observed in African-American populations.

A variety of studies have correlated angiogenesis and tumor growth rates. Studies have shown that overexpression of the eIF4E gene up-regulates angiogenic growth 
factors, such as the vascular-endothelial growth factor and fibroblast growth factor 2. Williams et al. ( 92) examined race-specific relationships between the translation 
initiation factor eIF4E and angiogenesis in prostate tumors from white and African-American men matched for age, eIF4E expression, tumor stage, and tumor grade. 
Their findings suggested that microvessel density was higher in prostate tumors from African-American men than in tumors from white men. These findings suggest 
that angiogenesis may be differentially regulated in African-Americans with prostate cancer, a finding of potential importance in understanding prostate cancer growth 
rates.

SUMMARY

The relationship between prostate cancer and race is complex and multifaceted. Incidence and death rates vary in a race-related manner. Although international 
variation in clinical incidence rates is effected by dramatic differences in health-care systems, it is also clear that prostate cancer rates are higher in men derived from 
sub-Saharan ancestry and is relatively low in men derived from Asian populations. White individuals typically occupy an intermediate position between these two 
extremes. Incidence variations may be explained by a combination of genetic, hormonal, and dietary factors. Mortality variations are even more complex and involve 
interactions between the incidence rate, stage at diagnosis, and treatment.
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INTRODUCTION

Counseling patients with localized prostate cancer has become an increasingly difficult challenge because of the growing number of treatment options and the 
absence of randomized studies. Ultimately, the choice for an individual becomes a trade-off between the risks and benefits. Unlike almost all solid tumors, prostate 
cancer often grows slowly, enabling the patient to die of other causes without suffering from their disease. Thus, in some cases, the relative benefits of localized 
treatment, such as radical prostatectomy, radiation therapy, brachytherapy, and cryosurgery, may be small or possibly nonexistent. Therefore, all patients need 
information about the natural history of their disease when no local therapy is administered. This approach has been assigned such terms as watchful waiting or 
conservative therapy. Of the two, the latter is far more appropriate and potentially easier to consider, given the public's fear of cancer. Over the past several years, 
improved information has become available about the long-term outcomes from this approach. Nevertheless, there are also shortcomings, creating a need for caution 
when presenting the data to patients. A critical review seems both timely and necessary.

The traditional approach to discussing outcomes from different treatments divides patients into three groups based on Gleason score. This score still represents the 
best predictor of long-term survival. Until recently, outcomes were thought to be similar for tumors with Gleason scores of 2, 3 and 4; 5, 6, and 7; and 8, 9, and 10. As 
a result, most outcome studies divided patients into these three groups. However, an important study by Albertson and co-workers ( 1) showed that the long-term 
survival for men with Gleason 6 was significantly worse than it was for Gleason 5 and better than for Gleason 7. As a result, comparing studies of different treatments, 
in which the Gleason 5 to 7 tumors are reported together, has the possibility of introducing so much bias that the comparisons are not really valid. Stated differently, 
such an analysis has so much uncertainty that firm conclusions really cannot be made.

This problem is illustrated in two large studies, one involving men managed conservatively and another involving men treated by radical prostatectomy. Both studies 
used the technique of a pooled analysis ( 2,3). This involves obtaining the original case data from published studies, combining patients with similar outcomes to 
minimize confidence intervals, and then preparing new Kaplan-Meier survival curves. Of the possible techniques available for comparing different treatments, a 
randomized prospective study will yield the most reliable estimate of difference in outcomes. Next comes a pooled analysis, followed by a metaanalysis of published 
data, case-controlled studies, and, finally, an individual cohort series.

The first pooled analysis study included 828 patients from six nonrandomized reports of men diagnosed with localized prostate cancer between 1985 and 1992 who 
were treated conservatively (2). These data were assessed for potential biases, such as the impact of delayed local therapy, in a small subset, the inclusion of men 
with Tol (A1) cancers, the old age of the cohort, and the use of patients from four countries, and none appeared to bias the results. Patients were divided into three 
groups, Gleason 2 to 4, 5 to 7, and 8 to 10, according to the existing convention at that time. The 10-year cancer-specific survival was 87% (81% to 91%, confidence 
interval) for men with Gleason 2 to 4 cancers, 87% (80% to 92%) for men with Gleason 5 to 7 cancers, and only 34% (19% to 50%) for men with Gleason 8 to 10 
cancers. There were two major conclusions from his study. First, at 10 years, the vast majority of men with Gleason 2 to 4 tumors did not die of their disease. This 
means that those men with a life expectancy of 10 years or less and a Gleason 2 to 4 cancer may gain very little from aggressive therapy, because the disease is not 
very life threatening. Approximately 15% to 20% of cancers may fall into this group. Equally important, the data demonstrate that poorly differentiated cancer is 
extremely life threatening, with two-thirds dying of their disease in 10 years and perhaps half of the survivors having metastatic disease over that interval. Although 
the risk of dying for men with intermediate-grade cancers appears quite moderate, the lack of information about the distribution of Gleason 5, 6, or 7 cancer makes the 
results for this group uncertain in light of the subsequent report by Albertsen that was described earlier ( 1).

A follow-up study using the same technique of pooled analysis was reported by Gerber and associates on a cohort of 2,758 men with localized cancer from eight 
centers located in three countries ( 3). Although the follow-up was shorter, this study still permits some useful comparisons with the conservative therapy study. The 
10-year cancer-specific survival was 87% to 98% for Gleason 2 to 4 cancers, 74% to 85% for Gleason 5 to 7 cancers, and 65% to 86% for Gleason 8 to 10 cancers. 
One implication from these two reports is that approximately 13 men with Gleason 2 to 4 cancers must be treated surgically to prevent one cancer death. These two 
studies also provide important insight into the potential impact of radical prostatectomy in men with poorly differentiated prostate cancer. They suggest that the 
difference in survival could be approximately 30% in 10 years, an observation that clearly needs to be confirmed in a randomized study. They also show that the 
minimal impact of treating well-differentiated prostate cancer is at least at 10 years.

Unfortunately, deficiencies in these two studies limit the ability to make very firm conclusions. The limitations include possible patient selection biases, differences in 
follow-up, and the absence of both a central pathology review and uniform review of the cause of death. Nevertheless, in the absence of a randomized study, these 
reports provide some insight into the range of outcomes that might be expected with these two treatments. Another large study that looked at the impact of 
conservative therapy included data on more than 59,000 men with prostate cancer who were obtained from the Surveillance, Epidemiology, and End Results Program 
(4). These patients, aged 50 to 79 years, were diagnosed and treated by conservative therapy, radical prostatectomy, or external beam radiation therapy between 
1983 and 1992. The end points included overall survival and prostate cancer–specific survival. The results were analyzed using the Kaplan-Meier method. The large 
sample size in each group resulted in very narrow confidence intervals. At 10 years, the cancer-specific survival after conservative therapy was 94% (91% to 95%) for 
men with Gleason 2 to 4 cancers but only 45% (40% to 51%) for men with Gleason 8 to 10 tumors. The Gleason 2 to 4 tumors treated conservatively had essentially 
the same results as the men treated by radiation therapy. This reconfirms the findings from the pooled analysis studies that the impact of local therapy is probably 
quite small after 10 years of follow-up. Although surgery resulted in a slightly higher survival than the other two treatments, the groups are not really comparable, 
because the Gleason score for the conservative and radiation groups was obtained from the prostate biopsy, whereas the Gleason score for the surgery group was 
obtained from the radical prostatectomy specimen. Upgrading is known to occur in approximately 30% of the surgery specimens. Therefore, any comparison of 
surgery to other therapies has a significant probability of bias in favor of the surgery group.

Based on the comparison of radiation and conservative therapy for men with high Gleason scores in this study, with an estimated 8% higher survival with radiation at 
10 years, approximately 12 men have to be treated with radiation to prevent one cancer death.

In the men with Gleason 5 to 7 tumors, conservative therapy actually was slightly better than radiation therapy. However, as explained previously, such a comparison 
is invalid, because the distribution of Gleason 5, 6, or 7 cancers within each group is not described. Because the outcomes for these three grades differ, no valid 
conclusions are possible for the moderately differentiated group.

Despite the large cohort of patients, the level of confidence associated with these results is uncertain. Potential problems include nonuniform review of the biopsies, 
variable follow-up, uncertainty over the reliability of the cause of death, potential variations in the radiation therapy dose and technique, and the timing and use of 
hormone therapy in the men treated with radiation therapy. Perhaps the only valid conclusion from this study is that, if there is any benefit from radiation therapy using 
the techniques available during that time period in men with Gleason 2 to 4 cancers, then that benefit is likely to be extremely small, at least at 10 years after 
diagnosis. Perhaps longer follow-up will show greater differences. Although there was no detectable difference between radiation and conservative therapy for the 
men with Gleason 5, 6, or 7 cancer, again no conclusion is justified, because these tumors were not evaluated separately.

In addition to providing important information about the difference in outcomes for Gleason 5, 6, and 7 cancers, Albertsen and his associates are credited with 
providing the 15-year outcomes for men with localized prostate cancer who were treated conservatively ( 1). They developed a competing risk analysis for men 
between the ages of 55 and 74 years, estimating the probability of dying from prostate cancer or other causes, or being alive, stratified by Gleason score. This work is 



particularly important, because it is the only report on conservative management to show the outcomes separately for Gleason 5, 6, and 7 cancers.

The study was performed by searching the Connecticut Tumor Registry for men aged 55 to 74 years who were diagnosed with localized prostate cancer between 
1971 and 1984 and either did not receive local treatment, such as radiation, surgery, or brachytherapy, or received immediate or delayed hormone therapy. The most 
important aspect of this study is that all of the biopsy specimens were re-reviewed by one pathologist. The authors found that at 15 years the chances of dying from 
prostate cancer were 4% to 7% for men with Gleason 2 to 4 cancer, 6% to 11% for men with Gleason 5 cancer, 18% to 30% for men with Gleason 6 cancer, 42% to 
70% for men with Gleason 7 cancer, and 60% to 87% for men with Gleason 8 to 10 cancer. These data further demonstrate the low probability of suffering from 
prostate cancer over a 15-year period for Gleason 2 to 5 cancer. Even for Gleason 6 cancers, the risk is not very high, especially in men aged older than 70 years, 
because they have a much higher risk of dying from other causes. These data also clearly demonstrate the high risk posed by this disease in men whose tumor has a 
high Gleason score (7 to 10). Even at 5 years, men with high-grade prostate cancer have a significant risk of dying from their disease, regardless of whether they are 
55 or 74 years of age.

Despite the methods used to minimize bias, the study is still a retrospective review and, therefore, subject to the same selection biases of other nonrandom studies. 
Nevertheless, the results are remarkably consistent for the well and poorly differentiated cancers compared to the other studies cited.

One additional large, single-institution cohort study reported 15-year survival results for men with To to T2 prostate cancer ( 5). The patients were diagnosed in 
Sweden between 1977 and 1984 either by fine-needle aspiration or by examining surgical specimens obtained from men undergoing surgery for benign prostatic 
hypertrophy. The mean age at diagnosis was 72 years. Although the study was retrospective, all the cases were re-reviewed for this report. Some men with 
high-grade cancers were excluded and received local therapy. All patients were followed until death. The average follow-up was 168 months, and it included a bone 
scan every 6 to 12 months. All death certificates were also reviewed. The results showed that only 12% developed metastases, and 11% died of prostate cancer. The 
15-year cancer-specific survival for the entire group was 72% to 89%. Death from prostate cancer occurred in 6%, 17%, and 56% of men with well, moderate, and 
poorly differentiated cancers; however, survival curves were not provided. As a result, this study does not permit easy comparisons with other reports.

Although this report has received considerable attention, it too suffers from several valid criticisms. These include the use of cytology rather than histology to make 
the diagnosis, the small number of poorly differentiated cancers, and the inclusion of 72 of 300 patients with Tol cancers (similar to the old A1 cancers that carry very 
small risk).

SUMMARY

Until randomized studies are completed, patients will have to rely on data from uncontrolled reports, such as those described previously. Although caution is needed, 
there is a recurring pattern of behavior of well-differentiated localized tumors treated conservatively with a very small percentage dying from their disease even by 10 
to 15 years after diagnosis. At the same time, the mortality is quite high for the poorly differentiated cancers. Perhaps the greatest problem in using these data to 
counsel patients diagnosed in the year 2001 is that none of the studies includes men diagnosed by PSA, which represents the most common means of diagnosis at 
the present time. Because the estimated lead time bias of PSA-detected cancers is approximately 3 years, the natural history of newly diagnosed prostate cancers is 
likely to be even longer than those included in the studies cited. Nevertheless, the counseling problem is not alleviated, because the average age at diagnosis is 
declining, and many men have a life expectancy much greater than the 15 years for which data currently exists. Longer follow-up will be needed for the well and 
moderately differentiated cancers before these results are available. Regardless of these outcomes, however, conservative management is a reasonable treatment 
option for men with localized prostate cancer and Gleason scores of 2 to 6.
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INTRODUCTION

Prostate cancer is the most common non–skin cancer among American men and is the second leading cause of cancer death after lung cancer in men in the United 
States. The American Cancer Society (ACS) estimates that 198,100 men will be diagnosed with prostate cancer in the United States in 2001, and 31,500 men will die 
from this disease (1). Worldwide, prostate cancer is the sixth most common cancer in terms of incidence and the fourth most common cancer among men. The lifetime 
incidence of prostate cancer in developed countries is approximately 14.3%, compared to only 4.3% in third-world nations ( 1). An older population and more 
aggressive screening most likely explain these differences. Although the incidence of prostate cancer is relatively high, prostate cancer represents only 5.6% of all 
cancer deaths among men. These statistics reflect the relatively good prognosis of many men diagnosed with this disease.

From a public health perspective, prostate cancer represents a significant disease burden. Approximately 19% of men diagnosed with prostate cancer will die from 
their disease. As the life expectancy for a 65-year-old man continues to increase, the burden posed by prostate cancer will also increase. The aging of the post–World 
War II generation will cause the absolute number of prostate cancer cases to increase dramatically in the next few decades. This absolute increase in incidence and 
mortality is obscured in age-adjusted incidence and mortality rates reported by several large cancer agencies. It is therefore important to understand how cancer 
statistics are generated and reported.

HOW ARE CANCER DATABASES CREATED?

In the United States, a major source of information concerning newly diagnosed cancer cases is from data generated by the National Cancer Institute's Surveillance, 
Epidemiology, and End Results (SEER) program (2). This program was created in 1971 as part of the National Cancer Act and is charged to collect, analyze, and 
disseminate information that is useful in preventing, diagnosing, and treating cancer. The SEER program is comprised of 11 large tumor registries that together 
conduct surveillance of approximately 14% of the U.S. population. The tumor registries of five states, Connecticut, Hawaii, Iowa, New Mexico, and Utah, and five 
standard metropolitan regions, Atlanta, Detroit, San Francisco–Oakland, Seattle–Puget Sound, and Los Angeles County, plus four counties in the San Jose–Monterey 
region south of San Francisco, comprise the SEER program. Each of these registries is responsible for obtaining detailed information concerning every patient 
diagnosed with cancer who resides in these defined geographic regions. Legislative statutes mandate the reporting of newly diagnosed cancer in every SEER region.

Information regarding cancer deaths is derived from a different source. The National Center for Health Statistics compiles detailed information concerning all deaths 
that occur within the United States. Most state health departments and vital statistics offices use the standard death certificate format recommended by the World 
Health Assembly. The death certificate consists of two parts. Part I contains three lines for physicians to record the train of medical events leading directly to the 
patient's death. Part II contains one line for physicians to record any “other significant conditions.” Specifically, physicians are asked to record “conditions contributing 
to death but not related to cause.” The National Center for Health Statistics codes information available on death certificates using a standard coding algorithm that is 
part of the International Classification of Diseases 9 system. The general principle of the coding algorithm states that when more than one condition is entered on the 
certificate, the condition entered alone on the lowest used line of part I should be selected only if it could give rise to all of the conditions entered above it. Whether 
information on part I of the certificate appears incomplete or is unlikely to be the definitive cause of death, information on part II may be used. This most often occurs 
for poorly defined conditions, such as senility, various trivial conditions, surgical procedures, and multiple malignancies. Details of the coding rules can be found in 
Chapter 4 of the International Classification of Diseases and Related Health Problems (3).

To better understand the relationship between prostate cancer incidence and mortality, it is useful to determine the agreement between the underlying cause of death 
from death certificates among men diagnosed with prostate cancer before and after the introduction of testing for prostate-specific antigen (PSA) ( 4). The International 
Classification of Diseases 9 coding rules concerning the underlying cause of death favor over- rather than underreporting prostate cancer deaths when compared with 
hospital medical record review. This occurs most frequently when other cancers were present or when a patient died after surgery to treat prostate cancer. However, a 
high level of agreement exists between the underlying cause of death from information available in hospital medical records and on death certificates for men with 
prostate cancer. Moreover, cause of death determination does not appear to have changed after the introduction of testing for PSA.

HOW ARE CANCER INCIDENCE AND MORTALITY RATES REPORTED?

More than any other cancer, prostate cancer is a disease of the elderly. In developed countries, 82% of cases occur in men older than 65 years. Therefore, the 
absolute number of new cases depends on the absolute number of older men alive in the population being studied. Western countries generally have a 
proportionately greater number of elderly people compared with developing nations. As more men live longer lives, the number of men at risk for developing prostate 
cancer increases. This will be especially true during the next several decades when the post–World War II generation ages.

Cancer statistics can be reported using several different methods. One method is simply to tally the number of new cancer cases and cancer deaths that occur during 
a specific time period, such as 1 year. Although this technique provides some information concerning the magnitude of prostate cancer within a population, it does not 
account for the number of patients at risk for developing this disease. Because of this problem, and differences in the age structure between populations, cancer 
researchers frequently express cancer statistics as an age-adjusted rate. By adjusting the incidence rates by the number and age structure of the population at risk, 
epidemiologists can determine whether the incidence of prostate cancer (expressed per unit of population) is increasing, decreasing, or remaining constant. 
Furthermore, this method allows epidemiologists to make meaningful comparisons between different populations of men separated by either time or geography. 
Normally, the Bureau of Vital Statistics adjusts the incidence rates to fit the U.S. population age distribution present during a census year. The standard used by the 
SEER program is the age distribution recorded in the 1970 census of the United States. Incidence rates and mortality rates are normally expressed as an 
age-adjusted rate per 100,000 men.

HOW ARE CANCER INCIDENCE AND MORTALITY RATE PROJECTIONS CALCULATED?

The ACS prepares estimates of incidence and mortality rates annually for all major cancers ( 1). These rates are published each January and provide detailed 
information on the projected number of new cancer cases and cancer deaths occurring in the United States. The information is derived from data collected by the U.S. 



Census Bureau and the National Cancer Institute's SEER program. Estimates of new cancer cases are calculated using a three-step procedure. First, the annual 
age-specific cancer incidence rates for a 15-year period are multiplied by the age-appropriate U.S. Census Bureau population projections for the same years to 
estimate the number of cases diagnosed annually for a 15-year period. These annual cancer case estimates are then fitted to an autoregressive quadratic model. This 
model is used to predict the following year's rate.

Because of the unavoidable delay in assembling cancer incidence data from tumor registries that participate in the SEER system, accurate cancer incidence rates are 
only available for time periods that precede the current year by approximately 3 years. Therefore, the estimates provided by the ACS are actually statistical 
projections 3 years into the future. For example, ACS estimates of new prostate cancer cases published in 2001 were based on SEER public use data available only 
through 1997. Because of the rapid rise in the number of new cases reported during the early 1990's, the ACS projections initially underestimated and then 
overestimated the true incidence derived from SEER data. Because of these dramatic changes in the projected rates, the ACS published an adjustment to the 1997 
estimates in the July/August issue of CA: A Cancer Journal for Clinicians that reduced the projected number of new cases for 1997 from 334,500 to 209,900 (5). 
These new estimates were based on an assumption that incidence rates would continue to decline during the next few years. For 2001, the ACS projects that 198,100 
men will be diagnosed with prostate cancer and 31,500 men will die from their disease, but because of the huge fluctuations in incident prostate cancers in recent 
years, these figures should be interpreted cautiously.

The rapid rise in the ACS projections concerning the incidence of prostate cancer that occurred after the introduction of testing for PSA led many clinicians to speak of 
a prostate cancer epidemic. In hindsight, the recent changes in prostate cancer incidence rates reflect a cull phenomenon that can occur after the introduction of a 
new, more sensitive screening tool. PSA testing has led to the discovery of a large number of previously unsuspected cases, especially among men in their seventh 
decade. This cull effect is confirmed by the observation that incidence rates have fallen most dramatically among older men who have undergone repeated testing for 
PSA. Stephenson has reported that PSA testing appears to be related to age and that since 1992 the incidence rates for older men have fallen more rapidly than for 
younger men. The fraction of men undergoing PSA testing increases as a function of their age, from 17% of men in their fifth decade to 75% of men in their ninth 
decade (6).

HOW DOES PROSTATE CANCER COMPARE WITH OTHER COMMON CANCERS?

Prostate cancer is only one of several cancers that afflict older Americans. Estimates for 2001 suggest that 31% of cancers diagnosed in men will be prostate, 14% 
will be lung and bronchus, and 10% will be colon and rectal cancer ( Fig. 13-1) (1). Deaths from prostate cancer, however, occur less frequently than from other 
common cancers. Estimates for 2001 suggest that 31% of cancer deaths in men will be from lung cancer, 11% from prostate cancer, and 10% from colon and rectal 
cancer (Fig. 13-2).

FIGURE 13-1. Estimated new cancer cases, ten leading sites by gender, United States, 1999. Excludes basal and squamous cell skin cancers and in situ carcinomas 
except urinary bladder. (From Landis SH, Murray T, Boled S, et al. Cancer statistics, 1999. CA Cancer J Clin 1999;49:16, with permission.)

FIGURE 13-2. Estimated cancer deaths, ten leading sites by gender, United States, 1999. Excludes basal and squamous cell skin cancers and in situ carcinomas 
except urinary bladder. These two cancers received a ranking of 10; they have the same number of deaths and contribute the same percentage. (From Landis SH, 
Murray T, Boled S, et al. Cancer statistics, 1999. CA Cancer J Clin 1999;49:16, with permission.)

Common cancers present at different ages. Between 1990 and 1994, the median age at diagnosis for prostate cancer was 71 years; for colon and rectal cancer, the 
median age at diagnosis was 72 years, but for female breast cancer, by comparison, it was 64 years. The median age at death during this same period was 78 years 
for prostate cancer, 74 years for colon and rectal cancers, and 68 years for female breast cancer. Therefore, the median time from diagnosis to disease-specific death 
was 7 years for prostate cancer, 2 years for colon and rectal cancer, and 4 years for female breast cancer. The number of life years lost for these diseases is 8 years 
for prostate cancer, 10 years for colon and rectal cancers, and 17 years for breast cancer. By comparison, the average number of life years lost to cardiovascular 
disease is 12 years.

HOW HAVE PROSTATE CANCER INCIDENCE RATES CHANGED?

Over the past three decades, incidence rates for prostate cancer have changed dramatically. During the period 1973 to 1986, they rose linearly, but they increased 
much more rapidly from 1987 to 1992. Since then, the rates have been falling and are now approaching values originally seen during the earlier portion of the 1990s 
(Fig. 13-3). During the 5 years preceding 1992, the age-adjusted incidence rate of prostate cancer increased 84% from 102.9 cases per 100,000 men in 1987 to 189.4 
per 100,000 men in 1992. The two largest increases were observed in 1990 and 1991. Since 1992, there has been a precipitous drop in the number of new cases, 
such that by 1995, the most current year for which accurate numbers are available, the incidence rates were 168.7 per 100,000, a value just slightly above that 
recorded for 1990 (Fig. 13-4). The incidence rate curves over time for African-American and white individuals have a similar shape, except that the peak incidence 
rate for African-Americans occurred 1 year later than the peak for white individuals ( Fig. 13-5). The incidence of prostate cancer in African-Americans is almost 
double that seen among white individuals.



FIGURE 13-3. Age-adjusted cancer incidence rates for men by site, United States, 1973 to 1995. Rates are per 100,000 population and are age-adjusted to the 1970 
U.S. standard population. (From Landis SH, Murray T, Boled S, et al. Cancer statistics, 1999. CA Cancer J Clin 1999;49:19, with permission.)

FIGURE 13-4. Prostate cancer incidence and mortality in the United States, 1990 to 1995. SEER, Surveillance, Epidemiology, and End Results. (From Stanford JL, 
Stephenson RA, Coyle LM, et al. Prostate cancer trends 1973–1995, SEER program . Bethesda, MD: National Cancer Institute, 1998:NIH Pub. No. 99-4543, with 
permission.)

FIGURE 13-5. Prostate cancer Surveillance, Epidemiology, and End Results (SEER) program incidence rates, 1973 to 1995. Rates are age adjusted to the 1970 U.S. 
standard. Rates from 1973 to 1987 are based on data from the nine standard SEER registries. Data from San Jose and Los Angeles are included in the rate 
calculations for 1988 to 1995. (From Stanford JL, Stephenson RA, Coyle LM, et al. Prostate cancer trends 1973–1995, SEER program. Bethesda, MD: National 
Cancer Institute, 1998:NIH Pub. No. 99-4543, with permission.)

HOW DO PROSTATE CANCER INCIDENCE RATES VARY BY AGE AT DIAGNOSIS?

Despite widespread screening efforts targeted at men aged 50 to 65 years, age-specific incidence rates still suggest that prostate cancer is a disease of older men. 
For the two decades leading up to 1993, the age-specific incidence rates were highest for men aged 75 years and older, followed by that for men aged 65 to 74 years 
(7). Since 1993, the rate has decreased sharply among men aged 75 years and older, so that the highest rate of prostate cancer now occurs among men aged 65 to 
74 years. Prostate cancer is still relatively uncommon among men under the age of 65, but the annual rate among this group more than tripled between 1989 and 
1992. The rate has decreased slightly since 1992 ( Fig. 13-6).

FIGURE 13-6. A, B. Prostate cancer Surveillance, Epidemiology, and End Results (SEER) program incidence rates by age at diagnosis, 1973 to 1995. Rates are age 
adjusted to the 1970 U.S. standard. Rates from 1973 to 1987 are based on data from the nine standard SEER registries. Data from San Jose and Los Angeles are 
included in the rate calculations for 1988 to 1995. (From Stanford JL, Stephenson RA, Coyle LM, et al. Prostate cancer trends 1973–1995, SEER program. Bethesda, 
MD: National Cancer Institute, 1998:NIH Pub. No. 99-4543, with permission.)

Before the introduction of testing for PSA, the mean age at diagnosis for men with prostate cancer was 72 years for white individuals and 70 years for 
African-Americans. Since then, the mean age has been falling. As of 1994, the mean age at diagnosis among white individuals was 69 years and 67 years among 
African-Americans. Thus, as a result of testing for PSA, prostate cancer is being diagnosed approximately 2.5 years earlier than it was a decade ago. As a 
consequence, all comparisons with historical case series concerning longevity postcancer diagnosis must account for a 2.5-year lead time. To attribute increased 
longevity to earlier diagnosis and treatment, researchers must see a survival improvement of at least this amount after radical surgery or radiation.

HOW HAS THE STAGE OF INCIDENCE CASES OF PROSTATE CANCER CHANGED SINCE 1990?

The SEER program reports a summary cancer stage for all patients with newly diagnosed disease. For prostate cancer, four categories are used: localized, regional, 



distant, and unknown. Before the introduction of PSA testing, patients with localized cancer accounted for the major proportion of incident cases. Relatively modest 
increases were recorded for regional and distant-stage disease. After 1986, the stage-specific incidence rates began to increase rapidly for all stages except for 
distant-stage disease. From 1986 to 1991, the incidence of localized disease increased 75%, whereas incidences of regional and unstaged disease rose 144% and 
161%, respectively. The incidence of distant-stage disease remained essentially unchanged.

The introduction of testing for PSA has had a profound effect on the incidence of distant-stage disease. Since 1991, the age-adjusted incidence rate for distant 
disease has fallen dramatically and is now approximately half of what it was at the beginning of the 1990s. Although a decreasing rate of distant disease is an 
indicator that early detection may subsequently lead to decreased mortality, this fact alone is not sufficient to demonstrate the efficacy of prostate cancer screening 
and treatment. The efficacy of early detection and treatment requires a significant decline in mortality rates. Although prostate cancer mortality rates have shown a 
modest decline during the last few years, the drop has not been of a sufficient magnitude to confirm the value of early detection and treatment. Given the long natural 
history of prostate cancer, if PSA screening is effective, the associated earlier detection of prostate cancer combined with curative treatment of localized disease will 
not yield large population-based improvements in mortality until the mid 2000s.

Screening for cancer can produce significant stage shifts and still not result in significant reductions in mortality rates. In the 1960s, for example, a number of 
organizations within the United States advocated lung cancer screening by chest x-ray, because data from several large case series suggested a shift in stage and an 
increase in patient survival ( 8). Controversy surrounding screening ended only after clinical trials demonstrated that routine chest x-rays did not result in a decline in 
mortality from lung cancer. The recent Japanese and Canadian experiences with neuroblastoma screening are other examples of cancer screening programs that 
yielded a favorable stage shift and an apparent increased survival without evidence of decreased mortality ( 9,10). Further evaluation of screening tests for 
catecholamine metabolites has demonstrated that there are two kinds of neuroblastoma, a benign form that will never progress, and an aggressive, usually fatal form 
that is unlikely to be found at a curable stage even with screening. Neuroblastoma screening has caused a significant number of children to undergo unnecessary 
treatment. It is plausible that a similar phenomenon for older adult men is occurring due to PSA screening for prostate cancer.

HOW HAS THE GRADE OF PROSTATE CANCER CHANGED SINCE 1990?

The past two decades have witnessed a change in the distribution of cancer grade among men with newly diagnosed prostate cancer. The SEER program classifies 
prostate cancer into four differentiation grade categories: well, moderate, poor, and undetermined. Well differentiated includes tumors with Gleason scores 2 to 4 and 
moderately differentiated includes tumors with Gleason scores 5 to 6, whereas poorly differentiated includes tumors with Gleason scores 7 to 10. Between 1974 and 
1984, the rate of well- and poorly differentiated tumors increased slowly, whereas the age-adjusted incidence of moderately differentiated tumors grew more rapidly. 
After 1989, with the introduction of widespread testing for PSA, there was a dramatic increase in the number of moderately differentiated tumors, such that the number 
of new cases in this grade category was two to three times higher than the number of well- and poorly differentiated tumors. Since 1991, moderately differentiated 
tumors have represented half of all newly diagnosed cases, whereas well- and poorly differentiated tumors have each accounted for approximately 20% of new cases.

Coding rules used by the SEER program may explain some of these changes. According to SEER conventions, the most accurate pathology grade is used when 
recording the grade of newly diagnosed cancers. For patients undergoing radiation therapy or conservative management, the grade of tumor is based on needle 
biopsy or the transurethral resection specimen that resulted in diagnosis. For patients undergoing radical prostatectomy, the results of the surgical pathology report 
replace the results obtained on biopsy. As a result, some of the tumors that are well differentiated initially may be upgraded to moderately differentiated tumors so that 
trends in tumor stage and grade must take into account trends in prostate cancer treatment. It is unclear whether these changes account for the majority of the 
changes observed for moderately differentiated disease.

HOW HAVE PROSTATE CANCER MORTALITY RATES CHANGED SINCE 1990?

During the past two decades, the mortality rate from prostate cancer has gradually increased for both white individuals and African-Americans. Since then, the number 
of deaths has been stable. In absolute terms, 33,565 men died from prostate cancer in 1991 compared with a projection of 31,500 deaths in 2001 ( Fig. 13-4). When 
viewed in relative terms, however, the data suggest a different trend. Among white men, the age-adjusted mortality rate rose from 20.3 deaths per 100,000 men in 
1973 to 24.7 deaths per 100,000 men in 1991. Rates for African-American men were more than twice as high. Since then, however, rates have declined in both 
populations (Fig. 13-7). The National Cancer Institute recently reported data showing that the prostate cancer death rate in the United States fell between 1991 and 
1995 from a crude rate of 26.5 to 17.3 deaths per 100,000 men in the overall population ( 11). The percentage decline was the greatest for young, white men and 
smallest for older men and African-Americans. The differences between absolute and relative age-adjusted rates are explained, in part, by the increasing number of 
men dying from prostate cancer but also by the even greater increase in the number of older men still alive in the U.S. population. The increase in the size of the 
population at risk (the denominator) has been proportionally more rapid than the increase in the number of men dying from prostate cancer (the numerator).

FIGURE 13-7. Prostate cancer mortality rates, 1973 to 1995. Rates are age adjusted to the 1970 U.S. standard. Rates from 1973 to 1987 are based on data from the 
nine standard prostate cancer Surveillance, Epidemiology, and End Results (SEER) program registries. Data from San Jose and Los Angeles are included in the rate 
calculations for 1988 to 1995. (From Stanford JL, Stephenson RA, Coyle LM, et al. Prostate cancer trends 1973–1995, SEER program. Bethesda, MD: National 
Cancer Institute, 1998:NIH Pub. No. 99-4543, with permission.)

There has been a small decline in the age-adjusted mortality rate during the past few years. After increasing steadily from 1973 to 1990, the mortality rate from 
prostate cancer fell by 6.3% from 1991 to 1995 (2). The age-specific fall was the greatest for men younger than age 75 years (7.4%) and lowest for men older than 75 
years (3.8%). Men older than age 75 years account for two-thirds of all prostate cancer deaths ( Fig. 13-8). This is the first recorded fall in the mortality rate from 
prostate cancer since the 1930s, when cancer statistics were first collected. Many urologists attribute this decline in prostate cancer mortality to early diagnosis 
through PSA screening. There are several equally plausible explanations that can account for a decline of this magnitude.

FIGURE 13-8. A, B. Prostate cancer U.S. mortality rates by age at death, 1973 to 1995. Rates are age adjusted to the 1970 U.S. standard. (From Stanford JL, 
Stephenson RA, Coyle LM, et al. Prostate cancer trends 1973–1995, SEER program . Bethesda, MD: National Cancer Institute, 1998:NIH Pub. No. 99-4543, with 



permission.)

The discrepancy between a 19% lifetime incidence of prostate cancer and a 3.6% lifetime mortality from prostate cancer indicates that the majority of prostate cancers 
do not result in death. Most prostate cancers occur in older men, and, because the progression rate is often slow, most men with prostate cancer die of other causes 
before their prostate cancer causes death. Autopsy series have revealed that approximately one-third of men older than age 50 years have asymptomatic prostate 
cancer (12). By age 80 years, approximately 60% to 70% of men will have microscopic evidence of disease. Why most of these cancers do not become clinically 
significant remains unknown.

CAN THE RECENT DECLINE IN PROSTATE CANCER MORTALITY RATES BE ATTRIBUTED TO SCREENING AND TREATMENT?

Virtually all physicians and public health experts agree that prostate cancer is a significant health problem, and, therefore, efforts to prevent and control this disease 
should be part of the American public health agenda. To promote testing for PSA as a method of screening for prostate cancer, public health officials seek to 
determine whether PSA testing satisfies several important criteria. These include the following four criteria:

1. Is testing for PSA an accurate and relatively inexpensive method of identifying prostate cancer?
2. Does early detection of prostate cancer improve clinical outcome?
3. Are there potentially harmful consequences associated with the diagnosis and treatment of prostate cancer?
4. From a public health perspective, does screening for prostate cancer do more good than harm?

Many researchers have evaluated the performance of PSA testing when used as a tool to screen for prostate cancer. Unfortunately, because most men with normal 
PSA results do not undergo prostate biopsy, the true sensitivity and specificity of screening for prostate cancer using PSA remains uncertain. Catalona and 
colleagues reported a sensitivity of 80% when PSA is used to screen healthy men for prostate cancer ( 13). The specificity, however, is not nearly so high. Men with 
benign prostate hypertrophy and prostatitis frequently have false-positive results. PSA values are elevated in 25% to 46% of men with benign prostate hypertrophy, 
and only 28% to 35% of men testing positive for PSA will be found to have prostate cancer on biopsy ( 14,15). Recently, researchers have explored whether 
measurements of the ratio of free to complexed PSA can improve the specificity of testing for PSA. This approach has yielded modest improvements in specificity in 
the range of results between 4 and 10 ng per mL (16).

Attempts to determine the impact of screening large segments of the population are confounded by another significant problem. Because prostate cancer is a 
relatively slow-growing malignancy that frequently strikes older men, many men can be diagnosed with prostate cancer but never succumb to this disease. Screening 
large numbers of healthy patients risks identifying a large number of latent cancers that are not destined to progress to death during the patient's lifetime but may 
result in treatment with associated morbidity and mortality. Dugan and colleagues estimate that, based on prostate cancer volume-doubling times, 0.3% to 14.5% of 
cancers identified by testing for PSA are clinically insignificant ( 17), but others would argue this figure to be substantially higher.

The value of screening for prostate cancer using PSA testing ultimately rests on the clinical outcomes of those men who underwent testing. Numerous publications 
have focused on the relative merits of various strategies, such as PSA density, PSA velocity, and tumor ploidy, to identify men with clinically significant prostate 
cancer. These articles hold little value if screening does not significantly improve either longevity or quality of life. Some clinicians justify screening for PSA solely on 
the basis that the test can detect organ-confined disease. This finding alone is not sufficient to justify a screening program. Men undergoing screening must have 
outcomes that are superior to those men who are not screened. Clinical trials support the efficacy of breast, cervical, and colorectal cancer screening ( 18). Similar 
evidence is still lacking for prostate cancer, although a large national trial is ongoing. Observational studies of screening by alternative strategies, such as digital 
rectal examination alone, report no benefit ( 19,20).

IF TESTING FOR PROSTATE-SPECIFIC ANTIGEN IS EFFECTIVE, WHEN SHOULD A DECLINE IN PROSTATE CANCER MORTALITY 
BECOME EVIDENT?

Although it is tempting to attribute the recent modest decline in the age-adjusted prostate cancer mortality rate to the aggressive detection and treatment programs 
initiated throughout the country during the past decade, epidemiologists remind us that age-adjusted rates are falling for other common cancers affecting American 
men. In 2001, 52% of male cancer deaths will be from cancers of the lung, prostate, colon, and rectum. Between 1991 and 1995, mortality rates for American men 
decreased 6.7% for lung cancer, 6.3% for prostate cancer, and 7% for colorectal cancer ( 21). The drop in the number of deaths from lung cancer accounts for more 
than half of the overall drop in cancer mortality among men during this period. This fall can most likely be attributed to a decline in smoking, rather than early detection 
and treatment. Although the fall in colorectal cancers may be attributed to screening and treatment, an equally plausible possibility is that the decline is owing to 
primary prevention strategies, such as a decrease in the fat content of the average diet.

An explanation for the fall in prostate cancer rates remains elusive. Some experts claim that the fall is a consequence of screening and treatment ( 11,22). The SEER 
registries, however, document that the largest declines in prostate cancer mortality in the United States have occurred in regions of the country in which aggressive 
screening and treatment have been promoted least (21). In Connecticut, for example, where prostate cancer testing for PSA was not widely adopted until the early 
1990s, the age-adjusted mortality rate was 23.5 per 100,000 men during the period 1991 to 1995. In Seattle, where prostate cancer was aggressively promoted during 
the late 1980s and was followed by a significantly higher rate of radical prostatectomy, prostate cancer mortality rates were 25.1 per 100,000 men during the same 
period (21,23). Given the long natural history of prostate cancer, aggressive screening and treatment programs cannot possibly yield large population-based 
improvements in mortality rates until the mid 2000s.

HOW DOES PATIENT AGE IMPACT THE DIAGNOSIS AND TREATMENT OF PROSTATE CANCER?

Incidence and prevalence data highlight the strong correlation between age and mortality from prostate cancer. Although older men have a relatively high incidence of 
prostate cancer, death from this disease occurs less frequently when compared with other competing hazards, such as heart disease and other cancers ( Table 13-1). 
Because of the relatively low chance of dying from prostate cancer, especially when diagnosed at a very early stage, some physicians have argued against 
diagnosing and treating men who have a life expectancy of less than 10 years ( 24,25). Based on 1991 life expectancy tables, this occurs at approximately age 73 
years for men in average health (Table 13-2). Men diagnosed with localized prostate cancer in their mid-seventies face a low probability of dying from their disease as 
compared to other causes.

TABLE 13-1. LEADING CAUSES OF DEATH FOR U.S. MEN IN 1991



TABLE 13-2. LIFE EXPECTANCY AT SINGLE YEARS OF AGE FOR MEN OF ALL RACES

HOW ARE OUTCOMES ASSESSED AFTER TREATMENTS FOR PROSTATE CANCER?

Researchers and clinicians can use several different experimental approaches to assess the impact of treating prostate cancer. Prostate cancer therapies are usually 
designed to achieve two goals, an increase in longevity while maintaining quality of life. Although randomized, experimental protocols are the ideal way to evaluate 
new and existing diagnostic tests and procedures, this intervention approach is not always practical, especially for chronic diseases, such as prostate cancer, that 
require many years of follow-up. The choice of study design depends on the question that is being addressed and usually entails a selection between an experimental 
design, in which patients are assigned to a treatment, or a nonexperimental design, in which data are assembled after patients select their own treatment.

Many physicians use case-series reports to document clinical outcomes after a specific medical intervention. Although these reports provide some insight concerning 
treatment efficacy, data from case series frequently suffer from numerous confounding factors and biases that limit their usefulness when generalizing results to the 
population of patients seen in community practice. Because data from case series lack a comparison group, patients and clinicians are often unable to differentiate 
between the impact of treatment and the natural progression of the disease or the impact of competing medical problems. It is often assumed that the majority of 
patients receiving treatment were destined to die from their disease in the absence of treatment. Researchers reporting case series usually do not provide information 
concerning the likely outcome if the patients had not received therapy. Without this comparison information, however, it is impossible to assess the relative increase in 
longevity or improvement in quality of life offered by the treatment being evaluated.

In 1996, for example, Gerber et al. published a multiinstitutional pooled analysis of men with clinically localized disease treated by radical prostatectomy between 
1970 and 1993 (26). They reported excellent 10-year disease-specific survival estimates of 94%, 80%, and 77% for men with well- (Gleason score 2 to 4), moderately 
(Gleason score 5 to 7), and poorly (Gleason score 8 to 10) differentiated disease. Initial review of these data suggests that radical prostatectomy is most efficacious 
among men with well-differentiated disease and least efficacious among men with poorly differentiated disease. Unfortunately, no comparison population is available 
to determine the relative increased survival achieved by the patients undergoing treatment compared to those patients receiving no treatment.

More recently, Shipley et al. published a multiinstitutional pooled analysis of men with clinically localized prostate cancer treated with radiation therapy between 1988 
and 1995 (27). They reported excellent 5-year disease-specific survival estimates of 95.1% for all men treated with radiation. Those patients with Gleason score 2 to 4 
tumors and a PSA level less than 10 ng per mL at diagnosis had an 81% 5-year probability of being disease free. Men with Gleason score 5 to 6 tumors had an 86% 
5-year probability of being disease free, whereas men with Gleason score 7 to 10 tumors had a 79% 5-year disease-free survival.

Although not an ideal comparison population, we analyzed the long-term outcome of 767 men followed conservatively for newly diagnosed localized prostate cancer 
(28). The 10-year disease-specific survival for this group of patients was 94%, 71%, and 30%, respectively, for men with well-, moderately, and poorly differentiated 
disease. These results are identical to those reported by Gerber et al. and better than those reported by Shipley et al. for men with Gleason score 2 to 4 tumors, 
suggesting that radical prostatectomy or radiation therapy may not provide a significant survival advantage among these patients. Conversely, results among patients 
treated conservatively were much worse for men with poorly differentiated disease, suggesting the possibility that radical prostatectomy or radiation therapy may offer 
a significant survival advantage among this group of patients. For men with Gleason score 5 to 7 tumors, a group of men frequently targeted for aggressive 
intervention, disease-specific survival outcomes appear to be relatively similar. Gerber reported a 10-year disease-specific survival of 80% (95% confidence interval, 
74% to 85%). Shipley et al. reported a 5-year, no evidence of disease outcome of 86% (95% confidence interval, 78% to 95%) for men with Gleason 5 to 6 tumors. 
Data from our study suggest a 10-year disease-specific survival of 72% (95% confidence interval, 67% to 76%) for men with Gleason 5 to 7 tumors. Because all three 
series of cases are subject to significant selection biases, and many of the Connecticut patients were inadequately staged, it is impossible to determine whether 
radical prostatectomy or radiation therapy offers a significant survival advantage among this group of patients.

HOW ARE COMPARISON POPULATIONS SELECTED FOR CASE-SERIES ANALYSES?

When making comparisons between the relative efficacy of different treatment strategies, researchers frequently compare the outcomes of patients treated in the 
contemporary era with historical controls. Unfortunately, patients diagnosed with cancers in one era are rarely comparable to those in another. Helgesen, for example, 
recently reported the outcomes associated with the treatment of 80,901 men diagnosed with prostate cancer in Sweden during the period 1960 through 1988 ( 29). 
They demonstrated a significant survival improvement during this period despite the absence of any effective therapeutic interventions. These findings are most likely 
consistent with an increase in the detection of nonlethal tumors coupled with the significant effect of lead-time bias associated with tumor identification after 
transurethral resection of the prostate. As noted earlier, a similar effect has been noted after the introduction of widespread PSA testing in the United States. By 
advancing the date of diagnosis, clinicians guarantee a survival advantage to contemporary patients that is independent of treatment when compared to historical 
controls from the pre-PSA era.

Comparison populations selected from contemporary patients also exhibit significant selection biases. Men who choose surgery, for example, are frequently healthier 
than those patients who select alternative strategies. Barry et al. showed that the men undergoing radical prostatectomy at the Mayo Clinic or at the University of Utah 
had a survival that was superior to an age-matched series of contemporary patients who had not been diagnosed with prostate cancer ( 30). It is unlikely that surgery 
improved these patients' longevity such that they would have a survival advantage over patients not diagnosed with prostate cancer.

HOW DOES CLASSIFICATION BIAS IMPACT PROSTATE CANCER OUTCOMES?

As noted earlier, the National Cancer Institute's SEER program uses the best information available when recording tumor stage and grade. For men undergoing 
radical prostatectomy, staging information often includes an assessment of pelvic lymph nodes. Tumor grade and stage are often coded upward after a review of the 
higher-volume surgical pathology, available through prostatectomy, and a histologic review of pelvic nodes. These differences in the methods of assessing tumor 
stage and grade introduce a classification bias that is often referred to as the Will Rogers phenomenon. Feinstein et al. originally described this phenomenon in an 
article concerning survival of lung cancer patients ( 31). By reclassifying some patients into higher categories, the average survival of all categories of patients will 
appear to improve, even though none of the individual patient's survivals has improved. A similar phenomenon occurs when prostate cancer patients are restaged 
from local disease to regional or distant disease after surgical exploration. Surgical patients will appear to have an improved survival compared to similar patients 
receiving external beam radiation therapy or brachytherapy, or are simply managed conservatively. The descriptive title of this effect is based on a famous joke by 
Will Rogers, who commented when all the “Oklahomans” moved to California during the Great Depression of the 1930s, the average intelligence quotient of both 
states went up!

Classification biases can also result, depending on how researchers assemble patient cohorts for study. Traditional population-based studies usually analyze patient 
outcomes related to date of diagnosis. Aus et al. proposed an alternative approach. They assembled a cohort of 301 Swedish patients identified by the Swedish 
Cancer Registry as those having localized disease at the time of diagnosis who died in Goteborg during the period 1988 to 1990 ( 32). As a consequence of selecting 
patients according to their date of death, Aus et al. selected patients with different characteristics over different time periods. Men with aggressive tumors were 
diagnosed relatively recently, whereas men with more indolent tumors were diagnosed from an earlier era. Because the population at risk changed in size and in age 
distribution, and the incidence of disease increased during the accrual period, the results were biased in favor of selecting men with more aggressive disease ( 33). As 
a consequence, their estimates of the 15-year survival outcomes from prostate cancer are much higher than those reported by others, including Johansson et al., 



Chodak et al., and Albertsen et al. ( 34,35 and 36).

HOW DO CO-MORBIDITIES IMPACT OUTCOMES OF PATIENTS WITH PROSTATE CANCER?

Because prostate cancer is frequently a slowly progressive disease, competing medical hazards play a significant role in determining long-term clinical outcomes. The 
presence of co-morbid conditions confounds comparisons of case-series reports of different treatment alternatives, in part because they contribute to differing survival 
outcomes, but also because they result in selection biases. Healthier patients tend to choose more aggressive treatment strategies than patients who have significant 
heart disease, pulmonary problems, or other coexisting serious health problems.

Several instruments have been developed to assist physicians in classifying the extent of co-morbid disease. None was specifically designed for use in prostate 
cancer patients. The index of coexistent disease developed by Greenfield et al. was designed to predict the functional status of patients after hospitalization and 
includes measures of the activities of daily living ( 37). It has been tested on patients with breast cancer and hip fractures. Charlson et al. developed a co-morbidity 
scoring system for use in patients entering clinical trials ( 38). The index developed by Kaplan and Feinstein was designed to classify initial co-morbidity among 
patients with diabetes mellitus who participated in a long-term outcome analysis ( 39).

When deciding between different treatment recommendations, physicians currently estimate patient potential life expectancy by incorporating information based on 
patient age, modified by a subjective estimate of the impact of co-morbidity. By using formal instruments, researchers and clinicians can potentially control for 
co-morbidity when evaluating survival data from large series. Such instruments were recently tested among men with newly diagnosed, clinically localized prostate 
cancer to determine whether these three systems could be used to stratify men into groups with distinctly different prognoses, according to the presence or absence 
of competing medical hazards (40). Results showed that Gleason score and a co-morbidity index were the two most powerful predictors of long-term survival. Figure 
13-9 demonstrates the cumulative mortality for all causes of death for 411 men who died during a 15-year follow-up period in this study. Men with no co-morbidities at 
diagnosis demonstrated an apparent survival advantage over those with minimal, moderate, and severe co-morbidities. Only 62% to 68% of men with no 
co-morbidities at diagnosis died within 10 years of diagnosis, depending on which instrument was used. Men with minimal or moderate co-morbid conditions had a 
70% to 80% death rate 10 years after diagnosis. Men with severe co-morbidities, on the other hand, had a cumulative mortality exceeding 90% within 10 years of 
diagnosis.

FIGURE 13-9. Cumulative mortality from all causes of death stratified by severity of co-morbidities at diagnosis, as measured by each of the three instruments tested. 
Data are not adjusted for patient age or Gleason sum. ICED, index of coexistent disease. (From Albertsen PC, Fryback DG, Storer BE, et al. The impact of 
co-morbidity on life expectancy among men with localized prostate cancer. J Urol 1996;156:127–132, with permission.)

In addition to showing an increased probability of dying from competing medical hazards, these results demonstrated that the presence of co-morbid disease has an 
impact on prostate cancer–specific mortality. After adjusting for age and Gleason score, patients with higher co-morbidity scores had a higher cumulative mortality 
over a 10-year follow-up period. These findings suggest that cause-specific survival analyses may not adequately control for the impact of competing medical 
hazards.

HOW CAN RESEARCHERS ACCOUNT FOR THE IMPACT OF COMPETING MEDICAL HAZARDS?

Physicians reporting results from research studies, such as randomized trials, population-based analyses, and case series, can select from several potential 
outcomes. Historically, overall survival has been the primary outcome used to evaluate treatment efficacy in oncology. This metric has the distinct advantage of being 
very precise and is advantageous to patients by allowing them to estimate their average probability of surviving using different treatment alternatives.

However, there are three major disadvantages to using overall survival as an outcome metric. First, long-term survival does not separate the impact of prostate cancer 
from that of competing medical problems. As a result, patients and clinicians have difficulty separating the impact of treatment from the impact of co-morbidities. 
Second, because prostate cancer is a chronic disease extending over many years, death is a relatively rare event, especially when follow-up is less than 5 to 10 
years. Because modern screening efforts identify patients very early in the course of their disease, survival is not a particularly useful measure over a short amount of 
time. Finally, overall survival is a relatively crude measure and does not incorporate quality of life. As a consequence, researchers frequently turn to alternative 
outcome measures.

Cause-specific survival analysis is an analytic methodology, designed to minimize the impact of competing medical hazards and, instead, focus specifically on the 
impact of treatment on prostate cancer mortality. This technique provides researchers with better estimates of treatment efficacy and is frequently used when a 
comparison population is absent. By eliminating deaths from competing medical hazards, researchers may provide overly optimistic estimates of treatment efficacy, 
especially among older patients.

For example, a cause-specific survival analysis was recently conducted on a sample of 767 men diagnosed with prostate cancer in Connecticut during the period 
1971 to 1984 and was managed conservatively for their localized disease ( 41). Figure 13-10 shows these data stratified by Gleason score. The results suggest 
relatively good outcomes for men with Gleason 2 to 5 disease and poorer outcomes for men with Gleason scores 6 to 10 disease. Patients viewing these data might 
assume that their 15-year survival with low-grade prostate cancer is more than 80%. Figure 13-11 shows the same data displayed using a competing-risk analysis. In 
this figure, the cumulative mortality from prostate cancer for the entire cohort is presented as a dark band, whereas the cumulative mortality from competing disease 
hazards is presented as a lighter band. The percentage of men alive is shown in the white band. The corresponding cause-specific survival curve is superimposed for 
comparison. For men with relatively lethal tumors (Gleason scores 7 to 10), the results of a cause-specific analysis and a competing-risk analysis are comparable, 
especially during the first 5 years after diagnosis. For men with lower-grade disease, however, competing medical hazards pose a significantly greater threat than 
prostate cancer. Cause-specific survival analysis overstates the percentage of patients who actually die from their disease, a concept known as the case fatality rate. 
Figure 13-11 demonstrates this effect. The single black line, documenting the cause-specific survival analysis, falls significantly below the break between the dark and 
lighter bands, which documents the actual percentage of men who died from prostate cancer. This distortion increases with each year of follow-up and is more 
pronounced in older men.



FIGURE 13-10. Cause-specific survival of 767 men diagnosed with localized prostate cancer and managed conservatively, stratified by Gleason score. (From 
Albertsen PC, Hanley JA, Murphy-Setzko M. Statistical considerations when assessing outcomes after treatment for prostate cancer. J Urol 1999;162:439–444, with 
permission.)

FIGURE 13-11. Competing risk survival compared with cause-specific survival for 767 men diagnosed with localized prostate cancer and managed conservatively 
stratified by Gleason score. Cumulative mortality from prostate cancer is shown by the dark upper band; cumulative mortality from other causes is shown by the lighter 
middle band. The percentage of men surviving is shown by the lowest white band. Cause-specific survival is shown by the staircase solid line. Note that, because 
competing mortality is substantial, the complement of cause-specific survival (i.e., the portion above the solid line) overestimates the percentage of men who actually 
die of their prostate cancer. (From Albertsen PC, Hanley JA, Murphy-Setzko M. Statistical considerations when assessing outcomes after treatment for prostate 
cancer. J Urol 1999;162:439–444, with permission.)

HOW CAN PATIENTS BEST INTERPRET OUTCOMES ASSOCIATED WITH THE TREATMENT OF PROSTATE CANCER?

Many patients select their initial treatment for prostate cancer after a discussion with their physicians. Information concerning the impact of competing medical 
hazards is rarely provided. Figure 13-12 provides results from the retrospective analysis of 767 prostate cancer patients described earlier ( 42). The figure 
demonstrates that few men with Gleason scores 2 to 4 tumors, identified by prostate biopsy, had progression leading to death from prostate cancer within 15 years. A 
majority of the younger men are still alive and face a small possibility of death from prostate cancer in the future. In contrast, most older men with Gleason scores 2 to 
4 tumors identified on biopsy have died of competing medical hazards rather than prostate cancer.

FIGURE 13-12. Survival (white lower band) and cumulative mortality from prostate cancer (dark gray upper band) and other causes (light gray middle band) up to 15 
years after diagnosis, stratified by age at diagnosis and Gleason score. Percentage of men alive can be read from the left-hand scale, and percentage of men who 
have died from prostate cancer or from other causes during this interval can be read from the right-hand scale. (From Albertsen PC, Hanley JA, Gleason DF, et al. 
Competing risk analysis of men aged 55 to 74 years at diagnosis managed conservatively for clinically localized prostate cancer. JAMA 1998;280:975–980, with 
permission.)

Compared to men with well-differentiated tumors, men with Gleason score 5 and 6 tumors experienced a higher risk of death from prostate cancer when managed 
conservatively. However, more than half of the younger men who had Gleason 5 and 6 tumors are still alive after 15 years, whereas a majority of the older men have 
died from competing medical hazards.

Men with Gleason score 7, and especially those men with Gleason scores 8 to 10 tumors, experienced a very high rate of death from prostate cancer, regardless of 
their age at diagnosis. Very few of these men are still alive. Most have died from prostate cancer, except for approximately one-third of the oldest men, who died from 
competing medical hazards. By presenting the data to highlight the probability of dying from prostate cancer versus dying from other competing medical hazards, 
patients and clinicians can decide whether prostate cancer poses a significant threat to survival, and these data should help in selecting among treatment options.

SUMMARY

The diagnosis and treatment of prostate cancer poses difficult management questions. Some clinicians recommend aggressive treatment strategies, whereas others 
suggest a more conservative approach. The controversy stems in part from the absence of data from randomized clinical trials that document a net benefit of one 
treatment modality over another. From a clinician's perspective, the safest approach is to recommend an aggressive treatment, such as surgery or radiation therapy. If 
it succeeds, the clinician claims a cure; if it fails, he or she has done everything possible. For patients, however, the choice of therapy should depend on their 
assessment of the risks of disease progression versus the potential efficacy and risks associated with aggressive treatment options.

Data gathered concerning the incidence of prostate cancer and the mortality associated with this disease should provide clinicians with a better understanding of the 
burden posed by this disease from a public health perspective. Data gathered concerning the clinical outcomes associated with different treatment strategies should 
help patients select among competing treatment strategies. Only by better understanding the strengths and weaknesses of different study designs and the potential 
confounding caused by patient co-morbidities and tumor stage and grade can patients and clinicians recognize which treatments will truly provide an increase in 
longevity and quality of life.
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SCREENING FOR PROSTATE CANCER

Prostate cancer control has become a major health concern, and this issue will maintain its prominence with the overall aging of the population. Prostate cancer is the 
most commonly diagnosed cancer in men; it represents 41% of all malignant male cancers diagnosed ( 1). Prostate cancer is the second-leading cancer killer of 
American men (1). African-American men are disproportionately affected with prostate cancer, with incidence rates nearly twice that of white Americans and a 
mortality rate that is 120% higher than white Americans (Fig. 14-1) (2,3). The American man has roughly a one in nine chance of developing clinically detectable 
prostate cancer.

FIGURE 14-1. Prostate cancer: age-adjusted incidence and mortality.

The increased public awareness and interest in prostate cancer, in conjunction with the widespread use of screening tests, has “pushed” prostate cancer prevalence 
to staggering levels. The increased awareness has resulted from information in the lay press, recognition of prominent public figures who are living with or have died 
from prostate cancer, and an increasingly informed American public ( 4). Between 1985 and 1995, there was a threefold rise in the incidence of prostate cancer, with 
85,000 men and 244,000 men, respectively, diagnosed in the United States ( 5). Although heralded as a major breakthrough in cancer management by many, the 
relatively new detection modalities, leading to our increased ability to detect prostate cancer, have been a source of controversy. There are varied groups in the 
scientific and lay community who are strongly opposed to random, mass prostate cancer screening. The two issues surrounding this controversy regard the 
appropriateness of detecting asymptomatic prostate cancer and the economic cost of this technology when applied to the general public ( 6,7).

Compared to mammogram-based breast cancer screening, prostate-specific antigen (PSA)–based prostate cancer screening has a higher positive predictive value 
(PPV) and a lower direct cost. There is little dispute that screening is effective at detecting a higher percentage of earlier stage disease, but is it reasonable? The 
basis of this question is twofold. First, prostate cancer has a broad spectrum of biologic potentials, and most prostate cancers do not lead to serious morbidity or 
death. Second, there are no randomized, controlled studies demonstrating disease-specific mortality reduction from any test or procedure.

Unlike the natural history of most other cancers, which are normally more rapidly and uniformly fatal if left untreated, the natural history of prostate cancer covers a 
wide spectrum of potential biologic activity. This variance of aggressiveness has led to common descriptions of “latent” and “clinical” prostate cancers. Latent cancer 
is clinically silent, unlikely to result in any morbidity, and most commonly seen in autopsy series ( 8). Clinical cancer may progress to symptoms, morbidity, and death if 
not adequately managed in its early stage (9). The natural history of prostate cancer is poorly understood, for the prevalence of histologic (latent) disease far exceeds 
the prevalence of clinically detectable disease. Autopsy studies in men age 50 years and older, without a clinical history of prostate cancer, demonstrate a 30% 
incidence of occult disease on serial-step sections of the gland. In men aged 80 years, this prevalence rate increases to 70% ( 10). Similar findings are found in 
cystoprostatectomy specimens, removed in the management of transitional cell carcinoma of the bladder ( 11). Approximately 20% to 25% of these cancers are 
estimated to be clinically significant ( 12). Slightly fewer than 3% of men will actually die from prostate cancer. Although a number of pathologic parameters (grade, 
stage, and volume) can predict the behavior of cancers in general, most clinically detected prostate cancers are of moderate grade, and there are no accurate 
available means to predict the aggressiveness in an individual with certainty ( 13,14).

One of the arguments against screening asymptomatic men is that the advanced testing detects large numbers of men with latent, clinically indolent disease. The 
diagnosis and treatment of these men with disease, destined to remain clinically silent, would result in unnecessary high costs and physical and psychological 
morbidity (15). This concern has been supported by a few studies reporting low rates of prostate cancer–specific mortality in men diagnosed with localized prostate 
cancer treated with a watchful waiting strategy (16,17). Significant flaws were found in the studies showing low prostate cancer–specific mortality rates with an 
observation protocol. Dr. Walsh was the first to outline these flaws in the decision analysis of the benefits of treating prostate cancer ( 18). He repeated the analysis 
using data from several series of conservatively managed prostate cancer patients ( 17) and from a series of patients with clinically localized prostate cancer treated 
with brachytherapy in the same model. These decision analyses showed a marked benefit of therapy over watchful waiting ( 19,20). Other studies from Sweden have 
demonstrated a high mortality rate from clinically localized prostate cancer managed conservatively in a population-based study examining all deaths within a 
geographically defined area ( 21).

Contrary to the speculation that screening would detect large numbers of men with clinically indolent disease, large prostate cancer screening studies have shown a 
small percentage of the cancers detected to be low-stage and low-grade. In the Washington University PSA study of more than 20,000 volunteers, only 3.2% of the 
cancers detected were stage A1, and 10.5% of the cancers were stage B1 (Fig. 14-2) (22). Among men selected for radical prostatectomy, nonpalpable tumors 
detected with PSA were more predictable for advanced pathologic extent than incidental cancer after transurethral resection of the prostate (TURP). Their particular 
pathologic characteristics suggest that they include clinically significant tumors that would progress, if untreated, to palpable and, eventually, metastatic disease ( 23). 
PSA progression in men with incidental cancer has been previously demonstrated to be predicted more reliably by residual cancer on needle biopsy after TURP than 
by pathologic appearance of the tumor in the resected specimen ( 23). In view of this progressive behavior, cancer detected by PSA should be considered clinically 



significant, particularly in men with a life expectancy of at least 10 years.

FIGURE 14-2. Pathologic staging of cancers detected by screening. (From Catalona WJ, Smith DJ, Ratliff TL, et al. Detection of organ-confined prostate cancer is 
increased through prostate-specific antigen–based screening. JAMA 1993;270:948–954.)

Resolution of the prostate cancer screening controversy is pending the conclusion of several ongoing, randomized, controlled trials comparing various diagnostic and 
treatment strategies for prostate cancer (24,25). There exist suggestive data from cancer surveillance series of the National Cancer Data Base ( 26) and the National 
Cancer Institute (27), demonstrating an improved prognosis and lower mortality with screen-detected cases. Clinical highlights from the 1999 National Clinical Data 
Base report an average 1% per year decline in the annual prostate cancer death rate in the United States since 1990. The percentage of patients diagnosed with 
stage IV disease decreased from 25.3% to 21.2% over the period 1984 to 1990 ( 26). According to Feuer et al. of the National Cancer Institute ( 27), “The following 
findings are consistent with a screening effect: (a) the recent decrease since 1991 in the incidence of distant stage disease, after not having been perturbed by 
screening; (b) the decline in the incidence of earlier stage disease beginning the following year (1992); (c) the recent increases and decreases in prostate cancer 
incidence and mortality by age that appear to indicate a calendar period effect; and (d) trends in the incidence of distant stage disease by tumor grade and trends in 
the survival of patients with distant stage disease by calendar year that provide suggestive evidence of the tendency of screening to detect slower growing tumors.” 
Hence, the decline in the incidence of distant-stage disease holds the promise that testing for PSA may lead to a sustained decline in prostate cancer mortality.

Merrill and Stephenson (28) also reported on a downward trend in mortality in patients with prostate cancer detected during the PSA-screening era. In their 
assessment of the influence of PSA on mortality rates, they used the data from the Surveillance, Epidemiology, and End Results (SEER) program and found that 
cancer mortality due to prostate cancer decreased from 37% in 1988 to 30% in 1995, largely as a result of a sharp increase in non–prostate cancer mortality rates. 
The overall trend in prostate cancer mortality rates increased from 1988 to 1992 and then decreased. The increase and decrease in rates occurred across categories 
of age, race, grade, and number of cancer primaries. They concluded that PSA screening influenced the increase and decrease in prostate cancer. However, 
population data are complex, and it is difficult to confidently attribute relatively small changes in mortality to any one cause ( 29).

Historically, the clinical diagnosis of prostate cancer has been insensitive for detecting organ-confined disease. The diagnosis was usually made when a person 
presented to a urologist with voiding symptoms or an unrelated urologic problem. When diagnosed typically by digital rectal examination (DRE) findings, 
approximately 30% of patients had disseminated disease. The median duration of survival of men with this stage of disease is less than 3 years ( 30). An additional 
30% of such patients had pathologic evidence of tumor extension beyond the confines of the prostate at the time of presentation, and evidence of disease progression 
generally occurs within 10 years, irrespective of therapy ( 31,32). Therefore, only 40% of the patients will present with localized disease when the diagnosis is made 
based on “case finding” in the evaluation of symptoms. Of these, 10% have minimal cancer that is found on simple prostatectomy, and most clinicians believe that it 
does not require aggressive management (30). Therefore, without screening, fewer than one-third of all men presenting with carcinoma are suitable candidates for 
curative therapy.

It is, therefore, clear that routine clinical approaches to the identification of men with prostate cancer are woefully inadequate. Most patients present with locally 
advanced or metastatic disease, and even among those with favorable clinical parameters, cancer progression, with its long, drawn-out morbidity and negative effects 
on the quality of life, occurs all too often.

In general, the morbidity of cancer can potentially be reduced by three means: (a) reduce the risk of the disease, (b) improve the curative therapy, and (c) improve the 
early detection of significant, curable disease. Although it is speculated that diet and environmental toxins may predispose one to the disease, there are no definitive 
means to reduce the risk of developing prostate cancer. The Prostate Cancer Prevention Trial is a large, prospective 7-year study to determine whether the use of 
finasteride will lower the risk of prostate cancer. It will take several more years for this study to provide final results. The Southwest Oncology Group initiated a 
multicenter Selenium and Vitamin E Cancer Prevention Trial study that is a 12-year project to define the potential benefit of selenium and vitamin E in the reduction in 
prostate cancer incidence and aggressiveness. The second option in the battle to reduce prostate cancer–related mortality is to improve the efficacy of therapy. There 
are many options in the clinical armamentarium for managing prostate cancer in all stages. For those with localized disease, the modifications in radical prostatectomy 
and radiation therapy have lowered morbidity rates. However, there remains a controversy as to these approaches' actual rates of decreasing cancer mortality. Once 
metastasis has occurred, there are no available therapies that will provide true cure, and palliation with hormonal ablation therapy is the standard of care. If the 
disease cannot be prevented or cured in its advanced stage, then the remaining alternative is to detect it at an earlier, more curable stage. Screening is performed in 
the belief that detection of a disease in its early stages, when cure is possible, will lead to treatment that will result in less morbidity or mortality than had the disease 
gone undetected. Although there is recent heightened public awareness of prostate cancer and screening, the rationale for screening was presented by Hugh 
Hampton Young in the 1930s (33):

If patients could be examined early and if doctors would be suspicious of even small areas or nodules that are hard, many cases of cancer of the prostate 
would be brought to radical operation and cured. It behooves all elderly males to undergo occasional examination in which the prostate is carefully 
palpated.

Several medical organizations, including the American Cancer Society and the American Urologic Society, have recommended screening for prostate cancer for large 
numbers of men presenting with incurable, advanced-stage disease. The diagnosis of early-stage, organ-confined prostate cancer necessitates an examination of a 
large number of the “at-risk” population while they are asymptomatic. Screening is the “application of the testing and examination process to an entire population” of 
“apparently well” people.

Early detection is similar to screening, because its goal is also to detect and treat prostate cancer in time to reduce mortality from the disease. The difference between 
screening and early detection is that early detection targets a population considered at risk because of signs, symptoms, environmental exposure, genetic 
background, or other established risk factors. With early detection, individual patients seek out prostate programs; with screening, health initiatives are developed to 
seek out appropriate patients to be screened. The problem with prostate cancer is that the environmental and genetic risk factors are not fully defined, and there are 
no specific symptoms in early-stage disease. Both terms are used interchangeably in the literature, but their distinction from a health policy perspective is important 
economically.

The cost of screening entire populations is overwhelming. The cost of screening in the United States is projected to be $5 billion per year ( 34), and the first-year costs 
of treatment and treatment-related complications in a widespread screening program are predicted to range from $5.2 billion to $14.1 billion ( 35). In Sweden, an 
analysis suggested that the 2-year financial impact of complete (direct, indirect, and intangible costs) screening would be $131 to $174 million, a staggering amount 
for a country with only 2 million men older than the age of 40 ( 36). The psychological costs to society should be considered, both for false-positive and false-negative 
tests. The number of lives and life years saved and a measure of quality of life must mitigate the economic cost.

Because tumors are diagnosed before symptoms develop, the length of survival may seem increased due to lead-time bias ( 37). If the patient eventually dies of the 
disease without any prolongation of life, then screening provides no benefit. Similarly, length-time bias can appear to show that screening is beneficial, because it 
detects slower-growing, less aggressive tumors; the more aggressive tumors are not diagnosed through screening, for the symptoms lead patients to seek medical 
attention. The best method of evaluating the impact of a screening program is the randomized, controlled study. The best end point is cancer-specific mortality, which 



avoids both lead-time bias and length-time bias inherent in other outcome variables.

For screening to be considered useful, the disease under study must meet certain conditions:

1. The disease must be a serious health problem.
2. There should be effective treatment of the low-stage disease being studied that reduces morbidity and mortality.
3. The screening tests should be simple, quick, reproducible, inexpensive, and safe, and they should have high sensitivity and specificity.

Prostate cancer fulfills some of the conditions required of a disease that might be managed by population screening. Although prostate cancer does not meet all of 
these criteria, prostate cancer screening is an option presently available to possibly reduce the number of life years lost. There are approximately 40,000 men in the 
United States who die per year from this disease. For the properly informed patient with at least a 10-year life expectancy, it would seem that early detection efforts, 
using DRE and serum PSA determination, are beneficial. Considerable controversy abounds about early detection and screening and will continue until definitive 
proof of decreased prostate cancer mortality, as a result of effective early detection and treatment regimens, is demonstrated. Until then, all men with at least a 
10-year life expectancy should be counseled as to the potential benefits and risks.

WHO SHOULD BE SCREENED?

There are certainly some groups of men at higher risk of developing prostate cancer, and these men should be informed of their increased risk and encouraged to be 
screened for the disease. The two groups considered at high risk include African-American men and men with a family history of the disease. Prostate cancer in 
African-Americans has to be considered in the context of the broader problem of cancer, in general, in African-Americans. African-Americans are disproportionately 
affected by cancer of all kinds in terms of incidence and mortality rates ( 3). African-American men have cancer and mortality rates well above those of white men, 
whereas African-American women have incidence rates marginally below and mortality rates above those of white women. The prostate cancer incidence in 
African-Americans is twofold greater than in white Americans, and the prostate cancer mortality rate is 120% greater. One reason for the lower survival rates is a 
tendency for African-Americans to have cancer diagnosed at a more advanced stage ( 38,39 and 40). In a study of 861 consecutive cases of prostate cancer 
diagnosed at one Veterans Administration hospital in the pre–PSA-screening era, Brawn et al. ( 41) found that 52% of African-Americans and 26% of whites had stage 
D disease, and the higher rate of advanced disease in African-Americans was seen throughout a 22-year observation period. A proportional hazards (Cox) model 
showed an overall poorer survival in African-Americans as a result of staging differences ( 41). Similarly, Aziz et al. (39) showed that 55% of African-Americans versus 
23% of whites (p <.001) were first seen with stage D disease, and this resulted in a difference in median survival of 3.2 years versus 4.8 years ( p = .007), respectively. 
Similar advanced-stage results were obtained by others ( 43,44). In a retrospective review of three Radiation Therapy Oncology Group trials, Roach et al. ( 45) 
demonstrated that a significantly higher percentage of African-Americans had elevated serum acid phosphatase levels at diagnosis as compared to whites, 42% and 
21%, respectively, and this is consistent with a higher rate of advanced disease in African-Americans. The African-American–white difference in the proportion of 
metastatic cancers in other large series was 35.4% versus 22.1% from the Connecticut Tumor Registry data ( 46), 28% versus 19% from the 1974 to 1986 SEER 
program data (43), and 37.1% versus 23.0% in the American College of Surgeons' surgery of cases diagnosed in 1983 ( 44). Given these results, one can conclude 
that the stage at diagnosis is partially responsible for the disparity in survival between the two groups ( Fig. 14-3).

FIGURE 14-3. Clinical stage at initial diagnosis of prostate cancer—pre–prostate-specific antigen screening era. (Adapted from reference 41.)

Despite the greater morbidity experienced by African-Americans with prostate cancer, they have a lower rate of participation in cancer screening efforts. The reasons 
for the lower participation include a lower knowledge base regarding cancer detection and treatments, fear of the medical “research” institution, and a generally 
greater optimistic view of the risk of developing cancer and a pessimistic outlook on cancer cure. With a widespread belief among African-Americans that cancer 
would present with symptoms, urinary symptoms are a predictor for participation in prostate cancer screening among African-American men ( 47). More 
African-American men will participate in prostate cancer screening after educational seminars about the disease ( 3,48,49). Targeted efforts in public education and 
screening may be useful in promoting early detection of prostate cancer in African-American men.

The disproportion in staging may be even more pronounced when stratified by the age at diagnosis, in addition to race. Targonski et al. ( 50) showed that the 
percentage of localized disease in whites remains fairly stable, despite age at diagnosis, but African-Americans younger than age 65 have a lower rate of localized 
disease (45%) as compared to African-Americans older than the age of 75 (54%). Data from the SEER program for the period 1981 to 1985 in four areas are used to 
show a higher ratio of advanced to localized disease at various ages in African-Americans and whites ( 38). It has been suggested that African-Americans and others 
at high risk for prostate cancer be screened at the age of 40 years. The SEER prostate cancer incidence data from 1981 to 1985 revealed a cancer incidence of 16.6 
per 100,000 for African-Americans between the ages of 40 and 49; in whites in this age group, the incidence was 3.7 per 100,000 ( 38). From these data, 6,250 
African-American men of this age would need to be screened to detect one case of prostate cancer. If African-American men between the ages of 40 and 44 years 
were screened, there would be one case in 37,037 men screened. Similarly, studies at Howard University Medical Center demonstrated that only 1.2% of their 
patients were younger than 50 years ( 51). At Washington University, a study on the benefits of screening high-risk younger men is in progress. With nearly 1,000 men 
aged 40 to 49 years screened, the positive screen rate (suspicious DRE or PSA greater than 4 ng per mL, or both) in an African-American is 2.64% and 2.09% in a 
younger white individual. Family history in our small sample group appears to be insignificant in the younger whites, but a positive family history in a younger 
African-American increases the positive screen rate to 6.12%. This remains only half the screen rate in men older than 50 years.

A positive family history is one of the strongest known risk factors for prostate carcinoma, in addition to age and race. Gronberg et al. ( 52) showed that both patient 
age at the time of prostate carcinoma diagnosis and the number of men affected in the families influenced the risk of developing prostate carcinoma significantly. 
Using data from a population-based cohort study, including 5,706 sons of Swedish men who had been diagnosed with prostate carcinoma, they found that unaffected 
men in families with two or more cases of prostate carcinoma have a very high risk of developing prostate carcinoma at a young age. The cumulative risks in these 
families are 5%, 15%, and 30% by ages 60, 70, and 80 years, respectively, compared with only 0.45%, 3%, and 10%, respectively, at the same ages in the general 
population (52). These same two family-based factors were found in a similar study by Matikainen et al. ( 53) Men from prostate cancer families with an average age of 
onset of under 60 years had a significantly higher frequency of PSA positivity (28.6%, p = .01), as well as cancers (14.3%, p = .02), than those with a later age of 
onset (53).

SCREENING TESTS

Digital Rectal Examination

The DRE remains a cornerstone in the diagnosis of prostate cancer, owing to its ease, lack of cost, low risk, and contribution to detection of cancer in men with normal 
PSA levels. With its low position in the pelvis, below the bladder neck, the anatomic position of the prostate allows palpation of the posterior wall by the finger placed 
per rectum. The DRE is used to diagnose benign prostatic hyperplasia (BPH) and macroscopic prostate cancer and to evaluate its extent. However, DRE is only 
moderately sensitive in diagnosing small, early-stage prostate cancer, and it is not sensitive in detecting disease minimally extended beyond the capsule. The DRE is 
useful toward prostate cancer detection, because most cancers arise in the peripheral zone of the prostate. The test is obviously limited in that some tumors are 



microscopic, and others arise in the transitional zone within the inner aspects of the prostate and are less amenable to digital detection.

The DRE has been used for centuries and has the Latin term palpatio per anum. The use of the DRE in the diagnosis and staging of prostate cancer was accurately 
described by Marion in 1921 (54):

“Prostate cancer is generally easy to differentiate from BPH. The consistency of the prostatic mass is distinctive and, rather than elastic, hard and almost 
always irregular. The form instead of being regular rounded is frequently uneven. Finally, instead of feeling a distinctive border, one feels a continuation 
with the surrounding tissue, many times on the superior and external borders. Sometimes the mass is regular and limited but hard as wood. This is cancer. 
Sometimes one feels no mass but a simple hard nodule without precise delineation in the tissue.

“The diagnosis becomes delicate when one deals with an early cancer and is only characteristic by the feeling of a few hard nodules in a mass that has all 
the specifications of BPH. They may be BPH but are very suspicious, especially if they do not disappear by rectal massage. The diagnosis in the early 
stage of the disease is very delicate and even experienced urologists are sometimes obliged to reserve their diagnosis for a certain time.”

Although nodularity is obviously a significant finding on DRE, the classic study by Jewett ( 55) showed that only 50% of the lesions palpated by this clinical expert and 
considered suspicious were actually cancer on biopsy. In more recent studies, only 26% to 34% of men with suspicious findings on DRE have positive biopsies for 
cancer (56,57 and 58). The most widely used test for the detection of prostate cancer is also the most subjective. Differing skills among examiners, varied indication 
for the examination, selection of patients based on symptoms and age, and an increasing suspicion of subtle abnormalities have resulted in wide variability in the 
sensitivity and specificity of the DRE in cancer detection in men. Detection rates of 0.8% to 25.0% have been reported, along with PPVs of 6.3% to 50.0% 
(58,59,60,61,62,63,64,65 and 66).

In a multicenter prostate cancer screening study of 6,630 men aged 50 years or older, 15% had an abnormal DRE, and one-fifth had cancer diagnosed on sextant 
biopsy. In this study by Catalona et al. ( 67), the cancer detection rate was 3.2%, and the PPV of the DRE was 21%. This compares with other studies showing a PPV 
ranging from 22% to 39% and a detection rate for prostate cancer by DRE ranging from 0.13% to 3.20% ( 68). In a series at the University of Washington, carcinoma 
has been detected in 24 of 185 men (13%) with asymmetry as their only abnormality and 112 of 456 (24.6%) with prostatic induration. In contrast, 79 of 150 (52.7%) 
with clearly palpable nodules or areas of marked induration strongly suggestive of carcinoma actually demonstrated malignancy ( 69).

The sensitivity of the DRE in the detection of prostate cancer is low, and the results of this subjective test vary widely with the indication for the examination, selection 
of patients based on symptoms and age, and clinical experience of the examiner. Despite the shortcomings of the DRE, in terms of low sensitivity and specificity, up to 
25% of prostate cancers are still detected by DRE in men with normal PSA levels. Therefore, a suspicious DRE should be followed by a prostate ultrasound and 
biopsy, unless it is clinically inappropriate, owing to overall poor patient health ( 70). A routine annual DRE is recommended by the American Cancer Society, 
American Urological Association, and American Medical Association. In a survey conducted in the United States by the American Cancer Society, this practice was 
found to be followed by 97% of family practitioners and internists ( 71).

Prostate-Specific Antigen Testing

PSA is an organ-specific, kallikreinlike, serine protease produced by the columnar epithelial cells that line ducts of the prostate gland and periurethral glands ( 72,73). 
PSA is metabolized by the liver and has a serum half-life of approximately 2 to 3 days. Secreted into the lumen of the prostatic ducts, it is in high concentration in 
seminal fluid, in which it is involved in liquefaction of the seminal coagulum ( 74). PSA is believed to leak from the prostatic-ductal system into the prostatic stroma and 
then into the blood stream. Prostate cancer cells actually produce less PSA and PSA messenger RNA than do normal prostate epithelial cells and BPH ( 72,75,76). It 
remains unclear why there are higher PSA-serum concentrations in the setting of prostate cancer.

The combination of DRE and serum PSA has been shown to be effective for detecting early prostate cancer in various outpatient settings. PSA testing provides the 
means to detect cancer in men with normal DRE that may otherwise present as so-called incidental cancer at TURP for apparently benign disease or later in the 
course of its natural history as locally advanced or metastatic disease ( 23). Numerous studies have demonstrated PSA screening as the best single modality for the 
detection of early-stage prostate cancer.

Originally designed as a demonstration project, the American Cancer Society National Prostate Cancer Detection Project (ACS-NPCDP) was established in 1987 to 
demonstrate the feasibility of early detection of prostate cancer as a cancer-control strategy. The project was aimed at testing the efficacy variables, such as 
sensitivity, specificity, and predictive value, of several detection tools, including the unproven PSA and transrectal ultrasound (TRUS). To test the range of application 
of these emerging technologies, the project involved a multidisciplinary group of investigators from private medical practices, community hospitals, university 
hospitals, and cancer centers (77). The cancer detection rates across five annual examinations averaged 2%, with a high of 2.7% with the first examination. More than 
70% of the tumors were sensitive to detection by PSA at every annual examination. Most sensitive in the first year, by the fifth year of serial study, the DRE was 
sensitive to only 25% of the cancers detectable by other means. The results of this early detection study were compared with the outcome patterns of prostate 
cancers diagnosed via contemporary means and documented in the National Cancer Database. In this comparative review of 204 completely staged cancers of the 
ACS-NPCDP, only 8.3% of ACS-NPCDP cancers were clinically advanced (American Joint Committee on Cancer stage III or IV) at the time of diagnosis, in contrast to 
34% of comparable National Cancer Database cases ( 78). This project was one of the first to demonstrate the potential benefit of PSA testing for early detection of 
prostate cancer. However, because one-third of the men diagnosed with cancers had a PSA level less than 4 ng per mL, it also revealed one of the flaws with PSA 
screening.

At Washington University, Dr. Catalona has directed one of the largest single-institution studies with approximately 30,000 community volunteers enrolled in one of 
three screening projects. Based on the initial screen, approximately 10% of the men had a PSA greater than 4 ng per mL, and 8% to 10% had suspicious DREs. The 
PPV for detecting carcinoma ranged from 25% to 33% across the studies. More than 90% of the tumors detected showed clinicopathologic features of significant 
cancer (79).

In an evaluation of the use of the PSA, Candas et al. ( 80) also reviewed screening records of 11,817 first-screen visits and 46,751 annual follow-up visits performed 
since 1988. PSA was above 3 ng per mL in 16.6% and 15.6% of men at first and follow-up visits, respectively. Prostate cancer was found in 2.9% of men invited for 
screening at first visit and in only 0.4% of men at follow-up visits, for a 7.1-fold decrease at follow-up visits done up to 11 years. PSA alone was the basis for the 
diagnosis of 90.5% and 90.0% of the cancers detected at the first and follow-up visits, respectively; this compares to 41.1% and 25.0% of cancers detected by DRE 
alone. In their study, PSA used as a prescreening tool (followed by DRE and TRUS, when elevated) was effective in detecting 99% of cancers at a localized stage.

There have been numerous other studies supporting the ability to detect prostate cancer in earlier stages with PSA screening. In summary, studies show that 8% to 
15% of screened men aged 50 years and older will have a PSA level greater than 4 ng per mL and the PPV of an elevated PSA with the initial biopsy ranges from 
30% to 37% (22,59,67,80,81 and 82). These PPVs are higher than the mammography PPVs of approximately 20% (83). In a referral population, the PPV of an 
elevated PSA level for an ultrasound-guided biopsy of the prostate is in an even higher range of 35% to 54% ( 59,84,85). The probability of detecting prostate cancer 
at various stages is dependent on the serum PSA concentration and DRE findings ( Table 14-1).

TABLE 14-1. PATHOLOGIC STAGING: CANCER DISTRIBUTION BY PROSTATE-SPECIFIC ANTIGEN (PSA) AND DIGITAL RECTAL EXAMINATION (DRE)



The racial differences in prostate cancer incidence persist in screened populations of men. In an evaluation of 18,527 white and 949 African-American men 50 years 
of age or older screened by DRE and PSA, African-American men had a higher prevalence of elevated PSA (13.1% vs. 8.9%) and cancer (5.1% vs. 3.2%) than white 
men (86). A PSA greater than 4 ng per mL detected more cancers than the DRE. The PPV for prostate cancer of PSA and DRE was greater in African-American men 
than in white men (48% vs. 34%, and 38% vs. 22%, respectively) (82). In our screened population, the African-American men had a higher prevalence of clinically 
localized disease, but there was not a significant difference in pathologically advanced cancer among the men in both racial groups who underwent a radical 
prostatectomy (86). This dramatic improvement over the racial disparity seen in clinical cancer registry studies provides support for an optimistic outlook on a future 
resolution of the racial mortality differential.

Serial screening for prostate cancer can significantly reduce the risk of developing advanced disease. Using a cohort of data from the 77,700 volunteers in the 
Prostate Cancer Awareness Week longitudinal study, Crawford et al. ( 87) showed a dramatically lower rate of metastatic disease in men who had at least two 
negative screenings. From 1992 to 1996 in this study, more than 60% of the cancers were detected within the first year of screening, and most of the remaining 
cancers were diagnosed with the second screening. Although rare, some men were diagnosed with advanced-stage disease in years 3 and 4, presumably due to 
failure to evaluate prior abnormal tests or interim development of rapidly growing tumors between screenings. In contrast to the high rate of clinically advanced 
prostate cancer at the time of diagnosis in the pre-PSA era, in serial screening studies at Washington University, 98% of the screen-detected cancers are clinically 
localized (Fig. 14-4).

FIGURE 14-4. Clinical stage of clinically diagnosed versus screen-detected prostate cancers. (From Brawn PN, Johnson EH, Kuhl DL, et al. Stage at presentation and 
survival of white and black patients with prostate carcinoma. Cancer 1993;71:2569–2573; and Washington University PSA Screening Study, with permission.)

PSA has been found to be the single best test for detecting prostate cancer, but it is nonspecific—that is, up to three-fourths of men with an abnormal PSA may not 
have prostate cancer. Numerous factors can alter the serum PSA level and interfere with its reliability as a test for cancer. Increases in serum PSA levels are caused 
by disruption of the prostatic epithelium by any disease processes. In addition to malignancy, BPH, urinary tract infections, prostatitis, prostatic stones, and 
instrumentation of the lower urinary tract can cause increases in PSA. Manipulation of the prostate by DRE and ejaculation may lead to transient increases in the PSA 
(88). Transrectal needle biopsy can significantly increase the PSA for up to 1 month postbiopsy. These effects are usually transient and not clinically significant, 
unless the PSA is on the border of a cutoff point.

Serum PSA concentrations may also be decreased by hormonal therapies, including finasteride (a 5a-reductase inhibitor). Finasteride prevents the conversion of 
testosterone to dihydrotestosterone, and in the prostate, the dihydrotestosterone level decreases by 90%. Although the individual variation in serum-PSA reduction 
ranges from 21% to 81%, the average PSA reduction is 50%. The serum-PSA decrease occurs within 6 months of therapy with little decrease thereafter. Despite the 
reduction in the total PSA (tPSA), finasteride does not effect the total to free PSA (fPSA) ratio ( 89). Using the data from the placebo arm of the Proscar Long-Term 
Efficacy and Safety Study, it has been shown that the average PSA increases by 10% over a 4-year period in an untreated group of men with lower urinary tract 
symptoms (90). There was no evidence that treatment with finasteride hindered the diagnosis of prostate cancer, for there was no difference in the diagnosis of cancer 
between the placebo group and the treatment group, when simple prostatectomy (TURP) diagnosed cancers were excluded. Because there was a higher rate of 
BPH-related surgery in the placebo arm, there was a slightly higher rate of prostate cancer detected in the placebo arm if prostatectomy specimens were included. In 
the placebo arm, the men with prostate cancer had a greater rise in their PSA over a 4-year period compared to those without cancer with an average PSA increase of 
16% and 10%, respectively. In comparison, the men in the finasteride-treated arm had the expected average PSA reduction of 50%. In the treated arm, those with 
prostate cancer had less of a PSA reduction compared to those without evidence of prostate cancer with PSA changes of 41% and 57%, respectively. Based on this 
data from the Proscar Long-Term Efficacy and Safety Study, Andriole et al. ( 91) suggested that differential PSA response to treatment with finasteride might be used 
as an adjunct in differentiating BPH from prostate cancer in men with an elevated PSA.

Although PSA screening carries indisputable potential for the earlier diagnosis of prostate cancer, it also carries the drawback of a high rate of false-positive results. 
Because TRUS imaging does not reliably identify every small focus of cancer, effectively, every individual testing positive (PSA greater than 4 ng per mL) will require 
a TRUS-guided biopsy to rule out cancer. Approximately 15% of screened populations of men older than 50 years test PSA positive, but only 2% to 5% prove positive, 
in fact, on biopsy. Thus, between two-thirds and four-fifths of men will be worried that they may have cancer until the biopsy result is known. The psychological effects 
and sequelae of this period of anxiety are unknown, but approximately 3% of those testing false-positive and undergoing biopsy will experience significant morbidity 
from the procedure (e.g., sepsis or bleeding). Several methods called PSA derivatives have been proposed to enhance the clinical efficacy of PSA in the identification 
of patients with prostate cancer. The following are practical considerations for using PSA derivatives.

Prostate-Specific Antigen Velocity

PSA velocity (PSAV) (or slope) is defined as the change in PSA value over a period of time. It is hypothesized that PSA will rise more rapidly in men with significant 
cancers than in men with benign prostates. PSAV can be used as an absolute rate of change or as a percentage rate of change. The acceptable rate of change has 
not been determined, but Carter et al. (92,93 and 94) have suggested a value of 0.75 ng per mL per year as indicative of prostate cancer. Based on the observations 
by Schmid et al. (95) on the PSA doubling time in untreated prostate cancer, Brawer et al. ( 96,97) selected an annual percent change of 20% over the baseline as 
suspicious for cancer.

During a 13-year observation period of 9,671 patients, Ito et al. ( 98) found that 62% of patients demonstrated a PSA abnormality for more than 1 year (average, 2.8) 
before prostate cancer diagnosis. Prostate cancer that was diagnosed within 1 year after a PSA value became abnormal was not associated with bone metastasis. 
Concerning the relationship between PSAV and clinical stage, the proportion of stage B cancer was 86% in the subjects whose PSAV level before diagnosis was 0.18 
ng per mL per year or less, and it was only 29% in those with PSAV levels of 4.5 ng per mL per year or more.

Carter et al. (93,94) performed PSA testing on sera collected as part of the Baltimore Longitudinal Aging Study and reported that an annual PSA-level increase of 0.75 
ng per mL indicated men who would develop prostate cancer. This optimal annual rate of change of 0.75 ng per mL yielded a sensitivity of nearly 80% and a 
specificity of 66% for men with PSA values less than 4 ng per mL. The serum saved in the Baltimore Longitudinal Aging Study was collected over many years, and the 
assumptions made by Carter were based on PSA changes annualized over a minimum of 7 years. Pearson and Carter ( 92) demonstrated that, in men with prostatic 
carcinoma, there was a transition from a linear to an exponential phase of PSAV beginning 7.3 years before the diagnosis in men with localized disease and 9.2 years 
before the diagnosis in men with advanced-stage disease. Use of PSAV may save 10% to 30% of biopsies among men with elevated serum PSA and prior negative 
biopsy but may miss 5% to 20% of cancers (92).

Porter et al. (99) reported on a series with 1- and 2-year intervals between PSA measurements. With 1-year intervals, men with prostate carcinoma could not be 
differentiated with any PSAV parameter, including 0.75 ng per mL per year change, 20% increase, median PSAV, or median percent PSA increase per year. With the 
2-year interval PSA measurements, there remained no use of PSAV manipulation in the diagnosis of men with prostate cancer. Littrup et al. ( 100) analyzed the results 
of the ACS-NPCDP, and they found that with greater intervals between PSA determinations, PSAV could be used to separate men with and without prostate cancer. 



They determined that a PSAV of greater than 1 ng per mL per year predicted cancer, and percent change in PSA did not enhance cancer detection.

In his ongoing study of PSA screening, Brawer (96) reported a diagnosis of prostate cancer in 17% of those men whose PSA increased by more than 20% over 1 
year. Komatsu et al. (101) showed that when specimens were drawn 15 to 183 days (mean 80 days) apart, a greater than 20% increase was seen in 36.5% of men, 
and more than a 0.75 ng per mL increase in PSA was seen in 10% of patients. In the short term, the degree of biologic variation in serum PSA levels is significant with 
and without prostate disease. The use of percent change in PSA appears to be ineffective in predicting prostate cancer. An absolute PSA change of 0.75 ng per mL to 
1.00 ng per mL per year can be predictive of prostate cancer, but, owing to the variability of PSA among men with benign prostates, at least three measurements 
separated by at least 18 months are needed to reliably calculate PSAV. In view of this requirement, PSAV is not a very useful tool for the early detection of prostate 
cancer or the elimination of a large percentage of unnecessary biopsies.

Prostate-Specific Antigen Density

PSA density (PSAD) (also referred to as PSA index) is calculated by dividing the serum PSA (ng per mL) by the prostate volume. It is conjectured that PSAD adjusts 
for increases in serum PSA that occur owing to benign prostatic enlargement. Stamey et al. ( 102) first reported that prostate cancer contributes ten times more to the 
serum PSA than BPH, volume for volume. Because prostatic enlargement occurs in the transition zone and most serum PSA leak occurs from the transition zone, 
calculating a PSAD using the transition zone volume [PSA transition zone density (PSATZD)] may be more predictive of prostate cancer than using the total prostate 
volume.

There have been several reports on improved stratification between patients with BPH and prostatic carcinoma using PSAD ( 103,104). In a study of 41 men with 
prostate cancer and 20 men with BPH, Benson and colleagues (105) found the mean PSAD in those with cancer to be significantly greater than in BPH. In a larger 
study of 595 patients referred for PSA values between 4.1 and 10.0 ng per mL, Benson et al. ( 106) were unable to differentiate the patients with and without cancer by 
PSA value in this intermediate range, but there was a strongly significant difference ( p <.0001) in PSAD between those with positive and negative biopsies in this 
same group of men. The PSAD in men with, versus without, prostatic carcinoma was 0.297 and 0.208, respectively. In a similar study by Brawer et al. ( 97), PSAD was 
significantly different between those with and without cancer, but only in the men biopsied for PSA values between 4.1 and 10.0 ng per mL. In those with PSA values 
less than 4 ng per mL and greater than 10 ng per mL, PSAD was not a useful tool in differentiating benign disease from carcinoma.

In a comparative study of the various PSA derivatives, Kikuchi et al. ( 107) performed sextant biopsies on 147 men with PSA levels between 4.1 and 10.0 ng per mL. 
According to ROC curve analysis, PSATZD had the most useful validity in the differentiation between prostate carcinoma and benign prostatic enlargement. At the 
sensitivity of 90%, PSATZD would have prevented unnecessary biopsies in 68 of 117 patients who were without prostate carcinoma, whereas PSA, fPSA to tPSA 
ratio, and PSA complexed with alpha-1 antichymotrypsin (PSA-ACT) would have prevented unnecessary biopsies in 25, 28, and 25 patients, respectively. In an 
evaluation of the benefits of PSATZD and fPSA to tPSA ratio value, Horniger et al. ( 108) used an ROC curve analysis to show that by using a PSATZD of more than 
0.22 ng per mL per cc as a biopsy criterion, 24.4% of negative biopsies could be avoided. In comparison, ROC curve analyses for fPSA showed that by using percent 
fPSA (%fPSA) less than 20% as a biopsy criterion, 45.5% of negative biopsies could be eliminated. When combining these two diagnostic tests, 54.2% of negative 
biopsies could be avoided.

A PSAD value of 0.15 retains the sensitivity of the test but reduces the number of biopsies by 24% to 42%. In men with a tPSA of 4 to 10 ng per mL and a prior 
negative biopsy, the performance characteristics may be even better. Thirty-one percent of rebiopsies may be prevented, while missing 10% of prostate cancers 
(109).

A cutoff of 0.3 ng per mL for PSATZD in men with normal DRE reduced the number of biopsies by 51%, while detecting one out of eight cancers. Sensitivity and 
specificity were 88% and 57%, respectively. These studies were of referral populations, and studies of screening populations have not shown a significant benefit of 
PSATZD in the detection of prostate cancer.

Total PSAD and PSATZD are not ideal primary screening modalities, owing to the fact that they require a TRUS of the prostate (an invasive and costly procedure) for 
a more objective measurement of volume. Additionally, TRUS-calculated volumes are not precise, and this may limit the accuracy of the calculated PSA densities. The 
PSATZD is better for prostate glands with a volume of 30 cc or more. PSAD seems to be most useful in patients with an elevated PSA who have had a previous 
negative biopsy.

Age-Specific Prostate-Specific Antigen Range

Age-specific PSA reference ranges (ASRR) were established based on the rationale that, as the prostate enlarges with age, PSA levels will also increase with age, 
whether or not cancer is present. Although the incidence of prostate cancer rises markedly in men older than the age of 60 years, the assumption is that using a 
higher tPSA cut point for older men is unlikely to result in higher morbidity or mortality from the disease. The use of age-specific PSA levels also presumes that it is 
more important to diagnose prostate cancer in younger men, because a longer life expectancy places them at greater risk of disease progression, metastases, and 
death due to more “at risk” years. By raising the upper limits of normal for older men, it was hypothesized that the number of biopsies in this population would be 
reduced, while not compromising prostate cancer detection among younger men.

The original upper limit of normal, 4 ng per mL, was determined by the Hybritech Company based on analyses of levels in 860 men and women without prostate 
cancer (110). The age-specific cut points advocated were established based on the ninety-fifth percentile for PSA levels among age-stratified cohorts of men without 
prostate cancer.

In the initial studies by Oesterling ( 111), adjusting the PSA cutoff from 4.0 to 4.5 ng per mL for men in the 60- to 69-year age group would eliminate 15% of biopsies, 
while missing 3% of cancers. Of the cancers missed, 95% were considered of “little clinical significance.” Among men ages 70 to 79 years, 44% percent of biopsies 
could be prevented, but at the expense of missing 47% of cancers. In a larger review of 4,597 men with clinically localized prostate cancer, Partin and Oesterling et al. 
(112) used age-specific PSA cut points of 2.5, 3.5, 4.5, and 6.5 ng per mL for the age groups of 40 to 49, 50 to 59, 60 to 69, and 70 to 79 years, respectively. With 
these age-specific cut points, an additional 18% (74 men) of younger men (under the age of 60 years) could have been diagnosed by PSA screening. Among these 74 
additional younger men, 19% had “unfavorable pathology.” Using these reference ranges, 22% (191 of 252) of the cancers in older men would have been missed. Of 
these missed cancers, fewer than 3% were T1c, and 95% of these undetected T1c cancers were of “favorable pathologic status.” ASRR were recommended over the 
standard 4 ng per mL cut point by this group at The Johns Hopkins University, based on their finding of an increased detection of more potentially curable cancer in 
the young and decreased detection of more favorable tumors in older men.

However, several other investigators ( 113,114,115 and 116) found that disturbing numbers of clinically serious cancers and cancers of advanced stage are missed in 
older men, using similar age-specific reference ranges. The percentage of avoided biopsies was also not as significant in follow-up studies. Using ASRR in men aged 
60 to 79 years with negative DRE, Borer et al. (113) found that 73 of 1,280 (5.7%) biopsies would have been avoided, but 15 of the 73 (20.5%) men who avoided 
biopsy had cancer. In contrast to the studies by Oesterling et al., 60% (9 of 15) of the missed cancers had unfavorable histology. In similar studies of men aged 60 
years and older, the avoided biopsy rate ranged from 6% to 15%, but 12% to 30% of histologically significant cancers were missed ( 117,118,119 and 120). In these 
other studies by Dalkin (117), Crawford (118), Anderson (119), and Oesterling (120), between 60% and 71% of the cancers that went undetected using ASRR were 
considered to be of unfavorable histology.

This concept that the elderly are more likely to have clinically insignificant tumors has not been borne out; studies have shown that in the PSA range of 4 to 10 ng per 
mL, older men are more likely to have detectable prostate cancer, and the grade of the cancers might worsen with age. Sung et al. ( 121) reviewed the findings of 210 
men aged 70 years and older referred for prostate ultrasound and biopsy, and the men aged 80 years and older had higher cancer incidence, grade, and stage. The 
overall cancer detection rate was 56.8%, but the cancer rate in men aged 80 and older was 81%. These elderly men had twice the rate of poorly differentiated cancer 
than the men aged 70 to 79 years (64.7% versus 33.0%), and they also had a larger proportion of high-stage cancer. However, although the patients aged 80 years 
and older were less likely to respond well to treatment, none of the patients aged 80 years and older died of prostate cancer. Owing to these findings, age-adjusted 
PSA reference ranges seem to have limited clinical use.

In considering the use of ASRR, the racial differences in prostate cancer detection at various ages is also considered. In the study by Borer et al. ( 113), a statistically 
significantly higher cancer detection rate was found in African-Americans as compared to whites in all age groups studied. For African-American men aged 60 to 69 
years, the use of ASRR would have excluded only 1 of 309 biopsies performed over the 4.7-year study period.



Because serum PSA levels show a tendency to rise with age, a given individual screened by PSA testing will be more likely to test positive simply by virtue of being 
older. Although the incidence of prostate cancer also rises steeply with age, it is probably more important to diagnose the disease in younger men, because their 
greater life expectancy gives them more years “at risk” of developing disease progression and metastases. Although both of the above statements may be true, they 
do not justify an intent to avoid detection of potentially aggressive prostate cancer in older men. They have led to further studies regarding the potential benefits of 
using lower PSA cut points in younger men for the early detection of potentially curable and significant cancer in men under the age of 60 years.

Using a Lower Prostate-Specific Antigen Cutoff

The ideal cutoff point to define a serum PSA level as “normal” has not been determined. Currently, a PSA value of greater than 4 ng per mL is the most widely held 
standard considered normal, but recent studies have shown that up to 25% of men with prostate cancer have a PSA value of less than 4 ng per mL. Cooner and 
associates (59) reported that 52 of 263 (20%) men with prostate cancer had a normal PSA (under 4 ng per mL), and 32% of the men with cancer in a study by Brawer 
(96) had normal PSA levels. In most PSA screenings, studies that have evaluated men with serum PSA concentrations between 0 and 4 ng per mL, the cancer 
detection rate ranges from 4% to 9% with a negative DRE and 10% to 17% with a positive DRE. At Washington University, Colberg et al. ( 122) found a cancer 
detection rate of 7% among 111 men with normal DRE and serum PSA levels between 2.8 and 4.0 ng per mL. In a more recent study at Washington University, Smith 
et al. (123), on the use of a lower PSA cutoff (PSA between 2.6 and 4.0 ng per mL) in men age 50 years and older with benign DRE, showed that African-American 
men were younger (60 vs. 63 years old, p = .005) and presented with slightly higher PSA levels (3.3 vs. 3.1 ng per mL, p = .03) than white men. Consistent with most 
other screening studies with various PSA cutoffs, African-Americans had a twofold higher detection rate (13 of 29; 45%) than did white (93 of 362; 26%) men ( p = .03), 
and the overall cancer detection rate was 27%. In controlling for age, tPSA, PSAD, %fPSA, and number of prior screening visits, race remained a significant predictor 
of cancer (adjusted odds ratio, 3.4). Based on the widely differing results of these two studies at the same institution, the use of a lower PSA cutoff remains 
controversial.

Free Prostate-Specific Antigen

PSA exists in several different molecular forms in the serum and in seminal fluid. tPSA consists of all immunodetectable PSA in the serum and is comprised of 
primarily fPSA and PSA-ACT. PSA also exists complexed to alpha-2 macroglobulin (PSA-MG), to protein C inhibitor, to alpha-1 antichymotrypsin, and to 
interalpha-trypsin. Only the free form and the ACT-complexed form are measurable by currently available immunoassays ( 124). PSA-ACT is the predominant form 
(60% to 95%) of PSA in the serum, whereas 5% to 30% of the immunodetectable PSA is the free, noncomplexed form. ACT is known to react with PSA in a 1 to 1 
molar ratio, and the serum concentrations of ACT and MG (the main protease inhibitors that bind with PSA) are 10 5 to 106 times greater than the serum concentration 
of PSA (125). Why all the serum PSA is not complexed to ACT or MG remains unknown. fPSA levels are measured using monoclonal antibodies to epitope E (one of 
five major epitope sites on the PSA molecule), which remains fully exposed on the fPSA molecule but is blocked when complexed. There are also monoclonal 
antibodies that can be independently used to measure PSA-ACT and tPSA.

Stenman and associates (126) were the first to demonstrate that men with prostate cancer tend to have higher ratios of PSA-ACT to tPSA than men without prostate 
cancer. In a study of men with prostate cancer (n = 67), BPH (n = 30), and controls (n = 10), they found that the proportion of PSA-ACT to the tPSA increased with 
increasing PSA, and this same ratio was seen in the men with prostate carcinoma. In a follow-up study, Christensson et al. ( 127) confirmed the significantly higher 
PSA-ACT to tPSA ratio in prostate cancer as compared to BPH, and they also demonstrated that there is a significantly lower fPSA to tPSA ratio in cancer patients as 
compared to those with BPH (0.18 vs. 0.28, respectively; p <.0001). With this new modality, the specificity increased from 55%, using a tPSA cutoff of greater than 4 
ng per mL, to 73% using an fPSA to tPSA ratio cutoff of 0.18 ng per mL. The potential benefit of the fPSA was further confirmed by Luderer and colleagues ( 128), who 
found that 73% of the men with cancer, as compared to 29% of the men with BPH, had fPSA to tPSA ratios of less than 15% (p <.0001). They suggested that a cutoff 
ratio of 20% would increase specificity from 37% to 52%, but the sensitivity would decrease from 93% to 87%.

Catalona et al. (129) were the first to demonstrate that the fPSA level was dependent on cancer status and prostate size. In a study of 113 men aged 50 years and 
older with tPSA concentrations between 4 and 10 ng per mL, 63 men had BPH, 20 men had prostate cancer with normal-sized prostates, and 30 men had prostate 
cancer with enlarged glands. The median %fPSA in men with BPH was 19%, with cancer in the normal-sized glands being 9% and cancer in the enlarged gland being 
16%. In this initial study by Catalona et al., they suggested a cutoff of 23.4%, and this would result in a 31% increase in specificity without any compromise to 
sensitivity (greater than 90%). In men with normal-sized prostates, the cutoff could potentially be much lower.

More recent studies have evaluated larger numbers of men in the sample population. In a multicenter trial conducted at seven university medical centers ( 130), 773 
men aged 50 to 75 years with benign DRE and serum PSA levels between 4 and 10 ng per mL were evaluated in a prospective blinded study of the optimal fPSA 
cutoff. There was no difference in tPSA concentrations between the men with benign versus malignant prostates (tPSA 5.6 vs. 5.9, respectively). The %fPSA was able 
to differentiate the group of men with benign disease (mean fPSA of 18%) from those with cancer (12% mean fPSA). A fPSA to tPSA cutoff of 25% detected 95% of 
cancers while avoiding 20% of unnecessary biopsies. The few cancers associated with an fPSA greater than 25% were more often in older patients and of lower 
grade and volume. Use of a cutoff of 22% would have avoided 29% of the biopsies, but 10% of the cancer would have been missed. The lower the fPSA, the higher 
the risk of detectable carcinoma. %fPSA has an inverse correlation with tumor aggressiveness—that is, a lower %fPSA is suggestive of a more aggressive form of 
prostate cancer.

The optimal cut point for fPSA has not been determined, for this cut point is a balance between optimal sensitivity relative to specificity. This should be based on 
prostate size, DRE findings, tPSA concentration, and biopsy history. To achieve the goal of minimizing the number of benign biopsies in older men without 
compromising cancer detection in younger men, several different cut points have been suggested. A %fPSA cut point of 25% among men with tPSA values between 4 
and 10 ng per mL eliminates 34% of unnecessary biopsies in men aged 70 to 75 years, 19% in men aged 60 to 69 years, and 11% in men aged 50 to 59 years. This 
occurs at the cost of missing 2%, 6%, and 9%, respectively, in these various age groups. The 25% cutoff maintains a 95% sensitivity in African-Americans and whites 
(131). Another system recommends using a higher cut point for %fPSA in men with a tPSA of 2.5 to 4.0 ng per mL. For these men, a %fPSA cutoff of 27% led to the 
avoidance of 18% of biopsies while missing 10% of cancers.

Human Glandular Kallikrein 2

Human glandular kallikrein 2 (hK2) is related to PSA as a serine protease, and it shares approximately 80% of sequence homology. Similar to PSA, it is produced by 
the prostate columnar epithelium under the regulation of androgens. It forms complexes with alpha-l antichymotrypsin and alpha-2 macroglobulin. Preliminary studies 
suggest that the ratio of total hK2 to fPSA provides improved specificity over percentage of fPSA ( 132). In men with tPSA in the range of 2.5 to 10.0 ng per mL, hK2 
concentrations were not different between groups of men with prostate cancer and BPH. However, hK2 to fPSA ratio was a stronger predictor of prostate cancer than 
the fPSA to tPSA ratio. At 95% specificity in men with tPSA between 2.5 and 10.0 ng per mL, the hK2 to fPSA ratio identified 30% of patients who had cancer. In 
another study, Becker et al. (133,134) found that the total hK2 serum concentrations were significantly different between groups of men with BPH, localized prostate 
cancer, and advanced prostate cancer. hK2 concentrations were less than 0.05 ng per mL in all 50 healthy volunteers, and hK2 was greater than 0.05 in 28 of 54 men 
(52%) with BPH (p <.001). One hundred of 136 (74%) men with localized prostate cancer had hK2 levels greater than 0.05 ng per mL, as compared to 55 of 57 (96%) 
men with advanced malignancy (p <.0001). Becker et al. also confirmed the ability of the hK2 to fPSA ratio to differentiate the benign groups from those with cancer. 
The potential benefits of hK2 in a clinical practice are yet unproven, and further studies with larger patient populations are in progress.

SUMMARY

Prostate cancers are known to be present in approximately 30% to 40% of men older than age 60 years, but only a small proportion of cancers known to be present 
become clinically evident, and more men die with prostate cancer than of it. The risk of a 50-year-old man with a 25-year life expectancy having microscopic cancer is 
42%, having clinically evident cancer is 9.5%, and dying of prostate cancer 2.9% ( 135). In 50- to 60-year-old men, carrying out a rectal examination and PSA test will 
detect clinically suspicious areas within the prostate in approximately 5%, and approximately 10% will have an elevated PSA. Eventually, after such screening, around 
4% of men with an otherwise normal prostate will be found to have prostate cancers. A high false-negative rate of screening with the standard DRE and PSA regimen, 
leading to large numbers of unnecessary prostate biopsies, has remained a major problem with prostate cancer screening. Differing screening protocols and testing 
intervals were recommended to improve cost efficiency while maintaining detection rate. Various methods have been proposed to increase the specificity of PSA, 
including ASRR, PSAD, PSAV, and %fPSA. The use of rectal examination may increase the number of tumors found, but compliance is reduced when a DRE is a 
required part of the protocol. The use of the various PSA derivatives will reduce the number of unnecessary biopsies, but at the expense of missing some tumors.

Ross and Carter et al. (136) compared seven different PSA-screening strategies using outcome measures of numbers of prevented prostate cancer deaths, PSA 



tests, and prostate biopsies per 1,000 men aged 40 through 80 years. Compared with annual PSA testing beginning at age 50 years, the strategy of PSA testing at 
ages 40 and 45 years, followed by biannual testing beginning at age 50 years, was estimated to simultaneously reduce prostate cancer mortality and number of PSA 
tests and biopsies performed per 1,000 men. Specifically, compared with no screening, the standard strategy prevents 3.2 deaths, with an additional 10,500 PSA tests 
and 600 prostatic biopsies, whereas the earlier but less frequent strategy prevents 3.3 deaths, with an additional 7,500 PSA tests and 450 prostate biopsies. 
Strategies using lowered PSA thresholds and age-specific PSA were not more efficient than using a PSA greater than 4 ng per mL. Their conclusion was that the 
standard strategy of annual PSA screening beginning at age 50 years appears to be less effective and more resource intensive compared with a strategy that begins 
earlier but screens biennially instead of annually. In a similar study of screening strategies using a computer model, Etzioni et al. ( 137) also concluded that biennial 
PSA screening is a cost-effective alternative to annual screening for prostate cancer. They found that biennial screening with PSA greater than 4 ng per mL was 
projected to reduce the number of screens and false-positive tests by almost 50%, relative to annual screening, while retaining 93% of years of life saved.

In a multicenter study, Catalona et al. ( 138) compared several PSA derivatives for their use in cancer detection and their ability to predict pathologic stage after 
radical prostatectomy in patients with clinically localized, stage T1c cancer. This blinded, prospective study showed that %fPSA and age-specific PSA cutoffs 
enhanced PSA specificity for cancer detection, but %fPSA maintained significantly higher sensitivities. Age-specific PSA cutoffs missed 20% to 60% of cancers in 
men older than 60 years. %fPSA and PSAD performed equally well for detection (95% sensitivity), if cutoffs of 25% fPSA or 0.078 PSAD were used, respectively. The 
commonly used PSAD cutoff of 0.15 detected only 59% of cancers. %fPSA and PSAD also produced similar results for prediction of the postradical prostatectomy 
pathologic stage. Patients with cancer with higher %fPSA values (greater than 15%) or lower PSAD values (0.15 or less) tended to have less aggressive disease. 
Because %fPSA and PSAD provided comparable results, their conclusion was that %fPSA may be used in place of PSAD for biopsy decisions and in algorithms for 
prediction of less aggressive tumors, because the determination of %fPSA does not require ultrasound. Finne et al. ( 139) have suggested that the specificity of PSA 
screening might be improved using an artificial neural network (multilayer perceptron) and logistic regression models based on tPSA, the proportion of fPSA, DRE, 
and prostate volume in men with tPSA levels in the range 4 to 10 ng per mL.

Of more concern, we remain uncertain as to how effective aggressive local treatment is in altering the natural history of the disease. The effectiveness of these 
treatment modalities will continue to be confounded by inappropriate “attribution” of cause of death, the detection of men with better prognosis, distant-metastatic 
disease responsive to hormonal ablation, and changes in social factors, such as diet. Screening will identify some men with cancer who will not benefit from treatment. 
Although it is yet unproven whether screening would be followed by a reduction in morbidity and mortality, recent data suggest a screening effect has been observed 
in the United States with an increase in incidence, a decrease in men with distant metastases, and a small decrease in prostate cancer mortality. Future changes may 
incorporate molecular markers that might aid identification of men best treated aggressively, because of a risk of progression. Tests to identify genetic predisposition 
may also allow targeted screening. New treatments and early chemoprevention or dietary strategies will again shift the ground on which these arguments are being 
disputed.

CHAPTER REFERENCES

1. Boring CC, Squires TS, Tong T. Cancer statistics, 1993. CA Cancer J Clin 1993;43:7–26. 
2. Mettlin C, Jones GW, Murphy GP. Prostate cancer in blacks: an update form the American College of Surgeons patterns of care studies. J Surg Oncol 1989;40:232–236. 
3. Bullock AD, Morton RA. Prostate cancer in African-Americans. In: Lytton B, Catalona WJ, Lipshultz LI, Bloom D, eds. Advances in Urology, vol. 8. New York: Mosby–Year Book, 1995:131–156. 
4. Mokulis J, Thompson I. Screening for prostate cancer: pros, cons, and reality. Cancer Control 1995;2:15–21. 
5. Boring CC, Squires TS, Tong T. Cancer statistics, 1996. CA Cancer J Clin 1996;46:5–27. 
6. Chodak GW. Screening for prostate cancer in 1993: Is it appropriate, or not? Semin Urol 1993;11:47–49. 
7. Littrup PJ, Goodman AC, Mettlin CJ. The benefit and cost of prostate cancer early detection. CA Cancer J Clin 1993; 43:134–149. 
8. Franks LM. Latency and progression in tumors: the natural history of prostatic cancer. Lancet 1956;1:60–63. 
9. Dhom G. Epidemiologic aspects of latent and clinically manifest carcinoma of the prostate. J Cancer Res Clin Oncol 1983;106:210–218. 

10. Holund B. Latent prostate cancer in consecutive autopsy series. Scand J Urol Nephrol 1980;14:29–35. 
11. Kabalin JN, McNeal JE, Price HM, et al. Unsuspected adenocarcinoma of the prostate in patients undergoing cystoprostatectomy for other causes: incidence, histology and morphometric 

observations. J Urol 1989;141:1091–1094. 
12. Scardino PT, Weaver R, Hudson MA. Early detection of prostate cancer. Hum Pathol 1992;23:211–222. 
13. Stamey TA, Freiha FS, McNeal JE, et al. Localized prostate cancer: relationship of tumor volume to clinical significance for treatment of prostate cancer. Cancer 1993;71(Suppl 3):933–938. 
14. Aihara M, Wheeler TM, Ohori M, et al. Heterogeneity of prostate cancer in radical prostatectomy specimens. Urology 1994;43:60–66. 
15. Optenberg SA, Thompson IM. Economics of screening for carcinoma of the prostate. Urol Clin North Amer 1990;17:719–737. 
16. Johansson JE, Adami HO, Anderson SO, et al. High 10-year survival rate in patients with early untreated prostate cancer. JAMA 1992;267:2191–2196. 
17. Chodak GW, Thisted RA, Gerber GS, et al. Results of conservative management of clinically localized prostate cancer. Cancer 1993;72:310–322. 
18. Walsh PC. A decision analysis of alternative treatment strategies for clinically localized prostate cancer. J Urol 1993;150:1330–1332. 
19. Scardino PT, Beck JR, Miles BJ. Conservative management of prostate cancer. N Engl J Med 1994;330:1831. 
20. Beck JR, Kattan MY, Miles BJ. A critique of the decision analysis for clinically localized prostate cancer. J Urol 1994;152:1894–1899. 
21. Aus G. Prostate cancer: mortality and morbidity after non-curative treatment with aspects on diagnosis and treatment. Scand J Urol Nephrol 1994;167(Suppl):9–41. 
22. Catalona WJ, Smith DJ, Ratliff TL, et al. Detection of organ-confined prostate cancer is increased through prostate-specific antigen-based screening. JAMA 1993;270:948–954. 
23. Feneley MR. Does screening for prostate cancer identify clinically important disease? Ann R Coll Surg Engl 1999; 81:207–214. 
24. Gohagan JK, Prorok PC, Kramer BS, et al. Prostate cancer screening in the prostate, lung, colorectal and ovarian cancer screening trial of the National Cancer Institute. J Urol 

1994;152:1905–1909. 
25. Wilt TJ, Brawer MK. The Prostate Cancer Intervention Versus Observation Trial: a randomized trial comparing radical prostatectomy versus expectant management for the treatment of 

clinically localized prostate cancer. J Urol 1994;152:1910–1914. 
26. Fremgen AM, Bland KI, McGinnis LS, et al. Clinical highlights from the National Cancer Data Base, 1999. CA Cancer J Clin 1999;49:145–158. 
27. Feuer EJ, Merrill RM, Hankey BF. Cancer surveillance series: interpreting trends in prostate cancer II: cause of death misclassification and the recent rise and fall in prostate cancer mortality. J 

Natl Cancer Inst 1999;91:1025–1032. 
28. Merrill RM, Stephenson RA. Trends in mortality rates in patients with prostate cancer during the era of prostate specific antigen screening. J Urol 2000;163:503–510. 
29. Hankey BF, Feuer EJ, Clegg LX, et al. Cancer surveillance series: interpreting trends in prostate cancer—part I: evidence of the effects of screening in recent prostate cancer incidence, 

mortality, and survival rates. J Natl Cancer Inst 1999;91:1017–1024. 
30. Crawford ED. A controlled trial of leuprolide with and without flutamide in prostate carcinoma. N Engl J Med 1989;321:419–424. 
31. Smith J, Haynes T, Middleton R. Impact of external irradiation on local symptoms and survival free of disease in patients with pelvic lymph node metastasis from adenocarcinoma of the 

prostate. J Urol 1984;131:705–707. 
32. Menck HR, Garfinkel L, Dodd GD. Preliminary report of the National Cancer Data Base. Cancer 1991;41:7–18. 
33. Young HH. A surgeon's autobiography. New York: Harcourt Brace, 1940:131. 
34. Goluboff ET, Olsson CA. Urologists on a tight-rope: coping with a changing economy. J Urol 1994;151:1–4. 
35. Kramer BS, Brown ML, Prorok PC, et al. Prostate cancer screening: what we know and what we need to know. Ann Intern Med 1993;119:914–923. 
36. Carlsson P, Pedersen KV, Varenhorst E. Costs and benefits of early detection of prostatic cancer. Health Policy 1990;16:241–253. 
37. Love RR, Camilli AE. The value of screening. Cancer 1998;48(Suppl 2):489–494. 
38. Mebane C, Tyson G, Horm J. Current status of prostate cancer in North American black males. J Natl Med Assoc 1980;82:782–788. 
39. Aziz H, Rotman M, Thelmo W, et al. Radiation-treated carcinoma of the prostate. Am J Clin Oncol 1988;11:166–171. 
40. Myers NM, Hankey BF. Cancer patient survival experience. Bethesda, MD: National Institutes of Health, 1980: Pub. No. 80-2184. 
41. Brawn PN, Johnson EH, Kuhl DL, et al. Stage at presentation and survival of white and black patients with prostate carcinoma. Cancer 1993;71:2569–2573. 
42. Levine RL, Wilchinsky M. Adenocarcinoma of the prostate: a comparison of the disease in blacks versus whites. J Urol 1979;121:761–762. 
43. Natarajan N, Murphy GP, Mettlin C. Prostate cancer in blacks: an update from the American College of Surgeons' patterns of care studies. J Surg Oncol 1989;40:232–236. 
44. The 1987 annual cancer statistics review including cancer trends, 1950–1985. Bethesda, MD: National Cancer Institute, 1987: Pub. No. 88-2789. 
45. Roach M, Krall J, Keller JW, et al. The prognostic significance of race and survival from prostate cancer based on patients irradiated on Radiation Therapy Oncology Group protocols 

(1976–1985). Int J Radiat Oncol Biol Phys 1992;24:441–449. 
46. Polednak AP, Flannery JT. Black versus white racial differences in clinical stage at diagnosis and treatment of prostate cancer in Connecticut. Cancer 1992;70:2152–2158. 
47. Weinrich SP, Weinrich M, Mettlin C, et al. Urinary symptoms as a predictor for participation in prostate cancer screening among African-American men. Prostate 1998;37:215–222. 
48. Weinrich SP, Boyd MD, Weinrich M, et al. Increasing prostate cancer screening in African-American men with peer-educator and client-navigator interventions. J Cancer Educ 

1998;13:213–219. 
49. Barber KR, Shaw R, Folts M, et al. Differences between African-American and Caucasian men participating in a community-based prostate cancer screening program. J Community Health 

1998;23:441–451. 
50. Targonski PV, Guinan P, Phillips CW. Prostate cancer: the stage disadvantage in the black male. J Natl Med Assoc 1991;83:1094–1096. 
51. Heshmat MY, Kovi J, Rao MS, et al. Review of prostatic surgical procedures at a predominately black hospital: a 22-year study. J Natl Med Assoc 1992;84:677–680. 
52. Gronberg H, Wiklund F, Damber JE. Age specific risks of familial prostate carcinoma: a basis for screening recommendations in high risk populations. Cancer 1999;86:477–483. 
53. Matikainen MP, Schleutker J, Morsky P, et al. Detection of subclinical cancers by prostate-specific antigen screening in asymptomatic men from high-risk prostate cancer families. Clin Cancer 

Res 1999;5:1275–1279. 
54. Marion G, ed. Traite d' urologie II. Paris: Masson, 1921:1050. 
55. Jewett JJ. Significance of the palpable prostatic nodule. JAMA 1956;160:838–839. 
56. Thompson IM, Ernst JJ, Gangai MP, et al. Adenocarcinoma of the prostate: results of routine urological screening. J Urol 1984;132:690–692. 
57. Chodak GW, Keller P, Schoenberg H. Routine screening for prostate cancer using the digital rectal examination. Prog Clin Biol Res 1988;269:87–98. 
58. Lee F, Littrup PJ, Torp-Pedersen ST, et al. Prostate cancer: comparison of transrectal US and digital rectal examination for screening. Radiology 1988;168:389–394. 
59. Cooner W, Mosley R, Rutherford CJ, et al. Prostate cancer detection in a clinical urologic practice by ultrasonography, digital rectal examination and prostate specific antigen. J Urol 

1990;143:1146–1152. 
60. Chodak GW, Schoenberg HW. Progress and problems in screening for carcinoma of the prostate. World J Surg 1989;13:60–64. 
61. Faul P. [Preventive testing and rational diagnosis of prostatic neoplasms]. Med Welt 1978;29:1191–1193. 



62. Gilbertsen VA. Cancer of the prostate gland: results of early diagnosis and therapy undertaken for cure of the disease. JAMA 1976;215:81–84. 
63. Jenson CB, Shahon DB, Wangensteen OH. Evaluation of annual examinations in the detection of cancer: special reference to cancer of the gastrointestinal tract, prostate, breast and female 

reproduction tract. JAMA 1960;174:1783–1788. 
64. Reference deleted by author. 
65. Mueller EJ, Crain TW, Thompson IM, et al. An evaluation of serial digital rectal examinations in screening for prostate cancer. J Urol 1988;140:1445. 
66. Thompson IM, Rounder JB, Teaque JL, et al. Impact of routine screening for adenocarcinoma of the prostate on stage distribution. J Urol 1987;137:424. 
67. Catalona WJ, Richie JP, Ahmann FR, et al. Comparison of digital rectal examination and serum prostate specific antigen in the early detection of prostate cancer: results of a multicenter 

clinical trial of 6630 men. J Urol 1994;151: 1283–1290. 
68. Bentvelsen FM, Schroder FH. Modalities available for screening for prostate cancer. Eur J Cancer 1993;29a:804–811. 
69. Kirby RS, Christmas TJ, Brawer M. Screening for prostate cancer. In: Kirby RS, Brawer MK, Christmas TJ, eds. Prostate cancer. New York: Mosby–Year Book, 1996. 
70. Basler JW, Thompson IM. Lest we abandon digital rectal examination as a screening test for prostate cancer [editorial; comment]. J Natl Cancer Inst 1998;90:1761–1763. 
71. American Cancer Society. 1989 Survey of physicians' attitudes and practices in early cancer detection. CA Cancer J Clin 1990;40:77–80. 
72. Wang M, Valenzuela L, Murphy G, et al. Purification of a human prostate specific antigen. Invest Urol 1979;17:159–163. 
73. Lilja H. A kallikrein-like serine protease in prostatic fluid cleaves the predominant seminal vesicle protein. J Clin Invest 1985;76:1899–1903. 
74. Schelhammer P, Wright G. Biomolecular and clinical characteristics of PSA and other candidate prostate tumor markers. Urol Clin North Am 1993;20:597–606. 
75. Papsidero LD, Kuriyama M, Wang MC, et al. Prostate antigen: a marker for human prostate epithelial cells. J Natl Cancer Inst 1981;66:37–42. 
76. Qiu SD, Young CY, Bilhartz DL, et al. In situ hybridization of prostate-specific antigen mRNA in human prostate. J Urol 1990;144:1550–1556. 
77. Mettlin C, Lee F, Drago J, et al. The American Cancer Society National Prostate Cancer Detection Project: findings on the detection of early prostate cancer in 2,425 men. Cancer 

1991;67:2949–2958. 
78. Mettlin C, Murphy GP, Babaian RJ, et al. The results of a five-year early prostate cancer detection intervention. Investigators of the American Cancer Society National Prostate Cancer 

Detection Project. Cancer 1996;77:150–159. 
79. Smith DS, Humphrey PA, Catalona WJ. The early detection of prostate carcinoma with prostate specific antigen: the Washington University experience. Cancer 1997;80:1852–1856. 
80. Candas B, Cusan L, Gomez JL, et al. Evaluation of prostatic specific antigen and digital rectal examination as screening tests for prostate cancer. Prostate 2000;45:19–35. 
81. Brawer MK, Chetner MP, Beatie J, et al. Screening for prostatic carcinoma with prostate specific antigen. J Urol 1992;147:841–845. 
82. Smith DS, Bullock AD, Catalona WJ. Racial differences in operating characteristics of prostate cancer screening tests. J Urol 1997;158:1861–1865. 
83. Moskowitz M. Cost-benefit determinations in screening mammography. Cancer 1987;60:1680–1683. 
84. Rommel FM, Augusta VE, Breslin JA, et al. The use of prostate specific antigen and prostate specific antigen density in the diagnosis of prostate cancer in a community based urology practice. 

J Urol 1994;151:88–93. 
85. Brawer MK, Lange PH. PSA in the screening, staging and follow-up of early-stage prostate cancer: a review of recent developments. World J Urol 1989;7:7–11. 
86. Smith DS, Bullock AD, Catalona WJ, et al. Racial differences in a prostate cancer screening study. J Urol 1996; 156:1366–1369. 
87. Crawford ED. Prostate cancer awareness week: September 22 to 28, 1997. CA Cancer J Clin 1997;47:288–296. 
88. Yuan JJ, Coplen DE, Petros JA, et al. Effects of rectal examination, prostatic massage, ultrasonography and needle biopsy on serum prostate specific antigen levels. J Urol 1992;147:810–814. 
89. Keetch DW, Andriole GL, Ratliff TL, et al. Comparison of percent free prostate specific antigen levels in men with benign prostatic hyperplasia treated with finasteride, terazosin or watchful 

waiting. Urology 1997;50:901–905. 
90. McConnell JD, Bruskewitz R, Walsh P, et al. The effects of finasteride on the risk of acute urinary retention and the need for surgical treatment among men with benign prostatic hyperplasia. N 

Engl Med 1998;338:557–563. 
91. Andriole GL, Guess HA, Epstein JI, et al. Treatment with finasteride preserves usefulness of prostate-specific antigen in the detection of prostate cancer: results of a randomized, double-blind, 

placebo-controlled clinical trial. PLESS Study Group. Proscar Long-term Efficacy and Safety Study. Urology 1998;52:195–201. 
92. Pearson JD, Carter HB. Natural history of changes in prostate specific antigen in early stage prostate cancer. J Urol 1994;152:1743–1748. 
93. Carter HB, Morrell CH, Pearson JD, et al. Estimation of prostatic growth using serial prostate-specific antigen measurements in men with and without prostate disease. Cancer Res 

1992;52:3323–3328. 
94. Carter HB, Pearson JD, Metter EJ, et al. Longitudinal evaluation of prostate-specific antigen levels in men with and without prostate disease. JAMA 1992;267:2215–2220. 
95. Schmid HP, McNeal JE, Stamey TA. Observations on the doubling time of prostate cancer: The use of serial prostate-specific antigen in patients with untreated disease as a measure of 

increasing cancer volume. Cancer 1993;71:2031–2040. 
96. Brawer MK, Beatie J, Wener MH, et al. Screening for prostatic carcinoma with prostate specific antigen: results of the second year. J Urol 1993;150:106–109. 
97. Brawer MK. How to use prostate-specific antigen in the early detection or screening for prostatic carcinoma. CA Cancer J Clin 1995;45:148–164. 
98. Ito K, Kubota Y, Suzuki K, et al. Correlation of prostate-specific antigen before prostate cancer detection and clinicopathologic features: evaluation of mass screening populations. Urology 

2000;55:705–709. 
99. Porter JR, Hayward R, Brawer MK. The significance of short-term PSA change in men undergoing ultrasound-guided prostate biopsy. J Urol 1994;151(Suppl):293A. 

100. Littrup PJ, Kane RA, Mettlin CJ, et al. Cost-effective prostate cancer detection. Cancer 1994;74:3146–3158. 
101. Komatsu K, Wehner N, Prestigiacomo AF, et al. Variation of serum prostate specific antigen in 814 men from a screening population: Intra-individual assay variation is greater than the repeat 

assay variation. J Urol 1994;151(Suppl):401A. 
102. Stamey T, Yang N, Hay AR, et al. Prostate-specific antigen as a serum marker for adenocarcinoma of the prostate. N Engl J Med 1987;317:909–916. 
103. Habib GK, Bissas A, Neil WA, et al. Flow cytometric analysis of cellular DNA in human prostate cancer: Relationship to 5-alpha reductase activity of the tissue. Urol Res 1989;17:239. 
104. Gormley GI, Stoner E, Bruskewitz RC, et al. The effects of finasteride in men with benign prostatic hyperplasia. N Engl J Med 1992;327:1185. 
105. Benson M, Whang I, Pantuck A, et al. Prostate specific antigen density: a means of distinguishing benign prostatic hypertrophy and prostate cancer. J Urol 1992;147:815–816. 
106. Benson M, Whang I, Olsson C, et al. The use of prostate-specific antigen density to enhance the predictive value of intermediate levels of serum prostate-specific antigen. J Urol 

1992;147:817–821. 
107. Kikuchi E, Nakashima J, Ishibashi M, et al. Prostate specific antigen adjusted for transition zone volume: the most powerful method for detecting prostate carcinoma. Cancer 2000;89:842–849. 
108. Horninger W, Reissigl A, Klocker H, et al. Improvement of specificity in PSA-based screening by using PSA-transition zone density and percent free PSA in addition to total PSA levels. 

Prostate 1998;37:133–137. 
109. McMurtry J, Keetch DW, Smith DS, et al. PSA density versus PSA slope as predictors of prostate cancer in patients with initially negative prostatic biopsies. J Urol 1994;151:401A. 
110. Myrtle JF, Klimley PG, Ivor LP, et al. Clinical utility of prostate-specific antigen (PSA) in the management of prostate cancer. In: Advances in Cancer Diagnostics. San Diego: Hybritech, 1986. 
111. Oesterling JE, Jacobson SJ, Chute CG, et al. The establishment of age-specific reference ranges for prostate-specific antigen. J Urol 1993;149:510A. 
112. Partin AW, Criley SR, Subong EN, et al. Standard versus age-specific prostate specific antigen reference ranges among men with clinically localized prostate cancer: a pathological analysis. J 

Urol 1996;155:1336–1339. 
113. Borer JG, Sherman J, Solomon MC, et al. Age specific prostate specific antigen reference ranges: population specific. J Urol 1998;159:444–448. 
114. Catalona WJ, Hudson MA, Scardino PT, et al. Selection of optimal prostate specific antigen cutoffs for early detection of prostate cancer: receiver operating characteristics curves. J Urol 

1994;152:2037. 
115. Reissigl A, Pointer J, Horninger W, et al. Comparison of different prostate-specific antigen cutpoints for early detection of prostate cancer: results of a large screening study. Urology 

1995;46:662–665. 
116. Pettaway J, Brawer MK. Age specific versus 4.0 ng/mL as a PSA cutoff in the screening population: impact on cancer detection. J Urol 1995;153:465A. 
117. Dalkin BL, Ahmann FR, Kopp JB. Prostate specific antigen levels in men older than 50 years without clinical evidence of prostatic carcinoma. J Urol 1993;150:1837–1839. 
118. Crawford ED, DeAntoni EP, Stone NN, et al. Prostate cancer awareness week demonstrates continued value to early detection strategies . J Urol 1995;153:312A. 
119. Anderson JR, Strickland D, Corbin D, et al. Age specific reference ranges for serum prostate-specific antigen. Urol 1995;46:54–57. 
120. Oesterling JE, Jacobsen SJ, Chute CG, et al. Serum prostate-specific antigen in a community-based population of healthy men: establishment of age-specific reference ranges. JAMA 

1993;270:860–864. 
121. Sung JC, Kabalin JN, Terris MK. Prostate cancer detection, characterization, and clinical outcomes in men aged 70 years and older referred for transrectal ultrasound and prostate biopsies. 

Urology 2000;56:295–301. 
122. Colberg JW, Smith DS, Catalona WJ. Prevalence and pathologic extent of prostate cancer in men with prostate specific antigen levels of 2.9–4.0 ng/mL. J Urol 1993;149:507. 
123. Smith DS, Carvalhal GF, Mager DE, et al. Use of lower prostate specific antigen cutoffs for prostate cancer screening in black and white men. J Urol 1998;160:1734–1738. 
124. McCormack RT, Rittenhouse HG, Finlay JA, et al. Molecular forms of prostate-specific antigen and the human kallikrein gene family. Urology 1995;45:729–744. 
125. Christensson A, Laurell CB, Lilja H. Enzmatic activity of the prostate-specific antigen and its reactions with extracellular serine proteinase inhibitors. Eur J Biochem 1990;194: 755–763. 
126. Stenman UH, Leinonen J, Alfthan H, et al. A complex between prostate-specific antigen and alpha-1 antichymotrypsin is the major form of prostate-specific antigen in serum of patients with 

prostatic cancer: Assay of the complex improves clinical sensitivity for cancer. Cancer Res 1991;51:222–226. 
127. Christensson A, Bjork T, Bilsson O, et al. Serum prostate specific antigen complexed to alpha-1 antichymotrypsin as an indication of prostate cancer. J Urol 1993;150:100–105. 
128. Luderer AA, Chen YT, Soriano TF, et al. Measurement of the proportion of free to total prostate specific antigen in the diagnostic gray zone of total prostate-specific antigen. Urology 

1995;46:187–194. 
129. Catalona WJ, Smith DS, Wolfert RL, et al. Evaluation of percentage of free serum prostate specific antigen to improve specificity of prostate cancer screening. JAMA 1995;274:1214–1220. 
130. Catalona WJ, Partin AW, Slawin KM, et al. Use of percentage of free prostate-specific antigen to enhance differentiation of prostate cancer from benign prostatic disease: a prospective 

multicenter clinical trial. JAMA 1998;279: 1542–1547. 
131. Catalona WJ, Partin AW, Slawin KM, et al. Percentage of free PSA in black versus white men for detection and staging of prostate cancer: a prospective multicenter clinical trial. Urology 

2000;55:372–376. 
132. Partin AW, Catalona WJ, Finlay JA, et al. Use of human glandular kallikrein 2 for the detection of prostate cancer: preliminary analysis. Urology 1999;54:839–845. 
133. Becker C, Piironen T, Pettersson K, et al. Clinical value of human glandular kallikrein 2 and free and total prostate specific antigen in serum from a population of men with prostate specific 

antigen levels 3.0 ng/ml or greater. Urology 2000;55:694–699. 
134. Becker C, Piironen T, Kiviniemi J, et al. Sensitivity and specific immunodetection of human glandular kallikrein 2 in serum. Clin Chem 2000;46:198–206. 
135. Neal DE, Leung HY, Powell PH, et al. Unanswered questions in screening for prostate cancer. Eur J Cancer 2000;36:1316–1321. 
136. Ross KS, Carter HB, Pearson JD, et al. Comparative efficiency of prostate-specific antigen screening strategies for prostate cancer detection. JAMA 2000;284:1399–1405. 
137. Etzioni R, Cha R, Cowen ME. Serial prostate specific antigen screening for prostate cancer: a computer model evaluates competing strategies. J Urol 1999;162:741–748. 
138. Catalona WJ, Southwick PC, Slawin KM, et al. Comparison of percent free PSA, PSA density, and age-specific PSA cutoffs for prostate cancer detection and staging. Urology 

2000;56:255–260. 
139. Finne P, Finne R, Auvinen A, et al. Predicting the outcome of prostate biopsy in screen-positive men by a multilayer perceptron network. Urology 2000;56:418–422.



15 SERUM TUMOR MARKERS IN PROSTATE CANCER

Prostate Cancer: Principles & Practice

 15  

  

SERUM TUMOR MARKERS IN PROSTATE CANCER

DANIEL W. LIN
ROBERT L. VESSELLA

PAUL H. LANGE

Introduction
Principles of Tumor Markers
Prostate-Specific Antigen
 Prostate-Specific Antigen Immunoassays

 Prostate-Specific Antigen in Diagnosis and Screening

 Prostate-Specific Antigen in Staging

 Prostate-Specific Antigen after Radical Prostatectomy

 Prostate-Specific Antigen after Primary Radiotherapy

 Prostate-Specific Antigen after Androgen Ablation

Human Glandular Kallikrein 2
Prostate-Specific Membrane Antigen
Future Tumor Markers
Chapter References

INTRODUCTION

Serum tumor markers have a critical role in the evaluation and management of prostate cancer (CaP). One of the earliest tumor markers in oncology was acid 
phosphatase, described by Gutman and Gutman in 1938 (1). Subsequent development of methods for measuring unique acid phosphatase isoenzymes, such as 
prostatic acid phosphatase, increased the clinical use of this marker. However, for many reasons, there were too many false-positive and false-negative results, and 
the use of this marker became limited. Acid phosphatase has been all but replaced by another enzyme nearly exclusively produced by the prostate, namely 
prostate-specific antigen (PSA), which was first identified by Hara et al. ( 2) in 1971 in human seminal plasma and later described in prostate tissue in 1979 by Wang 
et al. (3). During the past 15 years, PSA has become indispensable in the management of CaP, and it is probably the best tumor marker in all of human oncology. 
Other tumor markers have recently shown promise in CaP and include prostate-specific membrane antigen, human glandular kallikrein 2 (hK2), and other more 
recently discovered novel proteins or proteases.

This chapter briefly describes (a) the principles and nomenclature of tumor markers; (b) the biology and clinical application of PSA, prostate-specific membrane 
antigen, hK2, and other markers; and (c) the future of tumor markers in CaP.

PRINCIPLES OF TUMOR MARKERS

The performance of tumor markers, in large part, is measured by the sensitivity, specificity, positive-predictive value, and negative-predictive value. Sensitivity is the 
percentage of the patients in the population being screened with the disease for whom the test is positive, whereas the specificity of a test is the percentage of 
patients in the population being screened without the disease for whom the test is negative. Ideally, the sensitivity and specificity would be very high; however, 
perhaps the most meaningful parameter in large-scale CaP tumor marker studies is the positive-predictive value—that is, the probability that the patient actually has 
the disease if the test is positive ( 4). The equations for these terms are given in Table 15-1.

TABLE 15-1. EQUATIONS FOR SENSITIVITY, SPECIFICITY, POSITIVE AND NEGATIVE PREDICTIVE VALUES, AND OVERALL ACCURACY

CaP represents a particularly challenging case in tumor marker detection because of the high prevalence of the disease (and, thus, the denominator in calculations of 
sensitivity and specificity). It has been shown in postmortem studies that the prevalence of CaP increases with age, from approximately 25% in the third decade to 
65% in the seventh decade of life ( 5). Nevertheless, most of these lesions are innocuous or so-called “autopsy cancer” and should not or cannot be detected clinically 
because they are so small. Moreover, if a tumor marker identified all CaP as soon as it developed, an undesirable situation would arise, as clearly not all these 
cancers need to be treated. Operationally, almost all studies in CaP tumor markers define patients with CaP as those who have a positive biopsy result and patients 
without the disease as those who have a negative biopsy result or who do not appear to have the disease on digital rectal examination (DRE) or serum PSA 
determination.

Although the ideal tumor marker would be produced exclusively by a specific malignancy 100% sensitive in its detection and 100% specific for that disease, other 
characteristics realistically are desirable. These other marker attributes would include fast, inexpensive, and reproducible results. Additionally, the marker's 
measurable extent or intensity would be detectable at early stages of disease and would increase linearly with tumor volume, thereby allowing for direct correlation 
with the disease course and offering prognostic information, as well as vital surveillance data. Finally, the ideal tumor marker would have a relatively short half-life, so 
that therapeutic intervention could be assessed accurately and quickly ( 6). Obviously, the ideal tumor marker is not yet available in CaP, but PSA and the other 
exciting markers are pushing the envelope toward that ideal.

PROSTATE-SPECIFIC ANTIGEN

Since its discovery, a great deal of information has been accumulated about the biology and biochemistry of PSA. It is known to be a 6-kilobase gene product of 
chromosome 19 with an overall molecular weight of 34,000 (3,7). The PSA gene and protein structure are similar to those of other kallikriens, most notably an 82% 
amino acid homology with hK2, which is a substance also preferentially located in prostate tissue ( 8). However, unlike the glandular kallikreins, which are trypsinlike 
proteases, the enzymatic activity of PSA is chymotrypsinlike, such that it slowly hydrolyzes peptide bonds behind certain tyrosines and leucine residues. Also, like 
most enzymes, it is known that PSA has a precursor form (or zymogen) whose exact identity is still unknown; hK2 has been shown in vitro to be critical in the process 
of activating proPSA to active PSA (9) (see Human Glandular Kallikrein 2).

Extensive knowledge of both the synthesis and physiologic properties of PSA has been gathered in the last decade. The PSA gene is an androgen-regulated gene, as 
evidenced by the androgen-responsive element in the promoter region ( 10). Synthesized in the epithelial cells, PSA is secreted into the lumen of prostate ducts and is 
present in high concentrations in the seminal plasma. PSA may reach the serum by diffusion from luminal cells through the epithelial basement membrane and 



prostatic stroma, in which it can pass through the capillary basement membrane or “leak” into the lymphatics or bloodstream. PSA enzymatically cleaves the major 
sperm-trapping gel proteins, semenogelin I and II and fibronectin, thereby liquifying the seminal coagulum and releasing the spermatozoa ( 11).

Histologically, early work assumed that PSA was produced exclusively by prostate tissue; however, it is now known that PSA, although predominantly in prostatic 
tissue, is also produced, albeit in small amounts, by a variety of other tissues. Immunohistochemical studies have shown that PSA is present in normal and 
hyperplastic benign prostate tissue and in primary and metastatic CaP. It appears that the concentration of PSA within the cells is greatest in the normal prostate, less 
in benign prostatic hyperplasia (BPH), and significantly reduced in CaP; also, it is apparently inversely proportional to histologic grade ( 12). PSA has also been shown 
to be produced by periurethral glands and probably other glands of cloacal origin, including residual glands in women. Additionally, PSA seems to be produced in 
certain conditions by other tissues in very small amounts, most notably in breast cancers and, recently, in breast milk ( 13). PSA in nonprostatic tissues may reflect 
end-organ responses to circulating steroids, based on the discovery of androgen-responsive elements in the PSA gene promoter regions and glandular tissues, in 
which PSA has been found (14,15). To date, production of PSA by nonprostatic sources has not been reported to interfere with its value as a serum tumor marker; 
thus, for clinical and practical purposes, PSA can be considered to be histologically exclusive to the prostate.

Like other serine proteases, serum PSA exists mostly in the complexed and inactive form; however, a smaller fraction remains in a “free” but inactivated form. The two 
major complexing proteins are alpha-2 macroglobulin and alpha-1 antichymotrypsin. Alpha-2 macroglobulin engulfs epitopes on the PSA molecule and has not been 
considered in total PSA measurements, although an assay has recently been developed to measure PSA alpha-2 macroglobulin complex ( 16). It has been speculated 
that approximately 40% of PSA is bound to alpha-2 macroglobulin. The remaining PSA is either bound to alpha-1 antichymotrypsin or exists in a free form. Given the 
higher serum concentrations of alpha-2 macroglobulin and alpha-1 antichymotrypsin (greater than 1,000 times in excess compared with PSA in serum) and the 
presence of a free or unbound PSA, it has been postulated that this free or unbound PSA may represent the zymogen or “nicked” form, or a combination of forms yet 
unidentified (17,18). Because the complex with alpha-1 antichymotrypsin still allows PSA to expose a limited number of antigenic sites, both the complexed and free 
form are measurable in commercial assays (see Prostate-Specific Antigen Immunoassays).

The clinical characteristics of PSA have also been subject of exhaustive research. The half-life of PSA in serum has been reported to be between 2.2 and 3.2 days 
(19,20), with clearance after first-order kinetics; thus, the serum concentrations of total PSA may take several weeks to return to baseline levels after certain 
procedures, such as radical prostatectomy. The definition of the normal reference range (0.1 to 4.0 ng per mL) for PSA is somewhat arbitrary, given that all healthy 
men have some detectable level of PSA in their serum. Furthermore, BPH exists to a varying degree in all aging men, and CaP is found in up to 40% of older men, 
although often unrecognized. Subsequent studies have shown that PSA may be minimally elevated (4 to 10 ng per mL) in up to 20% of patients with BPH. 
Additionally, elevated PSA levels are seen in patients with other nonmalignant pertubations of the prostate, including prostatitis, and, temporarily, in patients 
undergoing cystoscopy or needle biopsies of the prostate. It has been reported that PSA changes with ambulatory status ( 20) and also that it may temporarily change 
after ejaculation (21). Although studies have found no diurnal variation ( 22,23 and 24), there is some physiologic variation, as reported by Prestigiacomo and Stamey, 
that requires further study but is probably not more than 20% to 30% ( 25).

Prostate-Specific Antigen Immunoassays

In 1986, the U.S. Food and Drug Administration approved the first commercial immunoassay (Hybritech) for PSA as an aid in the clinical management of patients with 
CaP. Since then, dozens of other commercial and research immunoassays have been developed—initially, to total PSA, and more recently, to the free PSA 
component. The number of assays for the quantitation of PSA serum levels is by order of magnitude, greater than for any other cancer marker. The types of assays 
now available range from very highly sophisticated assay designs that are run on automated random access immunoassay systems to very simplistic assays suitable 
for the small “on-site” medical practice office.

An aspect of PSA immunoassay design that has received considerable attention in the past several years is one of standardization. Stamey and colleagues were the 
first to advocate the standardization of PSA immunoassays and, subsequently, convened scientific forums to discuss approaches and solutions ( 26,27 and 28. PSA 
immunoassay standardization was considered critical, because differences in assay design and reagents had shown that not all of the commercial immunoassays 
were reporting similar PSA values in comparison studies of patient serum. This finding was attributed, in part, to the fact that some assays were not equimolar with 
regard to quantitating accurate levels of total PSA when there existed significant variability of the free PSA component ( 29). One solution was to design future 
immunoassays using monoclonal antibody reagents, with those designs tested for equimolarity and for current immunoassays to adapt a reference standard 
consisting of 90% PSA complexed with alpha-1 antichymotrypsin, 10% free PSA, which is often referred to as the Stamey 90:10 standard (27). To the credit of all 
participants in these forums, great strides have been made by most of the manufacturers in the last 2 to 3 years in taking steps toward PSA assay standardization.

Another issue of interest has been the discussion on the use of ultrasensitive PSA assays—that is, those having the ability to accurately report total PSA levels below 
0.1 ng per mL. The first of the commercial assays with this level of performance was the Abbott IMx PSA assay ( 30), but many others have followed in recent years. It 
would not be difficult to find commercial immunoassays with significant accuracy at or approaching the 0.01 ng per mL level and research assays up to an order of 
magnitude below that level. The use of such low levels of detection is limited to the posttreatment monitoring of patients for biochemical recurrence. Data from a few 
laboratories, including our own, have repeatedly demonstrated that one can obtain 1 to 3 years of lead time in predicting a clinical recurrence by monitoring PSA 
levels with ultrasensitive assays, with detection limits below 0.01 ng per mL ( 17). However, the debate remains as to how to use this information in the management of 
the patient.

A final comment is warranted on the potential artifact of high PSA levels attributed to what is referred to as the human antimouse antibody (HAMA) effect. It is well 
recognized that in patient sera, the presence of heterophile and multispecificity antibodies has the potential to interfere with immunoassays in general ( 31,32). Over 
the past several years, we have been presented with a small number of patients who have elevated PSA levels on either diagnostic workup or during monitoring 
posttherapy of an undefined nature. In a high proportion of these undefined PSA elevations, an analysis of the patient's serum revealed a detectable level of host 
antibodies that would bind to mouse antibodies (i.e., the HAMA effect). Because many of the commercial immunoassays use a pair of mouse monoclonal antibodies 
for the detection of the antigen (e.g., PSA) in a sandwichlike design, host antibodies that are reactive to these mouse antibodies form a cross-linked “sandwich,” even 
in the absence of the antigen for which the assay is designed. Accordingly, the assay reports an elevation that is false. One manner in which this can be partly 
ascertained is to ask the reference laboratory performing the PSA test to run another marker test (e.g., carcinoembryonic antigen), using an identical assay design 
from that manufacturer. If this irrelevant marker is also elevated, the possibility of a HAMA effect should be considered, and the assay manufacturer's tech support unit 
contacted for advice. In recognition of this potential problem, some manufacturers are taking steps to block HAMA reactivity in their assays, but this practice is not 
universal. The reasons why some individuals have HAMA are often difficult to define, but we have seen this associated with farmers, pet mouse owners, and patients 
who have been involved in research clinical trials that used mouse monoclonal antibodies in vivo. However, we should emphasize that this phenomenon is rare; most 
“unexplained” PSA elevations are from “natural” causes (e.g., BPH or CaP).

Prostate-Specific Antigen in Diagnosis and Screening

Undoubtedly, PSA has made the most impact in its ability to diagnose CaP and in its use as a screening tool ( 33). As previously stated, false-positive tests are 
common in a screened population, because approximately 20% of patients with clinically localized CaP have PSA levels below 4 ng per mL within what is now 
considered the normal PSA range (34). Despite the fact that PSA is not cancer specific, the positive-predictive value for CaP in otherwise asymptomatic men is 
approximately 30%. Results have been promising using PSA alone, as well as in using PSA combined with DRE for diagnosis in screened and unscreened 
populations. More important, it would appear that more organ-confined, and presumably curable, cancers are diagnosed with either PSA alone or PSA and DRE than 
if DRE were used alone. Catalona and associates ( 35) found in their screening trials that if cancer was detected on initial screening, then the tumor was pathologically 
organ confined in approximately 65% of patients, and if it was detected on serial evaluation, then the organ-confined rates increased to 75%, which is significantly 
better than the approximately 50% or less that are organ confined when screening is performed with DRE alone. Also, most of the 25% that were not organ confined 
had only capsular penetration, and evidence would suggest that many of these are cured by surgery alone. Furthermore, evidence is mounting that cancers detected 
by these modern diagnostic techniques (i.e., PSA with or without DRE initially, and transrectal ultrasound with biopsy, if abnormal) are what would be defined as 
significant cancers, or greater than 0.5 cc, as defined by Epstein ( 36) and Stamey (37). Using this definition, reportedly 75% to 85% of tumors found in large screening 
studies are significant (38,39,).

Because of the significant number of false-positives resulting from the overlap in concentration of serum PSA between men with BPH and men with CaP, especially in 
the low abnormal range of 4 to 10 ng per mL, multiple modifications have been made to enhance the specificity of PSA testing. These modifications include 
age-specific PSA (40), race-specific PSA, PSA density (41), PSA velocity (42), transition-zone PSA density (43), and PSA isoforms (44,45). Although there have been 
multiple reports challenging the use of these modifications in their ability to perform better than PSA alone, PSA isoforms seem to have withstood many challenges 
and have particular usefulness in management of biopsy-negative patients with elevated PSA, especially in the range of 4 to 10 ng per mL. A complete discussion of 



PSA in screening and diagnosis is explored in detail in Chapter 14.

Prostate-Specific Antigen in Staging

Before the PSA era, numerous studies evaluated the efficacy of staging CaP patients for extraprostatic spread and pelvic lymph node involvement by using pedal 
lymphangiography, computed tomographic scanning, and magnetic resonance imaging. In general, these staging studies have failed to differentiate local from 
extraprostatic disease and do not detect approximately 50% of pelvic lymph node metastases ( 46) with both high false-negative and false-positive results. For this 
reason, most investigators do not recommend these studies as part of routine staging evaluations in newly diagnosed CaP.

With the advent of PSA, an additional preoperative parameter is available for staging in CaP. In CaP series, serum PSA levels have been shown to correlate well with 
increasing clinical stage, tumor volume, DNA ploidy, and pathologic stage ( 20,47,48,49 and 50). Significantly increased PSA concentrations are seen with advancing 
stage of the disease; however, there is tremendous overlap in PSA levels between stages of disease that precludes the use of PSA alone for preoperative staging. 
Several series have shown that 70% to 80% of men with serum PSA concentrations lower than 4 ng per mL have organ-confined disease, 50% of those with levels 
higher than 10 ng per mL have extracapsular extension, and most men with levels higher than 50 ng per mL have positive lymph nodes at surgery ( 51).

The reasons for the inaccuracy of PSA alone to predict stage of disease are severalfold. PSA is produced by prostate epithelial cells, as previously stated, but the 
ratio of stromal to epithelial PSA in BPH can vary by as much as threefold, thereby leading to false-positive elevations in PSA. Furthermore, the perturbations of the 
basement membrane (and, therefore, presumably of the propensity to “leak” PSA) can occur with inflammation and possibly with prostatic intraepithelial neoplasia. 
Last, in CaP, the decreasing concentration of cellular PSA with increasing grade combines with the increasing volume (and presumably increasing “leak”) to influence 
serum PSA levels in unpredictable ways (47).

Recent reports have combined PSA with other preoperative variables, such as tumor grade and clinical stage, considerably enhancing its ability to predict the 
probability of metastatic or locally advanced disease ( 49,52,53 and 54). Despite the usefulness of this combination of preoperative variables, multivariate analysis has 
shown that PSA is the strongest predictor. Probability tables and nomograms based on the parameters of preoperative clinical stage, serum PSA level, and Gleason 
grade have been generated from data on large numbers of men who have undergone radical prostatectomy. One such nomogram is illustrated in Figure 15-1. In this 
nomogram, with a preoperative serum PSA level of 4 ng per mL, there is a 73% predicted probability that the tumor will be organ confined if the clinical stage is T1, 
T2a, or T2b and the grade is low, but only a 23% probability if the grade is high or the clinical stage is T3. Similar nomograms and tables have been constructed to 
predict the probability of lymph nodal metastasis, information often used to decide whether it is worthwhile to perform a pelvic lymphadenectomy ( 55,56).

FIGURE 15-1. Predicted probability of organ-confined (OC) disease as a function of preoperative prostate-specific antigen (PSA) (ng per mL), clinical stage, and 
clinical grade. Ninety-five percent confidence intervals are included for PSA values of 4, 16, and 64 ng per mL. Low grade includes clinical grades 1 and 2. High grade 
includes clinical grades 3 and 4. (From Kleer E, Larson-Keller JJ, Zincke H, et al. Ability of preoperative serum prostate-specific antigen value to predict pathological 
stage and DNA ploidy: influence of clinical stage and tumor grade. Urology 1993;41:207–216, with permission.)

Combinations of PSA and other preoperative parameters are being used, perhaps more frequently, to provide probabilities that can be used to advise patients to 
pursue definitive treatment for their CaP (surgery vs. radiotherapy) or to pursue a “watch and wait” strategy. For example, Epstein and colleagues ( 36) defined 
insignificant disease as the presence of less than 0.5 cc of organ-confined cancer in a radical prostatectomy specimen and determined those preoperative parameters 
that best predicted this cancer. They found that the best combination of preoperative variables for predicting insignificant cancer was as follows: a PSAD lower than 
0.1, biopsies with fewer than three cores involved with cancer and no more than 50% of any one core involved, and no cores with Gleason grade greater than 4 or 5. 
In the retrospective experience of these authors, men who fulfill these preoperative criteria have a 65% chance of having insignificant cancer in the radical 
prostatectomy specimen, and those who do not meet these criteria have a 92% chance that the cancer is significant.

Prostate-Specific Antigen after Radical Prostatectomy

Theoretically, serum PSA should be undetectable after radical prostatectomy, because the curative intent of such surgery is to remove all the prostatic tissue 
(including normal, BPH, and adenocarcinoma). Therefore, men with recurrent disease, either local or systemic, will have a detectable serum PSA level. There are rare 
reports of local recurrences after radical prostatectomy with undetectable serum PSA ( 57,58), but these are so uncommon that this phenomenon is of little 
consequence.

Determination of the lower detection limit of serum PSA is still an evolving field surrounded by much controversy and complexity, as mentioned in this chapter and 
elsewhere (17). Here, it is sufficient to state that the clinical cancer detection limit for the most popular PSA assays (Hybritech Tandem-R or Abbott IMx PSA assay) is 
between 0.1 and 0.2 ng per mL. Using these detection limits, many studies have shown that a persistently elevated or rising PSA level is a reliable and almost 
invariable sign of persistent or recurrent disease after radical prostatectomy. Importantly, this sign usually occurs months to years before clinical signs of recurrence 
(59).

Clearly, the probability tables and nomograms for staging using preoperative PSA and other parameters are clinically useful, but the need for improvement is evident. 
In the diagnostic “gray” zone of 4 to 10 ng per mL, the confidence intervals are still quite wide. Additional data need to be accumulated incorporating other 
parameters, including those parameters that are already well known, such as DNA ploidy and biopsy volume of cancer. Perhaps more promising is the wealth of 
parameters newly discovered from the basic science laboratory, such as prostase ( 60), p21 (61), and angiogenesis (62). The complexity in using all of these 
parameters certainly is daunting; however, efforts are already under way on several fronts to conquer the challenges of staging CaP through artificial neural 
networking (63,64 and 65).

Most large radical prostatectomy series are now using postradical prostatectomy PSA levels as a surrogate end point for clinical outcome. In general, approximately 
25% to 40% of men will have PSA elevations after surgery (66,67 and 68). Partin and associates (69) reported a 13% and 23% progression-free likelihood at 5 and 10 
years postradical prostatectomy, respectively, when defining progression as an elevated serum PSA only. Stein and colleagues reported that the overall freedom from 
PSA relapse at 5 and 10 years was 71% and 61%, respectively (70). The Johns Hopkins data were updated, reporting on 1,997 men with a median follow-up of 5.3 
years, reporting a 15% biochemical recurrence ( 59). Moreover, approximately 30% to 50% of men with elevated PSA after radical prostatectomy have cancer in 
biopsies of the prostatic fossa, even though the DRE results are normal ( 71). This finding has led many to recommend PSA alone in follow-up after radical 
prostatectomy instead of PSA plus DRE (72,73).

The pattern of PSA elevation after radical prostatectomy, together with other pathologic parameters, has significance with regard to the site of recurrence and the rate 
of progression. Several studies have investigated the significance of a detectable serum PSA level within one year of radical prostatectomy, reporting 60% to 100% 
progression rates in this population regardless of nadir PSA levels ( 48,69,70). Usually, if the PSA level does not return to an undetectable level after surgery, then 
systemic recurrence (with or without local recurrence) is likely. Among those patients whose PSA falls to undetectable levels after surgery, the rate of rise (PSA 
velocity) or the PSA doubling time (PSADT) has clinical significance. Pound and colleagues ( 59) most recently reported on 315 men with biochemical recurrence after 
radical prostatectomy and followed them for clinical evidence of progression. They found that time to biochemical failure (fewer than 2 years vs. more than 2 years) 



after radical prostatectomy and PSADT (fewer than 10 months vs. more than 10 months) were independent parameters affecting metastasis-free survival. Men with 
rapid PSA elevations (fewer than 2 years), a Gleason score of 5 to 7, and a PSADT higher than 10 months demonstrated a 76% probability of remaining free of 
metastatic disease for 5 years after initial PSA elevation, compared to men with a shorter PSADT (fewer than 10 months) who had only a 35% chance of remaining 
free of metastatic disease for 5 years after biochemical failure. This confirms earlier work by Patel and associates ( 74), who suggested that PSADT is a useful 
predictor of the type of eventual recurrence after radical prostatectomy, reporting that shorter PSADTs (fewer than 6 months) were more indicative of distant disease 
when compared with local recurrence.

The value of adjuvant radiation therapy either immediately after radical prostatectomy or at the time of PSA recurrence cannot be definitively proven until randomized 
studies are complete; however, multiple studies have yielded preliminary data ( 75,76,77 and 78). In general, most men with elevated PSA after radical prostatectomy 
experience a decrease in their PSA levels with adjuvant radiotherapy and, in approximately 50%, the PSA levels may become undetectable. However, the durability of 
such response is usually very low and is related to the pattern of PSA relapse and site of recurrence. Men whose PSA values never reach undetectable levels 
postradical prostatectomy, or whose PSADT is very high, rarely have durable suppression and probably should not receive adjuvant radiation, whereas patients with 
slow PSADT may benefit from adjuvant radiotherapy. For example, in the Johns Hopkins series, there was a 10% response to radiation therapy (undetectable serum 
PSA for more than 2 years) for men with isolated elevations of PSA and a 29% response for those with documented local recurrence (and presumably slow PSADT) 
(69).

The significance of PSA levels after radical prostatectomy has prompted the development of more sensitive PSA assays. These assays will not only detect recurrence 
earlier, but also shorten the time to cure—that is, the time after which, if PSA remains normal, the patient can be reassured that he is cured. Indeed, several 
investigators have already shown that these more sensitive PSA assays can reveal clinically useful information ( 79,80). Of course, with increasing sensitivity often 
comes decreased specificity and the concern that elevated PSA levels could result from factors other than persistent disease, such as cross-reacting substances, very 
small normal prostate remnants, or periurethral glands that make PSA and secrete it into the urethral lumen ( 81). These issues are addressed in this chapter.

Prostate-Specific Antigen after Primary Radiotherapy

The changes in serum PSA levels during and after radiotherapy have been the subject of increasing scrutiny. During radiotherapy, PSA levels often rise, presumably 
as a result of cellular damage, inflammation, and disruption of the basement membrane with resultant release of PSA into the circulation ( 82). Zagars and associates 
(83) reported a mean increase above the baseline of 2.2 ng per mL in 82% of men during radiation therapy; however, they stated that this modest increase in PSA 
should not be misinterpreted for disease progression. Most radiotherapists do not routinely obtain PSA determinations during the course of radiation treatments.

Several studies have investigated the rate of decline in serum PSA after radiation treatments ( 84,85,86 and 87). Although the serum half-life of PSA after radical 
prostatectomy has been calculated to be approximately 2 to 3 days (20,88), it has been reported to be between 1.9 and 4.2 months by multiple groups ( 85,86 and 
87,89). Currently, the best estimate for mean PSA half-life after radiation treatments is 2 months ( 85). The factors that influence this rate of decline include pretherapy 
serum PSA value, tumor volume, volume of normal prostate, degree of differentiation, dose and delivery of therapy, and the effect of radiation dose on the testes and 
androgen production (51,85). The time to PSA nadir has been variably reported in the literature. Few studies demonstrate continued decreases in postradiation PSA 
beyond 12 months (90). The M. D. Anderson group suggested that approximately 95% of men have a significant decline in serum PSA, and, in approximately 80%, the 
PSA levels fall to normal range by 6 months (85). Stamey and colleagues (91) reported that only 8% of men continued to show decline in serum PSA after one year. 
The data from these investigations predict that serum PSA values will be undetectable in 10% to 30% of men, and they will stabilize at levels below normal in 40% to 
70% at 3 years postradiation (51).

The PSA level necessary to prove disease-free states and the definition of PSA failure after radiation therapy have been controversial subjects. A consensus meeting 
sponsored by the American Society of Therapeutic Radiation Oncology recommended that, pending further research on PSA, recurrence after radiation therapy be 
defined as three consecutive rises above the nadir level with follow-up every 6 months ( 92). An absolute nadir PSA level, although recognized as a prognostic factor, 
was not defined. PSA nadirs have been reported between 0.5 ng per mL (93,94) and not more than 4.0 ng per mL. One report from Massachusetts General Hospital 
reported that after a median of 4-year follow-up, a nadir of less than or equal to 0.5 ng per mL was associated with a 93% freedom of PSA failure, a nadir of 0.6 to 1.0 
ng per mL with 41%, and a nadir of greater than 1 ng per mL with 37% (94). Another recent report revealed similar results with respect to PSA nadir ( 95).

Given these data on PSA nadir and biochemical failure, the pretreatment PSA level becomes an important issue. Shipley and colleagues ( 95) recently reported on 
1,765 men with stage T1b, T1c, and T2 tumors in a multiinstitutional pooled analysis of biochemical failure after external beam radiation therapy alone. Estimated 
rates of freedom from PSA failure, using the current American Society of Therapeutic Radiation Oncology definition, were 81% for patients with pretreatment PSA of 
less than 10 ng per mL, 68% for 10 to 20 ng per mL, 51% for 20 to 30 ng per mL, and 31% for those greater than 30 ng per mL. The mean follow-up on these patients 
was only 5 years; extended follow-up is needed to evaluate the durability of the results. Additionally, only 44% of the men in this study reached a nadir PSA of less 
than 0.5 ng per mL, 26% reached 0.5 to 0.9 ng per mL, 17% at 1.0 to 1.9 ng per mL, and 13% greater than 2 ng per mL. Given the relative minority of patients who are 
in the pretreatment (PSA level) and posttreatment (PSA nadir) subset to derive lasting benefit from radiation monotherapy, as measured by PSA nadirs, other 
strategies are being investigated using combination and conformal therapy ( 90).

The question remains What is the source or sources of detectable PSA after radiation treatment? Presumably, sources would include radio-resistant CaPs, de novo 
growth of new tumors, BPH or normal prostates, or metastatic diseases at the time of radiation treatment. Grob et al. ( 96) performed in situ immunohistochemistry for 
PSA on biopsy specimens 12 months after radiation treatment and found that benign glands did not stain for PSA, and only glands histologically consistent with CaP 
displayed PSA staining. This finding is tempered by the rarely reported positive prostate biopsy after radiation treatment in the setting of an undetectable PSA ( 97). 
Regardless of the source of detectable PSA after radiotherapy, a rising level portends poor prognosis, as evidenced by several studies ( 98). The ultimate percentage 
of durable undetectable levels of PSA after radiotherapy is reported to be between 20% and 60%, with one study reporting, at best, 10% undetectable levels at the 
10-year follow-up (99).

Prostate-Specific Antigen after Androgen Ablation

Because the production and secretion of PSA are androgen-dependent, serum PSA levels have been used as surrogate markers for the efficacy of androgen-ablation 
therapy. Contrary to radiotherapy, which primarily affects only the dividing cell population (i.e., the CaP cells), androgen-ablation therapy is proposed to affect all the 
prostatic epithelial cells and, thus, all the PSA-producing cells. However, CaP is a heterogeneous population of androgen-dependent, as well as 
androgen-independent, cells. Consequently, a low or even undetectable PSA level does not necessarily indicate cure or significant destruction of cells ( 100).

Most studies have observed a rapid decline of serum PSA after androgen-deprivation therapy, sometimes to undetectable levels within the first 6 months of therapy 
(101,102). One study demonstrated a decrease in serum PSA levels greater than 80% within the first month after initiation of androgen ablation ( 103). In one large 
series, 55%, 32%, and 13% of patients reached their PSA nadir within 3 and 6 months and after 6 months, respectively ( 104). However, ongoing studies address how 
the degree of PSA response, absolute PSA nadir, and durability of response affect outcome.

There have been several studies investigating the prognostic value in both the slope of PSA response and nadir value in serum PSA after androgen-ablation therapy. 
Stamey and associates (101) reported that, despite the dramatic initial decrease in PSA after androgen deprivation among virtually all patients, after 2 years, only 9% 
of patients still had undetectable serum PSA levels, and 22% were within normal limits, but 72% (many of whom had excellent PSA responses during the first 6 
months) had rising PSA levels within the second 6 months of therapy. Others have shown that a PSA decline greater than 50% during the first month of therapy and 
maintenance of a normal level of PSA at 6 months or a decline to below normal levels within the first 6 months of therapy predicted a favorable response or stable 
disease versus progression among men with stage D2 CaP (101,102). Another study by Miller and colleagues ( 105) reported longer survival (mean, 42 months) if the 
nadir PSA was lower than 4 ng per mL than if the nadir did not reach 4 ng per mL (mean, 10 months). Presumably, these rises in PSA are reflective of 
androgen-insensitive CaP.

Similarly, PSA levels are now being used as response criteria for many experimental trials in hormone-refractory cancer ( 106), although the relationship between PSA 
levels and symptoms is not always linear (100). Myers and colleagues (107) at the National Cancer Institute reported that after suramin treatment, a 75% decrease 
from baseline PSA was indicative of a significantly better survival than for patients who did not have a similar decrease. Hudes and colleagues ( 108) also reported 
that declines of greater than 50% of baseline had increased survival when patients were treated with a combination of estramustine and vinblastine sulfate. More 
recently, Pienta and associates ( 109) analyzed the PSA response in 42 patients with hormone-refractory CaP undergoing chemotherapy with etoposide and 
estramustine. Seventy-five percent of patients who showed a greater than 50% decline in baseline PSA had soft tissue disease response or improved bone scans. A 
study from Memorial Sloan Kettering Cancer Center also used multivariate analysis, showing that a greater than 50% decline in PSA and the natural log of lactate 
dehydrogenase were the most significant variables that predicted survival in a data set from 110 patients enrolled in seven different treatment programs with various 



cytotoxic agents used alone or in combination ( 110) (Fig. 15-2). Although there have been other studies that do not show significant similar prognostic information 
with regards to PSA response (111), PSA is still the most clinically available tool for predicting response in patients receiving chemotherapy. Trials are under way to 
prove definitively the value of PSA as a surrogate end point for survival.

FIGURE 15-2. Overall survival for patients with greater than 50% decline in prostate-specific antigen (PSA) ( open circles) versus less than 50% decline in PSA from 
baseline. (From Kelly WK, Scher HI, Mazumdar M, et al. Prostate-specific antigen as a measure of disease outcome in metastatic hormone-refractory prostate cancer. 
J Clin Oncol 1993;11:607–615, with permission.)

HUMAN GLANDULAR KALLIKREIN 2

hK2 is a member of the human tissue kallikrien gene family, which also includes pancreatic or renal kallikrein and PSA (hK3). hK2 and PSA possess approximately 
80% homology (112) and can be found in high concentrations and almost exclusively in prostatic tissue ( 113). However, whereas PSA is generally expressed less in 
poorly differentiated prostate tumors than in well-differentiated tumors or benign tissue, hK2 appears to be expressed the highest in poorly differentiated CaP cells, 
suggesting that hK2 may be more tumor associated than PSA (113). Furthermore, both PSA and hK2 exist in different molecular forms (“pro,” “free,” and “complexed” 
forms) and contain androgen-responsive elements in their gene promoter regions ( 114).

Despite their structural similarity, PSA and hK2 differ in their proposed enzymatic function and physiologic roles. PSA has chymotrypsinlike activity, whereas hK2 has 
trypsinlike specificity. It has been found that hK2 can autoactivate by cleaving pro-hK2 to hK2 ( 115). More important, several investigators have found that hK2 
activates pro-PSA to active PSA in vitro (9,116,117). This active PSA can then be complexed to alpha-1 antichymotrypsin, alpha-2 macroglobulin, and other protease 
inhibitors. Last, hK2 has been shown to activate the zymogen form of urokinase-type plasminogen activator in vitro (9,118). Urokinase-type plasminogen activator has 
been associated with cancer aggressiveness specifically in CaP, suggesting another role of hK2 in CaP biology ( 119,120).

Several recent studies have evaluated the use of hK2 as a tumor marker for CaP separately or in combination with various forms of PSA (free vs. total). Higher hK2 to 
free PSA ratios and hK2 to total PSA ratios have also been shown in higher-grade disease ( 121,122). In one published study, hK2 was detectable in 90 patients with 
PSA levels between 4 and 10 ng per mL. The hK2 to free PSA ratio had a better specificity without loss of sensitivity for CaP than total PSA or the free PSA to total 
PSA ratio within the range of PSA 4 to 10 ng per mL, suggesting that hK2 in combination with free PSA may offer a new diagnostic means for CaP detection ( 121). 
Further studies are now under way to investigate the use of reverse transcriptase-polymerase chain reactions for hK2 in staging and prognosis ( 123,124). As new 
assays for this interesting protein become available, more large-scale clinical trials will certainly shed light on the use of hK2, the molecular forms of hK2, and various 
combinations of hK2 and PSA in early detection, staging, and monitoring of patients with CaP.

PROSTATE-SPECIFIC MEMBRANE ANTIGEN

An antibody, designated 7E11-C5.3, to the then-unknown PSMA protein was derived by Horoszewicz et al. ( 125,126) from the immunization of mice with a membrane 
preparation of the CaP cell line LNCaP. Subsequently, investigation at the messenger RNA (mRNA) level revealed that PSMA mRNA undergoes alternative splicing, 
resulting in a 266 base pair deletion near the 5' end of the molecule ( 127). This truncated form was referred to as PSMA'. Then, 9 years after generation of the 
7E11-C5.3 antibody, Carter et al. (128) identified the PSMA protein as an N-acetylated alpha-linked acidic dipeptidase. By a variety of analytic methods, there have 
been preliminary data suggesting that the PSMA protein is often associated with more aggressive disease, but clearly more studies are necessary. Several studies 
have demonstrated that the detection of PSMA mRNA by reverse transcriptase-polymerase chain reactions in the blood and lymph nodes correlates with the presence 
of putative CaP cells that have escaped the confines of the prostate ( 129,130 and 131). Unfortunately, detection of the PSMA protein in the blood as a marker for CaP 
has been a difficult task that remains under intense investigation.

FUTURE TUMOR MARKERS

Much of the recent progress in CaP research involves the identification of novel genes and their cognate proteins. One promising technology involves the use of 
complementary DNA microarrays to measure relative expression of thousands of different genes in tissue samples. These microarrays have already been widely used 
to measure gene expression in other systems (132,133). One novel serine protease, prostase, has been recently discovered after constructing prostate 
complementary DNA libraries and analysis by expressed sequence tags ( 60). Further analysis has shown that prostase is prostate specific and androgen regulated. 
Additionally, prostase shares 35% amino acid homology with PSA and 78% homology with porcine enamel matrix serine proteinase 1, an enzyme involved in the 
disruption of intracellular junctions and degradation of enamel matrix proteins. The homology between prostase and enamel matrix serine proteinase 1 is intriguing in 
view of the high propensity of prostate carcinoma to metastasize to bone ( 60).

As the molecular revolution continues to blossom, we can only expect to discover many more prostate-specific or “preferential” genes and proteins. It is likely that 
some of these will be clinically important serum markers for CaP ( 134).
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INTRODUCTION

The systematic sextant biopsy of the prostate under transrectal ultrasound (TRUS) guidance was introduced just over 10 years ago and has revolutionized our ability 
to detect prostate cancer (CaP) (1). Before transrectal systematic sampling, prostate biopsies were usually performed with a transperineal approach, using a manually 
fired 14-gauge needle under digital guidance, and were directed at palpable nodules. Transrectal biopsy approaches were later introduced, and although having a 
higher complication rate from infection than transperineal approaches, the improved accuracy in needle placement outweighed the slightly increased complication 
rate. The introduction of prostate-specific antigen (PSA) into clinical practice in the 1980s greatly enhanced our ability to detect CaP, and it quickly became evident 
that many patients with CaP only had elevations in serum PSA levels without any lesions appreciated on digital rectal examination (DRE). Many investigators then 
reported on the application of TRUS-guided biopsies in these patients (elevated PSA level and normal DRE). Many of these patients had hypoechoic lesions 
visualized by TRUS, and biopsy of these lesions demonstrated cancer in approximately one-third of the patients. The development of a spring-loaded biopsy gun, 
using 18-gauge needles in conjunction with the refinement of TRUS imaging, enabled the safe performance of transrectal systematic sampling. The superiority of this 
biopsy scheme over conventional lesion-directed biopsies is well established ( 2). In addition to cancer detection, systematic biopsy of the prostate also provides 
information pertaining to tumor grade, volume assessment, local staging of the disease, and risk of relapse after therapy. Each of these applications is reviewed.

CANCER DETECTION

As described earlier, the introduction of systematic prostate biopsy has facilitated our ability to detect CaP. Today, six biopsies are usually performed in the 
parasagittal line halfway between the lateral border and midline of the prostate on both right and left sides from the base, midgland, and apex ( Fig. 16-1). Recently, 
several investigators have questioned whether additional biopsies are warranted. It seems naïve to assume that six biopsies of the prostate are appropriate for all 
prostate sizes and configurations. Although this may be adequate sampling in some prostates, it may be inadequate in larger prostates. Several investigators have 
demonstrated that CaP detection rates are inversely proportional to prostate size. In a referral population undergoing systematic sextant biopsies, one study 
demonstrated a 23% cancer detection rate in men with prostates greater than or equal to 50 cc in size, compared to 38% in men with prostates smaller than 50 cc ( 3). 
In a large prospective study of 1,974 men with a normal DRE and TRUS and an elevated PSA who underwent systematic sextant biopsy, cancer detection rates 
incrementally decreased with incremental increases in prostate size ( 4).

FIGURE 16-1. Standard sextant biopsy scheme of the peripheral zone of the prostate in the coronal plane on right and left sides at the base ( top), midgland, and apex 
(bottom).

The majority of CaPs originates in the peripheral zone (PZ) of the prostate, and most biopsy schemes focus on sampling this area ( 5). Recently, interest has grown in 
exploring schemas using additional biopsy approaches. In general, studies on new biopsy schemes have used one of two approaches: (a) prospective evaluations of 
different biopsy schemes on referral-based populations and (b) computer modeling of biopsy schemes. Each of these approaches is now reviewed.

Prospectively Evaluated Schemes

Since 1997, several investigators have prospectively evaluated new systematic biopsy regimens in referral-based populations. One group studied a five-region 
technique of systematic biopsy in a series of 119 patients ( 6). The five regions included the standard sextant biopsy regimen obtained halfway between the lateral 
border and midline of the prostate on both right and left sides (regions 2 and 4) but, in addition, obtained two biopsies from each lateral aspect of the prostate (regions 
1 and 5) and three biopsies from the midline at the apex, midgland, and base (region 3). Of the 119 patients, 48 (40%) had cancer on the biopsy, of which 17 (35% of 
cancers detected) were only detected in regions 1, 3, and 5. Of note, only two cancers were detected by the three centrally placed biopsies of region 3. With respect 
to complications, these investigators reported an 80% incidence of gross hematuria, which they attributed to the region 3 biopsies that probably penetrated the urethra 
(Table 16-1).

TABLE 16-1. DETECTION RATES IN SEVERAL BIOPSY SERIES



Another group prospectively evaluated an eight- or ten-biopsy regimen, depending on gland size, in 512 patients ( 7). In this protocol, all patients underwent eight 
biopsies of the PZ, four from each lobe at the apex, midgland, base, and lateral midgland. When prostate length exceeded 4 cm, two additional biopsies were 
obtained from the transition zone (TZ). When comparing the standard sextant biopsy regimen with the extended biopsy regimen, overall cancer detection rates 
increased from 85% to 97%. If lesion-directed biopsies had been added to the standard sextant biopsy regimen, then cancer detection rates would have increased to 
93% (Table 16-1).

Another approach taken by one group has been to investigate the use of performing two consecutive sets of sextant biopsies of the prostate in a single office visit in 
137 consecutive patients in a referral-based population ( 8). A total of 43 cancers were detected in the entire study population (31% cancer detection rate). Using the 
first sextant biopsy set as the reference set, 30 cancers were detected (70% of all cancers), so the second biopsy set increased the detection rate by 30%. However, if 
the second biopsy set had been used as the reference, then 40 cancers were detected (93% of all cancers), whereas the first biopsy set would have only increased 
the detection rate by 7%. The benefit of this type of approach needs further study, with a larger patient cohort, as sextant sampling, presumably from similar locations, 
resulted in wide variation in detection rates (70% vs. 93%).

Because the majority of carcinomas arises in the PZ, it seemed logical to us that systematic biopsies should focus on better sampling this zone. Stamey had 
suggested moving the standard sextant biopsies more laterally to better sample the anterior extension of the PZ ( Fig. 16-2) (9). The work of Eskew et al. (6) and 
Norberg et al. (7), as well as the report by Dr. Stamey, prompted us to prospectively evaluate the use of adding four lateral biopsies of the PZ to the routine sextant 
biopsy regimen (Fig. 16-3). Two hundred and seventy-three consecutive patients referred for an abnormal DRE or with PSA greater than or equal to 4 ng per mL, or 
both, underwent TRUS and systematic biopsies along with lesion-directed biopsies ( 10). Sextant biopsies were obtained in the midlobar parasagittal plane, halfway 
between the lateral edge and midline of the prostate gland, at the base, midgland, and apex. The lateral PZ biopsies were performed by positioning the probe just 
medial to the lateral edge of the prostate. The lateral PZ biopsies were obtained at the midgland and base only as apical biopsies are, in fact, lateral as the prostate 
narrows in this area. Forty-four percent (121 of 273) of the patients had cancer on biopsy. Although the routine sextant biopsies detected 82% of the cancers, 77% (17 
of 22) of the missed cancers were detected by the lateral PZ biopsies. Lateral PZ biopsies increased cancer detection rates by 14% ( Table 16-1). In the subset of the 
147 patients with lesions on TRUS imaging, cancer was found in 50% (74 of 147); routine sextant biopsies detected 76% (56 of 74) of the cancers, whereas the lateral 
PZ biopsies detected 80% (59 of 74). This finding is striking when considering that this comparison is between a four-biopsy regimen (lateral biopsy) and a six-biopsy 
regimen (sextant biopsy). Fifteen of these 74 patients (20%) had positive lateral PZ biopsies with negative sextant biopsies. Lesion-directed biopsies uniquely 
identified only one cancer. Our conclusions from this study were that the performance of ten biopsies of the PZ increased cancer detection rates by 14% and nearly 
eliminated the need for lesion-directed biopsies, thus minimizing the operator dependence of the TRUS examination.

FIGURE 16-2. Transverse diagram of the prostate demonstrating the needle trajectory in the standard midlobar plane and in the laterally directed plane. Notice that 
the laterally directed biopsy actually samples more peripheral zone (PZ) than the midlobar biopsy, which also samples some transition zone (TZ).

FIGURE 16-3. Ten-biopsy scheme of the peripheral zone of the prostate in the coronal plane using the standard sextant scheme ( closed circles) and additional 
biopsies obtained from the lateral aspect of the peripheral zone at the base and midgland ( open circles).

Recently, we have begun investigating the use of each of the specific biopsy sites in our ten-biopsy scheme of the PZ ( 11). Preliminary analysis of 483 patients from 
our referral-based population revealed cancer in 42%. Traditional sextant biopsies missed 20% of the cancers. In evaluating our ten-biopsy scheme of the PZ, the 
least efficient location for the systematic biopsies was the midlobar base biopsy. Eliminating these midlobar base biopsies from the systematic ten-biopsy regimen 
and, thus, converting it to an eight-biopsy regimen would have only minimally decreased the detection rate of this regimen (96% to 95%). This eight-biopsy scheme 
maintained a detection rate of 95% when stratified for DRE result (abnormal vs. normal) and PSA level (less than or equal to 10 ng per mL vs. greater than 10 ng per 
mL). The two most efficient six-biopsy regimens were the apex, midlobar midgland, and lateral base regimen, and the apex, lateral midgland, and lateral base 
regimen. Both resulted in an 88% detection rate. When controlling for prostate size, these detection rates were lower for prostates larger than 50 cc in size (76% and 
80%, respectively). We also observed that the detection rate of the laterally directed sextant regimen (apex, lateral midgland, and lateral base) was superior to the 
detection rate of the standard midlobar sextant regimen [89% vs. 80%, p= .027 (McNemar's test)]. Explanations for the increased yield from laterally directed PZ 
biopsies might include (a)laterally directed biopsies might more extensively sample the PZ ( Fig. 16-2), or (b) CaP may more commonly reside in the lateral aspect of 
the PZ. Our conclusions from this study were that six systematic biopsies of the PZ were inadequate. A minimum of eight systematic biopsies of the PZ including the 
apex, midlobar midgland, lateral midgland, and lateral base should be performed routinely.

Approximately 25% to 30% of CaPs originate in the TZ of the prostate ( 12). Appropriate indications for TZ biopsies remain an area of debate. One retrospective series 
demonstrated a low unique cancer detection rate in TZ biopsies when performed in all patients (TZ biopsy only site of positive biopsy in 2% of patients with cancer) 
(13). A prospective evaluation of the performance of two TZ biopsies in all patients was performed by one group and demonstrated a low unique cancer detection rate 
for the TZ biopsies. For all patients, TZ biopsies were the only positive site in 2.9% (8 of 279) of cancers, and, if considering only patients with a normal DRE, then TZ 
biopsies were the unique site of cancer in 4.1% (6 of 145) of cancers ( 14). As the prostate enlarges, preferential zonal growth tends to occur in the TZ. We thus 
believed it important to control for prostate size in determining the need for TZ biopsies. Recently, we prospectively evaluated 213 consecutive patients from a 
referral-based population who had calculated prostate sizes larger than 50 cc ( 15). All patients underwent the conventional sextant biopsies of the PZ and, in addition, 
underwent additional sextant biopsies of the TZ for a total of 12 biopsies. The PZ biopsy specimens were obtained in the parasagittal plane midway between the 
lateral border and the midline of the gland. Three specimens were obtained from each lobe at the apex, midportion, and base of the gland. The TZ biopsies were 
obtained just lateral to midline, and the needles were advanced into the gland to approximately 1.5 cm from the anterior capsule before firing the gun to minimize 
sampling of the PZ. Three cores were obtained from each side at the apex, midportion, and base of the prostate. Fifty-five cases of carcinoma were found for a 26% 
detection rate. The TZ biopsies detected cancer in 30 of the 55 patients (55%), compared to the 47 patients detected by the PZ biopsies (85%). Only seven cancers 
(13% of cancers) were detected by the additional TZ biopsies. Subsequently, an additional prospective evaluation of TZ biopsies has been reported ( 16). This study 
obtained two biopsies of the TZ and did not control for prostate size. Seven of 151 (5%) of the cancers were only detected by the TZ biopsies. Results were stratified 



for race; however, no racial differences were observed in the yield of TZ biopsies.

Most investigators agree that TZ biopsies are indicated in patients with a high suspicion of CaP who have had negative prior systematic biopsies. One retrospective 
series demonstrated that in this scenario, 19% (9 of 47) of patients with cancer demonstrated cancer only in the TZ biopsies ( 17). Other investigators have 
retrospectively demonstrated similar detection rates in this population, specifically 14% (8 of 58) of patients with cancer in one series and 10% (2 of 19) of patients 
with cancer in another series (18,19).

Computer Modeling Schemes

Several investigators have used computer simulations and modeling to better refine systematic biopsy schemes of the prostate. One approach uses step-sectioned 
radical prostatectomy specimens. Data are obtained from well-mapped specimens, including total prostate volume measurements, as well as total tumor volume 
measurements. Computer-generated prostate models with varying tumor sizes are then created, and systematic sampling is then simulated. Different biopsy schemes 
can be tested to determine their efficiency for cancer detection. One study demonstrated that systematic sextant biopsies could miss cancers as large as 6 cc ( 20). 
Limitations of simulated models, as described here, include the fact that tumors must typically be simulated as spheres within the prostate, and the differential zonal 
incidence of carcinoma is often neglected. Additionally, as most data for these models are derived from radical prostatectomy specimens, the means of cancer 
detection that resulted in a patient's undergoing surgery must be acknowledged. In the study mentioned previously, cancers were detected by a lesion-directed 
approach alone. Such models may not be useful in refining cancer detection schemes for T1c lesions. If sextant sampling was used to detect the cancers in a given 
radical prostatectomy series used to construct a computer model, then the applicability of these models in studying novel biopsy regimens using sites outside the 
traditional sextant regions is unknown. Despite this possible limitation, a recent computer model has demonstrated the use of altering the standard systematic sextant 
biopsy by directing the biopsy needles into the more lateral aspect of the PZ ( 21). Cancer detection rates increased by 23% with this simple manipulation. Additional 
biopsies resulted in only a modest increase in cancer detection rates ( Table 16-1). Another computer model has also demonstrated increasing cancer detection rates 
by increasing the number of systematic biopsies; however, reported detection rates demonstrate significant variations between series ( Table 16-1) (22).

Another computer-assisted approach involved the retrospective review of 156 consecutive patients diagnosed with T1c CaP ( 23). In this model, a computer randomly 
deleted one of the biopsies from the right and left lobes and then evaluated the number of cancers that would have been missed if only four biopsies had been 
obtained. This model demonstrated that between 4% and 19% of the cancers would have been missed if only four, rather than six, biopsies were performed. One 
confounding issue, which the authors point out, is that if a four-biopsy regimen were used, then the four sites would most likely not correspond to four of the six sites 
from the sextant regimen. However, this model also seems to support the concept that the clinically positive biopsy rate may depend, in part, on the extent of gland 
sampling.

Recently, one group attempted to define the number of biopsies required for a given prostate size and patient age to detect a clinically significant cancer ( 24). This 
complex computer model gives consideration to tumor and host factors, including an estimate of tumor doubling time of 4 years, and assumes that a tumor volume of 
20 cc results in the death of the host. Other assumptions of this model include a spherical tumor size and a random distribution of the tumor throughout the entire 
volume of the prostate. This model demonstrated that, for a given age of patient, the number of biopsies required increases with increasing prostate size. A 
55-year-old man with a 20-, 30-, or 40-cc prostate was recommended to undergo 10, 15, and 20 biopsies, respectively. A 60-year-old man with comparable prostate 
sizes was recommended to undergo 7, 10, and 13 biopsies, respectively. As described previously, this model makes several assumptions; however, the introduction 
of host factors (age related to life expectancy) is novel.

Further work is needed to define the optimal systematic biopsy strategy. Six biopsies are probably not adequate for most prostates. The number and position of 
systematic biopsies would most likely vary with prostate size, configuration, and PSA levels. Sampling error would be greatest in large prostates or in the presence of 
small tumors. If only a limited number of biopsies were obtained in these two scenarios, then false-negative results might be obtained. Other variables that might need 
to be considered include race and family history. It is possible that cancers in patients with a genetic predisposition may have different biopsy needs (perhaps from a 
higher rate of multifocality) than those without significant risk factors.

TUMOR GRADE ESTIMATES

Accurate determination of tumor grade significantly contributes to the management of CaP patients. As noted earlier for cancer detection, needle biopsy of the 
prostate represents a sampling of the gland, and accurate prediction of tumor grade within the prostate may be hindered by sampling error. In general, in several 
series correlating tumor grade on the biopsy with the grade of tumor in the radical prostatectomy specimen, needle biopsies exactly correlate with the prostatectomy in 
31% to 59% of cases (25,26,27 and 28). The magnitude of this grading error is greater than or equal to 2 points in the Gleason sum in 26% to 38% of cases, with the 
needle biopsy more likely underestimating the tumor grade in comparison to the radical prostatectomy specimen.

Two approaches toward better estimating the tumor grade have been used. One group investigated the use of the number of core biopsies obtained in predicting 
tumor grade on the prostatectomy specimen. A community-based retrospective analysis of 124 prostatectomy specimens demonstrated that four to six biopsy cores 
accurately predicted the final pathologic grade within one Gleason grade in 75% of cases ( 29). Further increase in the number of cores obtained failed to improve the 
results. This study was, however, limited because of the lack of a referee pathologist reading the specimens and the lack of a standardized systematic biopsy scheme.

An approach taken by another group of investigators has been to explore the use of repeat biopsy on patients before radical prostatectomy ( 30). A group of 51 
patients who had been diagnosed with CaP at an outside facility underwent repeat sextant biopsy of the PZ before radical prostatectomy. Error rates between the 
highest grade in the needle biopsy and that of the prostatectomy specimen were compared to another group of 226 patients who only had one set of biopsies 
performed. In the single biopsy group, 38% were upgraded to a Gleason score of greater than or equal to 7 when comparing the needle biopsy grade to the 
prostatectomy grade, whereas in the two-biopsy group, 19% were upgraded. This study was strengthened by the use of a referee pathologist who reviewed all biopsy 
and prostatectomy histology; however, systematic sextant PZ biopsies were routinely used only in the rebiopsy group at the second setting. Similar studies are 
warranted in patients who undergo extended biopsy schemes, as outlined previously in the section Cancer Detection.

TUMOR VOLUME ESTIMATES

The progression of most, if not all, cancers is linked to cell division and tumor growth ( 31). This observation has led to the hypothesis that the biologic behavior of a 
given CaP is directly related to the tumor volume. Careful step-sectioned histopathologic analyses of radical prostatectomy specimens have demonstrated a direct 
correlation between measured tumor volume and probability of extracapsular extension (ECE), seminal vesicle invasion, and lymph node metastases ( 32,33). ECE is 
rare in tumors smaller than 4 cc in size and is almost uniformly present in tumors larger than 12 cc. Risk of seminal vesicle invasion and lymph node metastases, 
although also related to tumor volume, are difficult to ascertain as a result of verification bias (patients with these features identified preoperatively are not taken to 
surgery). The importance of preoperative identification of tumor volume is clear from the previous discussion; however, estimates of tumor volume must be based on 
clinically available information.

Some investigators have demonstrated the use of measuring the length of the core needle biopsy involved with cancer as contributing to the prediction of tumor 
volume. This correlation appears to be highest for large cancers. A large degree of involvement of the core biopsies with cancer is strongly suggestive of high-stage 
disease (34,35). A threshold of 3 mm of core length involvement on one core biopsy reliably predicts cancer volumes of 0.5 cc or larger ( 36). However, the converse is 
not always true; focal cancer on the needle biopsy is not always associated with an insignificant cancer volume at radical prostatectomy. In a series of 33 consecutive 
radical prostatectomy patients who were identified as having focal CaP on needle biopsy (single focus smaller than 3 mm in length on only one biopsy without any 
Gleason pattern 4 or 5), only two patients had a measured tumor volume of less than 0.5 mL in the radical prostatectomy specimen ( 37). Such attempts at quantifying 
length of needle core involvement are labor intensive and subject to interpretative variability. One study demonstrated no advantage in quantifying the total length of 
cancer involvement on all needle biopsies over the percentage of core biopsies involved (correlation coefficients of 0.47 and 0.49, respectively) ( 38). Another study 
demonstrated that PSA density, in conjunction with the maximum length of cancer involvement in any one core, was the most valuable means of predicting 
insignificant cancer at radical prostatectomy ( 39).

A recent study has suggested that the performance of additional systematic biopsies may more accurately assess tumor volume. A scheme using ten biopsies 
(conventional sextant biopsies in the PZ bilaterally from the apex, mid, and base of the gland and adding bilateral biopsies of the TZ and laterally directed biopsies of 
the PZ in the midgland) more accurately predicted tumor volume than sextant biopsies alone (correlation coefficients of 0.56 and 0.39, respectively) ( 40).



LOCAL STAGING ASSESSMENT AND RISK OF RELAPSE AFTER RADICAL PROSTATECTOMY

Analysis of the number of positive biopsies has been suggested, by several investigators, to contribute to the prediction of ECE at radical prostatectomy. This type of 
information might, in fact, differ from the quantitation of core length involvement, as it represents a “mapping” of the prostate. This regional sampling of the prostate 
may be a surrogate to tumor volume and, thus, may contribute to the prediction of ECE or risk of treatment failure, or both.

In one series, 100 radical prostatectomy patients were analyzed and several preoperative clinical parameters were studied in their ability to predict ECE and 
recurrence (41). Several parameters correlated with ECE, including a palpable nodule larger than one-half of one lobe, a PSA greater than 25 ng per mL, a PSA 
density greater than or equal to 0.6, perineural invasion on the needle core, and the involvement of greater than or equal to 67% of the core biopsies obtained. The 
same parameters correlated with serologic recurrence, but, in addition, the presence of bilaterally positive biopsies and the presence of Gleason scores greater than 
or equal to 7 on the biopsy also contributed to predicting recurrence.

Another series analyzed 102 radical prostatectomy specimens and evaluated the role of systematic sextant biopsies in predicting ECE ( 42). Patients with three or 
fewer positive biopsies had a lower risk of ECE than did those with four or more positive biopsies (20% vs. 76%). Patients with four or more positive sextant biopsies 
and a Gleason score greater than or equal to 7 had a much higher risk of ECE than those with fewer positive biopsies and lower-grade tumors (greater than 80% vs. 
less than 40%, respectively).

One series reported on 257 consecutive radical prostatectomy patients and demonstrated that the number of positive sextant biopsies, preoperative PSAs, and 
Gleason scores correlated with ECE (p <.0001, p = .0135, and p = .0004, respectively) (43). In addition, the number of positive sextant biopsies, preoperative PSAs, 
and Gleason scores correlated with positive surgical margins ( p <.0001, p = .0120, and p=.0008, respectively). With respect to serologic recurrence, patients with 
fewer than three positive biopsies and a Gleason score less than 7 were at a low risk to recur irrespective of preoperative PSA levels (14% risk with a mean follow-up 
of 2 years). In a multivariate analysis, the number of positive sextant biopsies was the most powerful predictor of serologic recurrence, followed by Gleason score and 
preoperative PSA (p = .0052, p = .0306, and p = .1472, respectively)

Another series of 480 patients demonstrated that the probability of having organ-confined CaP at radical prostatectomy decreased with the increasing percentage of 
positive sextant biopsies ( 44). Patients with fewer than 33%, between 33% and 50%, and greater than or equal to 50% of positive biopsies had an 84%, 62%, and 
38% probability of being organ confined, respectively. Patients with fewer than 50% of systematic biopsies positive demonstrated a disease-free survival of more than 
80% at 2 years.

We previously reported on 104 patients who had undergone systematic sextant biopsy before radical prostatectomy ( 45). In our study, we performed a side-for-side 
analysis and demonstrated that the risk of ECE was 8% and 14% on sides containing no or one of three positive biopsies, whereas it was 37% and 43% in sides 
containing two or three positive biopsies, respectively. For a given side of the prostate, if two of three systematic biopsies demonstrated cancer, then the 
positive-predictive value in predicting ECE was approximately 40%, whereas, if less than two systematic biopsies was positive, the negative-predictive value was 
approximately 90%. Thus, in planning nerve sparing at the time of radical prostatectomy, patients with less than two positive biopsies on a given side are optimal 
candidates for ipsilateral nerve preservation.

We reported on a different patient population consisting of 109 patients who had undergone systematic sextant biopsy before radical prostatectomy ( 46). No patients 
in this series received neoadjuvant or adjuvant therapy. This study correlated preoperative clinical parameters, including the number of positive systematic biopsies, 
preoperative PSA levels, and Gleason scores with a risk of serologic recurrence. We demonstrated that patients who had four or more positive sextant biopsies were 
at a significantly higher risk of failure after radical prostatectomy than patients with three or fewer positive biopsies [relative risk (RR), 2.3; p=.02]. In a multivariate 
Cox regression model, systematic biopsy results and tumor grades were the most powerful predictors of serologic relapse (RR, 2.3; p = .026 and RR, 1.9; p = .046, 
respectively). Additional work is needed in this population to determine the site of serologic failure. It will be critical to distinguish between those patients who are 
failing locally from those who are failing distantly.

More recently, we wished to determine whether the number of positive sextant biopsies contributed to the prediction of positive surgical margins at radical 
prostatectomy (47). Consecutive patients (n = 108) who had a radical retropubic prostatectomy and systematic sextant biopsies were retrospectively evaluated. 
Twenty-two of 108 patients (20.4%) had a positive surgical margin because of extension of the tumor through the capsule. Patients with three or more positive 
biopsies were at higher risk of having a positive surgical margin ( p = .009). Patients with bilaterally positive biopsies at either the base or midprostate were more likely 
to have a positive surgical margin. The risk of a positive surgical margin was not significantly determined by the primary Gleason grade, Gleason score, or 
preoperative PSA. Multivariable logistic-regression models were created that consistently demonstrated that the number of positive biopsies was the best predictor of 
margin status.

Future studies in this area should explore the use of the extended biopsy schemes (eight to ten PZ biopsies) in predicting ECE, margin status, and risk of relapse. 
Such schemes may be more powerful in their prediction of such end points if systematic biopsy does indeed act as a surrogate for tumor volume.

CONCLUSION

Systematic biopsy of the prostate has greatly enhanced our ability to detect CaP. Defining the optimal systematic biopsy regimen for cancer detection in a given 
prostate size and shape is currently being refined. Sextant biopsies are probably inadequate in most cases, and more extended PZ biopsy schemes definitely 
increase cancer detection rates. More recently, greater attention has focused on the ability of systematic biopsy to provide additional information with respect to tumor 
volume, grade, stage, and risk assessment. Future work will investigate the use of extended systematic biopsy schemes in the prediction of these clinical parameters 
in conjunction with tumor grade, PSA levels, DRE, and imaging.
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PROSTATIC INTRAEPITHELIAL NEOPLASIA

Definition and Terminology

In 1986, McNeal published an article on a premalignant lesion of the prostate that he termed intraductal dysplasia (1). This lesion consists of architecturally benign 
prostatic acini or ducts lined by cytologically atypical cells ( Fig. 17-1). Although prostatic intraepithelial neoplasia (PIN) is characterized by nuclear atypia, there are 
often accompanying architectural abnormalities, including flat, tufting, papillary, and cribriform patterns ( 2). Intraductal dysplasia was initially subcategorized into three 
grades. Grade 1 intraductal dysplasia (mild dysplasia) was characterized by increased nuclear size with increased variability of nuclear size, along with irregular focal 
crowding and multilayering. In grade 2 intraductal dysplasia (moderate dysplasia), there were similar features to grade 1 dysplasia, with the additional finding of 
hyperchromatism and occasional small prominent nucleoli. The hallmark of grade 3 intraductal dysplasia (severe dysplasia) was the finding of numerous large 
prominent nucleoli. Over the ensuing years, the diagnostic criteria proposed by McNeal have generally been adopted as the accepted method of grading cytologically 
atypical lesions within the prostate. However, various criticisms of the term intraductal dysplasia were raised, and other nomenclatures were championed. The 
opposition for the term dysplasia is that it is often used to describe abnormalities in embryogenesis such as dysplastic kidney. Others note that the atypical lesions 
within the prostate often do not occur within large ducts but within acini. The most widely used synonym for intraductal dysplasia is PIN. This term has some 
advantages, given that it is relatively recent and has not been used by different authors to denote different lesions. Using the PIN terminology, PIN1 equals mild 
dysplasia, PIN2 equals moderate dysplasia, and PIN3 equals severe dysplasia. Most authorities, including this author, use the terms high-grade PIN to encompass 
both PIN2 and PIN3 and low-grade PIN for PIN1.

FIGURE 17-1. High-grade prostatic intraepithelial neoplasia (PIN). Note the cytologically atypical cells with prominent nucleoli in the architecturally benign gland. 
Contrast cytology in PIN to benign glands in upper right and left corners.

Incidence of Prostatic Intraepithelial Neoplasia in Prostates with and without Infiltrating Cancer

Much of the indirect evidence that associates PIN with carcinoma of the prostate has come from studies examining differences between prostate glands with 
carcinoma and prostate glands without carcinoma ( 3). Studies addressing these differences antedated the use of the terminology low-grade PIN and high-grade PIN, 
and rather used PIN1, PIN2, and PIN3.

Prostatic Intraepithelial Neoplasia 1

The exact incidence of PIN1 in glands with and without carcinoma is difficult to determine from the literature. Studies by McNeal and Bostwick ( 1) and Troncoso (4) 
report only the dominant grade of PIN or the worst grade of PIN, such that the number of cases with PIN1 were often obscured by cases with higher-grade PIN. 
Another explanation of why these studies underrepresented the incidence of PIN1 in benign glands is that most of these studies used autopsy specimens, in which 
subtle and focal degrees of PIN1 would not be identifiable.

Histologic identification of the mildest forms of atypia in almost any organ system is extremely subjective and carries with it the least clinical significance. In a 
subsequent work by McNeal, the following quotation summarizes his consideration of PIN1: “There is not a sharp line of demarcation between grade 1 dysplasia and 
mild degrees of deviation from normal histology” (5). We have demonstrated that, even among genitourinary pathologists, there is a lack of consensus as to the 



distinction between PIN1 and variations of normal histology ( 6). For this reason and the lack of its clinical significance, to be described later, we do not comment on 
low-grade PIN in diagnostic reports.

Prostatic Intraepithelial Neoplasia 2

As with PIN1, it is difficult to determine the incidence of PIN2 in glands with and without carcinoma, because several of the larger studies have only reported the worst 
grade of PIN in a gland. Consequently, glands with PIN3 and PIN2 would not be recorded as showing PIN2. The frequency of PIN2 in benign prostates ranges from 
11% to 68%. The figure that I believe is most credible is that 68% of benign glands without infiltrating cancer contain PIN2 ( 7). This figure was derived from well-fixed 
cystoprostatectomy specimens, in contrast to prostates studied at autopsy. There are no data reporting the incidence of PIN2 in prostates with cancer that are not 
confounded by the incidence of PIN3, which is often the worst PIN seen in these glands.

Prostatic Intraepithelial Neoplasia 3

It appears that between 15% and 18% of glands without carcinoma may have foci of PIN3. The incidences of PIN3 in prostates with carcinoma differ to a greater 
extent, ranging from approximately 33% in autopsy studies, to 72% in surgical specimens performed for transitional cell carcinoma, to 100% in radical prostatectomy 
specimens performed for carcinoma of the prostate.

Relationship of Prostatic Intraepithelial Neoplasia to Carcinoma of the Prostate

Histologic and Morphometric Evidence

In addition to an increased incidence of higher-grade PIN, it has also been noted that the size of PIN foci and the number of PIN foci are increased in prostate glands 
with carcinoma as compared to glands without carcinoma (3). Also, with increasing amounts of PIN there is a greater number of multifocal carcinomas. This 
observation follows whether PIN is a precursor to some carcinomas, because with more precursor lesions one would expect that there would be more early 
carcinomas. The finding of zones of high-grade PIN, from which there appears to be budding off glands of carcinoma, is further histologic evidence that PIN is a 
precursor to some prostate carcinomas. McNeal has designated these foci as transitive glands, although most other investigators prefer the term PIN with 
microinvasive carcinoma (7). Several studies have also noted an increase of PIN in the peripheral zone of the prostate corresponding to the site of origin for most 
adenocarcinomas of the prostate (3). All these findings would be expected if PIN were a precursor lesion to carcinoma of the prostate.

Montironi has studied the histologic features of PIN more rigorously with computer-assisted morphometric measurements ( 8). The following features were intermediate 
in PIN as compared to epithelial cells in benign prostate glands and cancer: nuclear size, nuclear size variability, nucleolar size, nucleolar number, and nucleolar 
eccentricity. Other parameters investigated included nuclear stratification and nuclear crowding.

Histochemical, Immunohistochemical, and Genetic Evidence

There is a growing body of data demonstrating that the expression of various biomarkers is either (a) the same in PIN and carcinoma, as opposed to benign prostate 
glands, or (b) intermediate between benign glands and carcinoma ( 3,9,10).

In many cases, ploidy results in high-grade PIN, also parallel those seen in carcinomas. Studies that have used image analysis techniques rather than flow cytometry 
have, in general, demonstrated ploidy patterns in PIN that are intermediate between benign glands and cancer ( 3). In general, diploid high-grade PIN may be 
associated with adjacent tumors that are either diploid or aneuploid. In contrast, carcinomas adjacent to aneuploid foci of high-grade PIN are almost invariably 
aneuploid as well.

Relationship of Prostatic Intraepithelial Neoplasia to Cancer: Influence of Location and Tumor Grade

Intermediate-grade multifocal carcinomas, as well as peripherally located low- or intermediate-grade carcinomas, are associated with adjacent PIN to a much higher 
extent than are low-grade transition zone adenocarcinomas ( 11,12 and 13). These low-grade, centrally located adenocarcinomas tend to be the tumors that are 
incidentally found in transurethral resections of the prostate (TURP) performed for presumed prostatic hyperplasia. This finding raises the question as to whether 
low-grade, incidentally found carcinomas may not be linked with PIN as closely as peripherally located palpable carcinomas. This weaker association of high-grade 
PIN to transition zone low-grade carcinomas is also supported by the histologic differences of PIN as compared to these carcinomas. Low-grade transition zone 
adenocarcinomas tend to have bland cytologic features, often lacking nuclear enlargement or nucleoli, in contrast to high-grade PIN.

Mimickers of Prostatic Intraepithelial Neoplasia

PIN must, on one hand, be distinguished from several benign entities, and, on the other, be differentiated from variants of infiltrating carcinoma. Benign mimickers of 
PIN include a variant of normal histology with Roman bridge and cribriform patterns seen at the base of the prostate toward the bladder ( 14). Clear-cell cribriform 
hyperplasia can also mimic PIN and consists of crowded cribriform glands with clear cytoplasm, sometimes growing as a nodule and, in other instances, more 
diffusely, usually within the transition zone ( 15). It has been recognized that otherwise typical basal cell hyperplasia may show prominent nucleoli, along with mitotic 
activity (16). Because of the prominent nucleoli, these lesions may be mistaken for PIN.

In some cases, it is impossible to distinguish a focus of cribriform PIN from cribriform Gleason pattern 3 adenocarcinoma ( 14). Although the distinction between 
cribriform Gleason pattern 3 and cribriform PIN may be difficult, from a diagnostic standpoint, this is usually not critical. Almost always, when there is cribriform 
Gleason pattern 3, the cribriform glands are accompanied by small, infiltrating glands of cancer, in which the diagnosis of infiltrating tumor can be made. Only when 
cribriform glands are so large or back to back, or both, that they are inconsistent with cribriform PIN should infiltrating cribriform carcinoma be diagnosed on 
hematoxylin and eosin–stained sections in the absence of small infiltrating glands. Immunohistochemistry with antibodies to high-molecular-weight keratin can be 
used in difficult cases to differentiate these two entities. In the setting of numerous cribriform glands, in which the differential diagnosis is cribriform PIN versus 
cribriform carcinoma, a negative reaction in all of the glands is diagnostic of carcinoma; positive staining, even if patchy, verifies the lesion as cribriform PIN.

A more difficult distinction is between cribriform PIN and the rarer ductal (endometrioid) adenocarcinoma of the prostate ( 17,18 and 19). Ductal adenocarcinomas are 
aggressive tumors often of advanced pathologic stage and associated with a poor prognosis. Consequently, their distinction from cribriform PIN is critical.

Significance of Prostatic Intraepithelial Neoplasia on Biopsy Material

As discussed earlier, the finding of low-grade PIN (PIN1) is common in entirely benign prostates and subjective and difficult to distinguish from normal or slightly 
reactive epithelium (6). Consequently, we do not comment on low-grade PIN on biopsy material. Furthermore, when low-grade PIN is diagnosed on needle biopsy, 
studies have shown that the likelihood of cancer's being detected on repeat biopsy is no higher than in men whose initial biopsies reveal benign prostate tissue 
(20,21).

The incidence of high-grade PIN on needle biopsy in the absence of carcinoma is controversial, varying from 1.5% to 16.5% ( 22,23,24,25,26 and 27). In our material, 
the incidence is 5.5% (26). Although variable patient populations might account for some of these differences, the most likely etiology is different thresholds for 
diagnosing high-grade PIN. In men with high-grade PIN on biopsy, the reported likelihood of cancer's being detected on subsequent biopsy is between 33% and 50% 
(21,28,29,30,31 and 32). There are conflicting data as to whether an abnormal rectal examination, abnormal ultrasound, or elevated serum prostate-specific antigen 
(PSA) level identifies patients who are more likely to have carcinoma on follow-up biopsies. It does not appear that high-grade PIN by itself gives rise to elevated 
serum PSA values (33). One rationale for combining PIN2 and PIN3 into “high-grade PIN” is that even genitourinary pathologists cannot reproducibly distinguish 
between PIN2 and PIN3 (6). It is not surprising that ultrasound does not discriminate between cases with only PIN from those with PIN and carcinoma, because it has 
been demonstrated that high-grade PIN may appear indistinguishable from cancer as a hypoechoic lesion ( 34). It has been demonstrated that when cancer is found 
on repeat biopsy, it may be anywhere in the gland, not only at the initial site in which the high-grade PIN was found ( 35). Consequently, repeat sextant biopsies 
should be performed when high-grade PIN is found on needle biopsy. When high-grade PIN is found on a biopsy that also contains cancer, the PIN is of no clinical 
significance.



There is relatively scant information as to the significance of finding high-grade PIN on transurethral resection (TUR) ( 36,37 and 38). The current management of a 
patient with high-grade PIN on TUR, is in large part determined by the patient's age. In an elderly patient with high-grade PIN on TUR after ruling out a clinically 
significant tumor on rectal examination, probably no further management would be instigated. The finding of high-grade PIN on TUR in a younger individual would 
trigger a more aggressive workup to rule out a clinically significant tumor. This might include, in addition to rectal examination, the performance of transrectal 
ultrasound and sextant biopsies.

Treatment of Prostatic Intraepithelial Neoplasia

Several studies have demonstrated that the extent and prevalence of high-grade PIN are substantially decreased in prostates that have been treated with androgen 
deprivation for 3 months before radical prostatectomy (39,40). These findings indicate that the dysplastic cells of high-grade PIN are hormone dependent, as are 
normal secretory cells. As high-grade PIN appears to be a precursor to many prostate cancers, hormone deprivation may become a means of preventing or 
decreasing the risk of malignant transformation. Whether less potent methods of hormone therapy, such as 5a-reductase inhibitors, also inhibit high-grade PIN is 
unknown. Another possibility that must also be considered is that the apparent decrease in PIN lacks biologic significance; despite the lack of morphologic PIN, the 
cells could still harbor a genetic predisposition to progress into carcinoma.

Prostatic Intraepithelial Neoplasia versus Carcinoma In Situ

Based on much of the data presented herein, high-grade PIN appears to be a precursor to some forms of carcinoma of the prostate. For these reasons, some 
individuals believe that high-grade PIN should be termed carcinoma in situ (CIS). However, the one piece of evidence that we do have for premalignant lesions in 
other organs that is lacking in the prostate is the natural history of high-grade PIN. With the prostate, there is currently no capability of monitoring a PIN focus to 
determine whether (a) there is not already infiltrating carcinoma at that site or (b) when infiltrating carcinoma evolves, has it done so in the immediate vicinity of the 
PIN focus? There are a few reports of prostatic lesions seen on ultrasound in which PIN was found on biopsy, and then the patient was followed for relatively short 
periods of time, subsequently to be shown to have infiltrating carcinoma ( 41). High-grade PIN has also been reported on fine-needle aspiration biopsy, in which the 
patient was followed and later demonstrated to have infiltrating carcinoma ( 42). Although these cases were interpreted as showing evolution from PIN to carcinoma, 
more likely, the infiltrating component was already present at the time of the initial biopsy or aspiration and was not sampled. Because we do not know, when 
high-grade PIN is found on biopsy material what percentage of patients develop infiltrating carcinoma over a given follow-up interval, most authorities do not use the 
term CIS of the prostate. The term has implications that these lesions will develop into infiltrating carcinoma at a sufficiently high frequency that may lead some 
aggressive clinicians to treat these lesions in a radical fashion. Given that there is still controversy as to whether even infiltrating adenocarcinoma of the prostate 
should always be treated aggressively, it is doubtful that these potential precursor lesions should be treated by aggressive therapy until their natural history is better 
understood. These same arguments against the use of CIS reflect the one negative aspect of the term PIN, because its relationship to carcinoma will generally be 
assumed to parallel that seen within cervical intraepithelial neoplasia of the cervix by virtue of their similar terminology. However, our understanding of the natural 
history of cytologically atypical lesions within the prostate is not nearly as well defined as in the cervix.

Given the information presented previously, one might assume that PIN is a universal precursor lesion to prostatic adenocarcinomas. However, there are some data 
that raise questions regarding the relationship of PIN to carcinomas. In a recent study by Sakr et al. from Wayne State University, the onset of high-grade PIN was 
noted to have occurred later than the onset of carcinoma ( 43). This is at odds to what one would expect if PIN were a precursor lesion to all prostate cancers. 
Furthermore, 70% of the prostates with early carcinomas lacked any high-grade PIN within the entirely embedded prostate gland. In addition, even in those prostate 
glands, in which there existed early cancer and high-grade PIN, only in one-third of the cases was the PIN adjacent to cancer. Other evidence against PIN's being a 
universal precursor to prostatic carcinomas is that transition zone cancers uncommonly show adjacent PIN.

ADENOCARCINOMA

Location

Almost all stage T2 and T3 (palpable) tumors and 85% of stage T1c tumors are primarily peripherally up against the edge of the prostate ( 44,45 and 46). Tumors 
diagnosed on TUR (stage T1a and T1b) and 15% of stage T1c cases are predominantly located in the transition zone (i.e., periurethrally or anteriorly). Tumors that 
appear to be unilateral on rectal examination are bilateral in approximately 70% of cases when examined pathologically. Adenocarcinoma of the prostate is multifocal 
in more than 85% of cases (45). In many of these cases of bilateral or multifocal, or both, tumors, the other tumors are small, low grade, and clinically insignificant.

Spread of Tumor

The prostate lacks a discrete histologic capsule, such that the term capsular invasion, describing tumors extending into the “capsule,” has no validity ( 47). Although 
we and others used to diagnose tumors out of the prostate as showing capsular penetration, we currently refer to tumors out of the prostate as exhibiting extraprostatic 
extension. Cases without extraprostatic extension are considered organ confined. Peripherally located adenocarcinomas of the prostate tend to extend out of the 
prostate via perineural space invasion ( 48). Perineural invasion in a radical prostatectomy specimen by itself does not worsen the prognosis, because perineural 
invasion merely represents extension of a tumor along a plane of decreased resistance and not invasion into lymphatics ( 49). Extraprostatic extension preferentially 
occurs posteriorly and posterolaterally, paralleling the location of most adenocarcinomas.

Further local spread of tumors may lead to seminal vesicle invasion, which is diagnosed when a tumor extends into the muscular wall of the seminal vesicle. The most 
common route of seminal vesicle invasion is by the extension of a tumor out of the prostate at the base of the gland ( 50). The tumor then extends into the periseminal 
vesicle soft tissue and eventually into the seminal vesicles. Less commonly, there may be direct extension through the ejaculatory ducts into the seminal vesicles or 
direct extension from the base of the prostate into the wall of the seminal vesicles. Least commonly, there may be discrete metastases to the seminal vesicle, which 
one study found to have a better prognosis (51).

Tumor Volume

In general, prostate cancer tumor volume correlates with tumor aggressiveness (52). Extraprostatic extension is uncommon in tumors smaller than 0.5 cc. Tumors that 
are smaller than 4 cc uncommonly reveal lymph node metastases or seminal vesicle invasion. Tumor volume is also proportional to the grade. The location and grade 
of the tumor also modulate the effect of tumor volume (52,53). For example, periurethrally located (i.e., transition zone) tumors, as a result of their lower grade and 
greater distance from the edge of the gland, tend to achieve larger volumes than peripheral zone tumors before they exhibit extraprostatic extension.

Grade

The most widely used grading system for prostate cancer is the Gleason system (54,55). There are several unique aspects of the Gleason grading system. First, the 
Gleason grading system is solely based on the architectural pattern ( Fig. 17-2). Cytologic features are not factored in. The second unique feature of the Gleason 
grading system is that the overall grade is not based on the highest grade within the tumor. Gleason and the Veterans' Administration Cooperative Study found that 
the prognosis of prostate cancer was intermediate between that of the most predominant pattern of cancer and the second most predominant pattern. Consequently, 
the Gleason grading system factors in the most prevalent pattern (Gleason pattern 1) and the second most prevalent pattern (Gleason pattern 2). These two patterns 
are added together to arrive at a Gleason score. Synonyms for Gleason score include Gleason sum and combined Gleason grade.



FIGURE 17-2. Schematic diagram of Gleason grading system.

Gleason patterns 1 and 2 tumors are composed of relatively circumscribed nodules of uniform, single, separate, closely packed medium sized glands ( Fig. 17-3 and 
Fig. 17-4). Gleason pattern 3 tumor infiltrates in and among the nonneoplastic prostate, and the glands have marked variation in size and shape, with smaller glands 
than seen in Gleason patterns 1 or 2 ( Fig. 17-5). Gleason pattern 4 glands are no longer single and separate as seen in patterns 1 to 3. In Gleason pattern 4, one 
may also see large irregular cribriform glands as opposed to the smoothly circumscribed smaller nodules of cribriform Gleason pattern 3 ( Fig. 17-6). Gleason pattern 
5 tumor shows no glandular differentiation, composed of solid sheets, cords, single cells, or solid nests of tumor with central comedonecrosis ( Fig. 17-7). The 
following combination of Gleason scores results in groups of similar prognosis: Gleason score 2 to 4 (well differentiated), Gleason score 5 to 6 (moderately 
differentiated), Gleason score 7 (moderately poorly differentiated), and Gleason 8 to 10 (poorly differentiated) ( 56).

FIGURE 17-3. Gleason pattern 1 tumor consists of closely packed uniform large glands.

FIGURE 17-4. Gleason pattern 2 tumor has similar large, fairly uniform, pale-staining glands with greater separation and minimal variation of gland size and shape 
between glands as compared to Gleason pattern 1. (From Epstein JI. Interpretation of prostate biopsies, 2nd ed. New York: Raven Press, 1995, with permission.)

FIGURE 17-5. Gleason pattern 3 with a greater variability in gland size as compared to a lower-grade tumor. At least some of the glands are smaller than seen in 
Gleason patterns 1 and 2. The glands infiltrate in between larger benign glands ( upper right).

FIGURE 17-6. Gleason pattern 4 consisting of large irregular cribriform glands.



FIGURE 17-7. Gleason pattern 5 composed of solid nests of cells without gland formation.

A point to note in the Gleason schematic diagram is that there are no sharp demarcations between the various Gleason patterns. Rather, there is a gradual transition 
from one pattern into the other. One could, therefore, see how a tumor that straddles between a Gleason pattern 3 and Gleason pattern 4 could, by one pathologist, 
be read out as a Gleason pattern 3 (on the poorly differentiated side), whereas another pathologist would read it out as a Gleason pattern 4 (on the 
better-differentiated side). Furthermore, different pathologists may have different thresholds as to, for example, how many poorly formed glands are needed to 
diagnose Gleason pattern 4.

Distribution of Gleason Patterns

The distribution of the various Gleason patterns may be skewed depending on the type of surgical specimen. In radical prostatectomy specimens seen at The Johns 
Hopkins Hospital, only 6% of cases are assigned a Gleason score of 2 to 4 and 9.7% a Gleason score of 8 to 9 ( 57). The majority of cases is Gleason scores 5 to 6 
(53.8%) or Gleason score 7 (30.5%). In contrast, Gleason scores 2 to 4 tumors are more frequently seen on TUR ( 53). This discrepancy reflects the prevalence of 
Gleason scores 2 to 4 tumors in the transition zone (i.e., periurethral region), in which the tumors tend to be fairly small and of low stage. In signing out a radical 
prostatectomy specimen, one usually assigns the grade to the dominant tumor (i.e., index tumor). Smaller, multifocal low-grade cancers are not incorporated within the 
grade of index tumor. Low-grade carcinomas are also infrequently seen on needle biopsy (1%), as it is uncommon for the needle biopsy to sample these anteriorly 
located small tumors (58). At the other end of the spectrum, high-grade tumors uncommonly come to radical prostatectomy, as many of these tumors are advanced 
and not amenable to surgery.

Prognosis

Gleason's data with 2,911 patients and subsequent studies with long-term follow-up have demonstrated a good correlation between Gleason score and prognosis 
(55,59). When stage of disease is factored in with the grade, prognostication is enhanced ( 55). Gleason score correlates with all prognostic variables seen at radical 
prostatectomy and with prognosis after radical prostatectomy (Table 17-1). Gleason score 7 tumors behave significantly worse than Gleason scores 5 to 6 tumors and 
should not be combined as “intermediate-grade carcinoma” (56,57,60). Gleason score 7 tumors do, however, fare better than Gleason scores 8 to 9 tumors. Biopsy 
Gleason scores can also be combined with serum PSA values and clinical stage to predict organ-confined versus non–organ-confined disease and risk of progression 
after radical prostatectomy (61,62).

TABLE 17-1. CORRELATION OF RADICAL PROSTATECTOMY GLEASON GRADE WITH P STAGE AND MARGINS IN 988 MEN (1994–1998)

Correlation between Biopsy and Radical Prostatectomy Specimen

There have been several studies correlating core biopsy and radical prostatectomy grade ( 58,63,64). In a recent study, needle biopsies were graded at various 
institutions throughout the country and then regraded by various staff pathologists at The Johns Hopkins Hospital before patients underwent radical prostatectomy 
(58). Whereas 87 of 390 (23%) of needle biopsies were assigned a Gleason score of 2 to 4 on the outside, only four (1%) of these needle biopsies were graded as 
Gleason scores 2 to 4 at Hopkins. Of the 87 cases graded as Gleason scores 2 to 4 at outside institutions, 18 had focal extraprostatic extension, 26 had more 
extensive extraprostatic disease, and four had either seminal vesicle invasion or lymph node metastases. Although the few cases on biopsy graded by Hopkins 
pathologists as Gleason scores 2 to 4 were organ confined at the time of radical prostatectomy, the prostatectomy grade in all of these cases was Gleason scores 5 to 
6.

This widespread undergrading of needle biopsies has potentially serious implications. Some clinicians, when they receive a needle biopsy report of adenocarcinoma 
of the prostate with a Gleason score of 2 to 4, will assume that these are low-grade indolent tumors and potentially follow these patients conservatively. However, 
55% of the tumors that were assigned a Gleason score of 2 to 4 on needle biopsy by outside institutions were not organ confined at the time of radical prostatectomy. 
This misconception that low-grade cancer on needle biopsy correlates with indolent behavior in part relates to several publications that have demonstrated that 
low-grade carcinomas on TURPs behave fairly indolently if present in limited quantity ( 65). Low-grade cancer on TURP often represents sampling of low-grade 
transition zone cancers that, if limited in extent, have, in general, an indolent course ( 66). However, the finding of low-grade cancer on needle biopsy almost always 
reflects undergrading of the needle biopsy or sampling error, in which a higher-grade tumor was not biopsied ( 58,67). Whether the Gleason score is 2 to 4 or 5 to 6 on 
needle biopsy should not alter therapeutic decisions.

In a large study performed at The Johns Hopkins Hospital, a Gleason score of 5 to 6 on biopsy corresponded to the same grade in the radical prostatectomy in 64% of 
the cases (58) (Table 17-2). When the Gleason score was 7 or higher on biopsy, the radical prostatectomy grade was the same in 87.5% of the cases. In general, 
adverse findings on needle biopsy accurately predict adverse findings in the radical prostatectomy specimen, whereas favorable findings on the needle biopsy do not 
necessarily predict favorable findings in the radical prostatectomy specimens, in large part owing to sampling error.



TABLE 17-2. CORRELATION OF GLEASON SCORE BETWEEN BIOPSY AND RADICAL PROSTATECTOMY (BOTH GRADED AT THE JOHNS HOPKINS 
HOSPITAL)

Some pathologists do not assign a grade to small foci of prostate cancer on needle biopsy. We found that the grade assigned to very small cancers on biopsy (less 
than 1 mm) was just as accurate as compared to cases with more extensive cancer on biopsy (58). We therefore assign both a primary and secondary Gleason 
pattern to even tiny foci of cancer on needle biopsy. The sampling error between cases with a limited amount of cancer on needle biopsy compared to those with a 
greater amount of cancer on needle biopsy is not as great, as in cases with greater amounts of cancer on needle biopsy samples, compared to the entire tumor in the 
radical prostatectomy specimen. One core of prostatic tissue is approximately 1 of 10,000 of the prostate gland. Even cases with fairly extensive cancer on needle 
biopsy are sampling only a small fraction of the tumor. There is also a practical reason to assigning a primary and secondary pattern to limited cancer on needle 
biopsy. We have seen some cases signed out as “Gleason grade 4,” when the pathologist meant to convey that the tumor was high-grade (i.e., Gleason pattern 4). 
However, the urologist interpreted it to mean a Gleason score of 4 (i.e., Gleason grade 2 + 2 = 4). By assigning both a primary and secondary pattern, even in cases 
with a limited amount of cancer, the urologist is clear as to the grade of the tumor.

Sources of Discrepancies between Radical Prostatectomy and Biopsy Grade

In the Hopkins study, we identified four sources of discrepancy between biopsy and radical prostatectomy grade ( 58). Pathology error was most frequently seen when 
pathologists assigned a Gleason score of 4 or less on a needle biopsy that, in fact, was a Gleason score of 5 to 6. The other source of discrepancy between biopsy 
and radical prostatectomy grade was borderline cases. As mentioned earlier, in the description of the Gleason grading system, there are some cases that are right at 
the interface between two different patterns, in which there will be interobserver variability and possibly even intraobserver variability.

The other common source of discrepancy is sampling error. The more common type of sampling error is when there is a higher-grade component present within the 
radical prostatectomy specimen that is not sampled on needle biopsy. This typically occurs when a needle biopsy tumor is graded as a Gleason grade 3 + 3 = 6. In 
the radical prostatectomy, there exists Gleason pattern 4, which was not sampled on the biopsy, resulting in a prostatectomy grade of Gleason grade 3 + 4 = 7. 
Reverse sampling is less common. In this situation, there is a minute amount of a pattern that is not incorporated in the radical prostatectomy grade, yet it happened 
to have been sampled on needle biopsy. An example of this would be a tumor that on biopsy is accurately graded as a Gleason grade 3 + 4 = 7. The radical 
prostatectomy tumor is 99% Gleason pattern 3, with just a minute amount of Gleason pattern 4. The grade assigned to the radical prostatectomy tumor is Gleason 
grade 3 + 3 = 6.

Interobserver Reproducibility

In a recent study, 46 needle biopsies with adenocarcinoma of the prostate of varying grades were sent to ten different urologic pathologists ( 68). Gleason scores were 
grouped according to the following: 2 to 4, 5 to 6, 7, and 8 to 10. In 82.6% of the cases, at least seven of the ten pathologists agreed on the group. Thirty-eight needle 
biopsies, in which there was greater than or equal to 70% consensus among urologic pathologists, were then sent to 41 different community-based pathologists. Of 
the cases in which there was a consensus score by the urologic pathologists of 5 to 6, only approximately one-half of the time was the score of 5 to 6 by the general 
pathologists. In the remaining half of the cases, the tumors were undergraded as Gleason scores 2 to 4. Of the nine cases with a consensus score of Gleason score 
7, only approximately half of the cases were correctly assigned a Gleason score of 7 by the general pathologists. Again, there was undergrading, with 43% of the 
cases being called a Gleason score of 5 to 6 and 5% of the cases being called a Gleason score of 2 to 4. Even with the 16 cases having a consensus Gleason score 
8 to 10, there was undergrading, with 17% called a Gleason score of 7 and 6% called a Gleason score of 5 to 6.

We have demonstrated that education programs for pathologists can result in more accurate Gleason grading. Using a web-based tutorial and test, in which we now 
have more than 1,000 completions on the site, we demonstrated that pathologists were able to significantly improve grading of needle biopsies ( 69) 
(http://www.pathology.jhu.edu/prostate).

Evolution in Grade over Time

Some men with low-grade cancers will, after several years, develop high-grade tumors ( 70). It is unclear whether the residual low-grade cancer progressed or whether 
there was subsequent development of a multifocal, more aggressive tumor. Although in general, larger tumors are high grade and small tumors low grade, exceptions 
occur (71). There is a tendency to hypothesize that tumors begin as low-grade tumors and, on reaching a certain size, dedifferentiate into higher-grade lesions, 
accounting for the relationship between size and grade. Alternatively, high-grade tumors may be high grade at their inception, yet, because of their rapid growth, are 
detected at an advanced size. Similarly, low-grade tumors may evolve so slowly that they tend to be detected at lower volumes.

Assessment of Needle Biopsies

The diagnosis of adenocarcinoma of the prostate on biopsy is based on a constellation of architectural, cytologic, and ancillary findings that differ from the 
surrounding benign glands (Fig. 17-8) (72). The underdiagnosis of limited adenocarcinoma of the prostate on needle biopsy is one of the most frequent problems in 
prostate pathology. It is not uncommon to have several needle biopsy cores of prostatic tissue in which there are only a few malignant glands, which may be difficult to 
diagnose. There are also numerous benign mimickers of adenocarcinoma of the prostate ( 14). The most common benign lesions seen on needle biopsy that are 
mistaken for carcinoma include atrophy, adenosis, and nonspecific granulomatous prostatitis. In some of these cases, the use of antibodies to high-molecular-weight 
cytokeratin may resolve the diagnosis ( 73). Benign glands contain basal cells and are labeled with these antibodies, whereas prostate cancer shows no staining. In 
approximately 5% of needle biopsies, there will be findings suspicious, but not diagnostic of, carcinoma ( 22,23,24,25 and 26,74,75). Pathologists should sign out 
atypical cases descriptively as a “focus of atypical glands” rather than use ambiguous terminology, such as “atypical hyperplasia.” A comment should be added in the 
report describing why the focus is suspicious for cancer yet not diagnostic, with a recommendation for repeat biopsy. In this way, there is no confusion in the 
urologist's mind that he or she is dealing with a lesion that is likely to be infiltrating cancer, yet the pathologist is not comfortable establishing the diagnosis. Repeat 
biopsy will reveal prostate cancer in approximately 50% of cases ( 24,76,77 and 78). The risk of finding cancer on repeat biopsy is independent of serum PSA levels 
and findings on digital rectal examination. If repeat biopsy is negative, then this does not exclude the presence of carcinoma, because prostatic needle biopsies are 
associated with fairly high false-negative rates ( 79). We have seen numerous cases in which the first biopsy was called atypical and a repeat biopsy was entirely 
benign, whereupon review of the initial biopsy, it was diagnostic of cancer. It is incumbent on the pathologist in these cases to have the initial biopsy sent off for 
consultation or try to resolve the initial biopsy with ancillary techniques, such as immunoperoxidase with antibodies to high-molecular-weight keratin. We have shown 
that in subsequent biopsies after an atypical biopsy, the chance of detecting cancer is highest in the region of the atypical site ( 80). We recommend that the repeat 
biopsy sample three cores from this site. The next most frequent site of finding cancer at repeat biopsy, after an atypical biopsy, is the adjacent contralateral and 
adjacent ipsilateral areas; we advise that two cores be sampled from each of these sites. One core should be sampled from each remaining sextant, because cancer 
may also be found away from the initial atypical site. We advocate that biopsies taken from different areas of the prostate should be submitted to the pathologist in 
separate containers so that rebiopsy of atypical cases can be directed in this more concentrated fashion into and around the region of the initial atypical biopsy.



FIGURE 17-8. Minimal cancer on needle biopsy consisting of small, crowded glands infiltrating among larger, benign glands. Note the enlarged nuclei with prominent 
nucleoli in cancer (arrows) as compared to the benign glands (left).

There are multiple ways in which pathologists may record the extent of cancer on needle biopsy. These include the number of positive cores, the total millimeters of 
cancer, the total percent of cancer, and the maximal percent of cancer per core. All these measurements have been correlated with measurements of tumor 
aggressiveness, such as tumor volume, stage, progression, and margins of resection. An equal number of studies claim the superiority of one technique over the 
other. We recommend that pathologists record the number of cores containing cancer, as the presence of multiple positive cores correlates with adverse findings at 
radical prostatectomy (26,81,82,83 and 84) (Table 17-3). Pathologists should also record the millimeters of cancer or percent of cancer on biopsy, as these carry 
prognostic significance. It is important to recognize that limited adenocarcinoma of the prostate on needle biopsy does not necessarily reflect limited cancer within the 
prostate due to sampling error.

TABLE 17-3. CORRELATION BETWEEN NUMBER OF POSITIVE BIOPSY CORES AND PATHOLOGIC STAGE

When perineural invasion is seen on needle biopsy, the likelihood of finding extraprostatic extension in the prostatectomy specimen has been reported to range from 
32% to 93% (average, 59%) (83,85,86,87,88,89 and 90). The absence of perineural invasion on biopsy does not indicate organ-confined disease, with extraprostatic 
extension reported in 26% to 49% of cases. There are conflicting studies as to whether perineural invasion on needle biopsy provides independent prediction of 
extraprostatic extension beyond that provided by biopsy Gleason grade and preoperative serum PSA levels. Perineural invasion by prostate cancer on needle biopsy 
has been shown to predict lymph node metastases and seminal vesicle invasion ( 86,91). If the urologist, at the time of radical prostatectomy, excises the 
neurovascular bundle on the same side from which the biopsy demonstrates cancer with perineural invasion came, the incidence of positive margins will decrease 
from 51.3% to 33.8% (88). Because the finding of perineural invasion on needle biopsy provides prognostic information and is readily performed by the pathologist, it 
should be recorded on the pathology report.

Assessment of Transurethral Resection Specimens

The staging system that is recommended for tumors that are incidentally found on TURPs done for presumed benign prostatic hypertrophy (BPH) is based on the 
percentage of the specimen involved by tumor, with 5% being the cutoff between stage T1a and T1b ( 92). All stage T1b tumors will be detected by processing 
between six and eight cassettes of a TUR specimen. By processing eight to ten cassettes, more than 90% of stage T1a lesions will be identified ( 93,94,95 and 96). 
Depending on the institution, all TUR tissues may be examined in relatively young men (65 years or younger), in whom aggressive therapy for stage T1a disease 
might be pursued (66). High-grade tumor, which we define as Gleason score of 7 or higher, of any quantity is classified as stage T1b disease.

Radical Prostatectomy Specimens

There are several ways in which radical prostatectomy specimens may be submitted, in part depending on whether tissue is being harvested for research purposes 
(97,98,99,100,101 and 102). Most prostate cancers are peripherally located (i.e., posterior and posterolateral). By examining differences between the left and right 
halves of the gland, one can usually visualize prostate cancer as a more solid, homogeneous, yellowish-white tissue. In contrast, the normal peripheral zone has a 
spongier, microcystic appearance. One can submit only those sections containing gross tumor, along with routine margin sections, the apex, and base of the seminal 
vesicles (100). We recommend submitting the whole prostate if the prostate is small. In cases with no grossly evident tumor, either the entire prostate is submitted or, 
if it is large, the posterior halves are submitted. By submitting the posterior halves, sampling of the transition zone will also be accomplished. We do not believe it is 
necessary to perform whole-mount sections. Whole-mount sections add nothing to that of processing specimens in a routine fashion. The handling of radical 
prostatectomies using whole-mount sections is much more cumbersome, requiring specialized processing techniques, storage facilities, materials, and dedicated 
technicians. Furthermore, using whole-mount techniques requires a greater fixation period, resulting in a further delay in the diagnosis.

Only 25% of men with seminal vesicle invasion and none with lymph node metastases are progression-free at 10 years after radical prostatectomy ( 56). The presence 
of extraprostatic extension and its extent also influence progression ( Table 17-4). Pathologists frequently underdiagnose extraprostatic extension. When a tumor 
penetrates the prostatic gland, it induces a dense desmoplastic response in the periprostatic adipose tissue, in which it can be difficult to judge whether the tumor has 
extended out of the gland or is within the fibrous tissue of the prostate. Positive margins are another important parameter and disproportionally occur toward the apex 
(56,103,104). Only approximately 50% of men with positive margins progress after radical prostatectomy (Table 17-4) (56). A major source of this discrepancy is that 
even in cases in which margins histologically appear to be positive, additional tissue removed from the site does not always show tumor ( 105). Artifactually positive 
margins relate to the scant tissue surrounding the prostate, which may easily be disrupted during surgery or the pathologic evaluation of the gland. Margins 
designated as “close” but negative are not associated with an increased risk of postoperative progression ( 106).



TABLE 17-4. KAPLAN-MEIER ESTIMATES OF RISK OF PROGRESSION WITH NEGATIVE SEMINAL VESICLES AND NEGATIVE LYMPH NODES

Gleason grade, extraprostatic extension, and margins of resection are all strong, independent predictors of progression (elevated postoperative serum PSA level). A 
more refined prognostication is not needed for men with Gleason scores 2 to 4, because these men are almost all invariably cured by surgery ( Table 17-4). Men with 
Gleason scores 8 to 10 have a poor prognosis after prostatectomy ( Table 17-4), with nodal metastases as the major prognostic determinant. Of cases with negative 
seminal vesicles and lymph nodes, Gleason scores 5 to 7 account for 88% of tumors removed by radical prostatectomy and can be stratified into prognostic groups 
depending on the status of extraprostatic extension and margins ( Table 17-4). Tumor volume correlates well with pathologic stage, Gleason grade, and progression 
after radical prostatectomy (60). However, it has been demonstrated that tumor volume does not independently predict postradical prostatectomy progression once 
grade and pathologic stage are accounted for ( 107,108). Consequently, it is not essential that tumor volume be calculated for clinical purposes in radical 
prostatectomy specimens. Rather, there should be some overall subjective indication of tumor volume to identify those cases with a minute amount of tumor with an 
excellent prognosis and those with an extensive tumor and a worse prognosis.

Subtypes of Prostatic Adenocarcinoma

Subtypes of prostate cancer, which have a more aggressive course than ordinary prostate cancer, include prostatic ductal adenocarcinoma, mucinous 
adenocarcinoma of the prostate, and small cell carcinoma.

Although most adenocarcinomas of the prostate are of acinar origin, between 0.4% and 0.8% of prostatic adenocarcinomas arise within prostatic ducts ( 17,18 and 19). 
These tumors are characterized by tall, pseudostratified columnar cells, in contrast to the single layer of cuboidal cells seen in ordinary (acinar) prostate 
adenocarcinoma (Fig. 17-9). Ductal adenocarcinomas may be papillary, cribriform, or solid, or composed of individual glands. Prostatic duct adenocarcinomas may be 
the sole component yet more frequently are admixed with tumors showing acinar differentiation, seen in approximately 5% of prostatic adenocarcinomas. Prostatic 
duct adenocarcinomas arise in large primary periurethral prostatic ducts, in which they may grow as exophytic lesions into the urethra, most commonly in and around 
the verumontanum. At cystoscopy, these lesions closely resemble papillary transitional cell carcinomas. Often in these cases, the digital rectal examination is normal, 
and patients present with either obstructive symptoms or gross or microscopic hematuria. Tumors arising in the more peripheral prostatic ducts may or may not have a 
urethral component and may be palpable on rectal examination.

FIGURE 17-9. Ductal adenocarcinoma of the prostate with papillary fronds lined by tall, pseudostratified columnar cells. (From Epstein JI. Interpretation of prostate 
biopsies, 2nd ed. New York: Raven Press, 1995, with permission.)

Because of the histologic resemblance to endometrial carcinoma, as well as the tendency to arise around the verumontanum (a Müllerian remnant), prostatic duct 
adenocarcinomas were initially considered to be of endometrial origin and were designated as endometrioid carcinomas of the prostate. Subsequent studies have 
refuted the existence of an endometrial carcinoma of the prostate, showing them to be reactive with prostate-specific acid phosphatase (PSAP) and PSA. Further 
evidence that these are not endometrial adenocarcinomas is that some of the tumors will respond to hormone therapy and the intimate mingling of ductal and acinar 
components seen in some tumors. Previous studies have suggested a poor prognosis with conservative management of prostatic duct adenocarcinoma, with an 
average survival of 36 months (18). Even if treated by radical prostatectomy, the prognosis is poor ( 19). Compared to acinar carcinomas of similar clinical stage, 
ductal cancers are larger and occupy a larger proportion of the gland. They show advanced final pathologic stage with 93% having extraprostatic extension, 43% 
positive margins, 43% seminal vesicle invasion, and 29% positive lymph nodes. They also have a higher short-term risk of progression after radical prostatectomy. 
When diagnosed on needle biopsy, they are associated with more advanced pathologic stage and increased risk of postradical prostatectomy progression than acinar 
carcinomas (109).

Mucinous adenocarcinoma of the prostate gland is one of the least common morphologic variants of prostatic carcinoma ( 110,111). A lack of precision in the definition 
of these mucinous neoplasms has resulted in reports that have overstated the incidence of this lesion. Using criteria developed for mucinous carcinomas of other 
organs, the diagnosis of mucinous adenocarcinoma of the prostate gland should be made when at least 25% of the tumor resected contains lakes of extracellular 
mucin. Histologically, mucinous adenocarcinomas of the prostate are predominantly intermediate-grade tumors, in which a cribriform pattern tends to predominate in 
the mucinous areas (Fig. 17-10). In contrast to bladder adenocarcinomas, mucinous adenocarcinoma of the prostate rarely contains signet cells. Some carcinomas of 
the prostate will have a signet ring cell appearance, yet the vacuoles do not contain intracytoplasmic mucin ( 112). Only a few cases of prostate cancer have been 
reported with mucin-positive signet cells ( 113,114). Bladder adenocarcinomas, either when the sole component or admixed with transitional cell elements, may, in a 
minority of cases, show cross-reactive staining with antisera to PSAP ( 115). Prostate adenocarcinomas, which are mucinous, behave aggressively ( 110,111). In the 
largest reported series, 7 of 12 patients died of the tumor (mean, 5 years), and five were alive with the disease (mean, 3 years). Although these tumors are not as 
hormonally responsive as their nonmucinous counterparts, some respond to androgen withdrawal. They have a propensity to develop bone metastases and increased 
serum acid phosphatase and PSA levels with advanced disease.

FIGURE 17-10. Mucinous adenocarcinoma of the prostate with cribriform glands floating within mucinous lakes. (From Epstein JI. Interpretation of prostate biopsies, 
2nd ed. New York: Raven Press, 1995, with permission.)

The most virulent variant of prostate cancer is small cell carcinoma of the prostate ( 116). In approximately 50% of the cases, the tumors are mixed small cell 
carcinoma and adenocarcinoma of the prostate (Fig. 17-11). Although most small cell carcinomas of the prostate lack clinically evident hormone production, they 



account for the majority of prostatic tumors with clinically evident adrenocorticotropic hormone or antidiuretic hormone production. The average survival of patients 
with small cell carcinoma of the prostate is less than a year. There is no difference in prognosis between patients with pure small cell carcinomas and those with 
mixed glandular and small cell carcinomas. The appearance of a small cell component within the course of adenocarcinoma of the prostate usually indicates an 
aggressive terminal phase of the disease, with the manifestations and patterns of tumor spread still resembling those of typical adenocarcinoma of the prostate. The 
heterogeneity of prostatic small cell tumors suggests that they arise from multipotential prostatic-epithelial cells that may express divergent differentiation. It is 
important to recognize that neuroendocrine differentiation in the prostate is not restricted to small cell carcinoma. Neuroendocrine cells in the normal prostate contain 
serotonin and, less frequently, calcitonin, somatostatin, or human chorionic gonadotropin (hCG). In histologically typical adenocarcinomas of the prostate, it is 
common to find similar cells that label with antibodies to serotonin, adrenocorticotropic hormone, calcitonin, hCG, or neuron-specific enolase ( 117,118). Most of these 
cases have no clinical evidence of ectopic hormonal secretion, and there are conflicting studies as to the prognostic significance of neuroendocrine expression in 
ordinary prostate cancer.

FIGURE 17-11. Mixed small cell (top) and adenocarcinoma of the prostate (bottom). (From Epstein JI. Interpretation of prostate biopsies, 2nd ed. New York: Raven 
Press, 1995, with permission.)

Individual case reports exist on variants of prostatic adenocarcinoma with oncocytic changes and lymphoepithelial features ( 119,120).

OTHER CARCINOMAS INVOLVING THE PROSTATE

Transitional Cell Carcinoma

Primary transitional cell carcinoma of the prostate without bladder involvement accounts for 1% to 4% of all prostate carcinomas ( 121). In cases of primary transitional 
cell carcinoma of the prostate, stromal invasion is almost always identified ( 122). In a minority of primary transitional cell carcinomas of the prostate, an 
adenocarcinoma component may also be identified. Primary transitional cell carcinomas of the prostate show a propensity to infiltrate the bladder neck and 
surrounding soft tissue, such that more than 50% of the patients present with stage T3 or T4 tumors. Twenty percent of the patients present with distant metastases, 
with bone, lung, and liver being the most common sites. In contrast to adenocarcinoma of the prostate, bone metastases tend to be osteolytic. Treatment of stage T3 
disease with radiation results in a 5-year survival rate of approximately 34%. In the minority of cases with tumors localized to the prostate (T2), radical surgery has 
resulted in long-term disease-free survival in several patients.

More commonly, transitional cell carcinoma involves prostatic ducts and acini in patients with a history of flat CIS of the bladder who have been treated over a period 
of months to years with intravesical topical chemotherapy (123,124,125 and 126). Between 35% and 45% of cystoprostatectomies performed for transitional cell 
carcinoma contain prostatic involvement. However, this number is dependent on the amount of histologic sampling of the prostate tissue and may be much higher in 
completely mapped specimens (127). Although the intravesical therapy may effectively rid the bladder of tumor, the chemotherapy may not treat effectively the 
prostatic urethra and does not reach the underlying prostatic ducts and acini. To rule out extension of tumor into the prostate, patients who are treated conservatively 
for CIS of the bladder undergo periodic deep transurethral biopsies of the prostatic urethra and underlying prostate. The finding of intraductal transitional cell 
carcinoma usually leads to radical cystoprostatectomy. If cystoprostatectomy is performed and only intraductal transitional cell carcinoma is present, the prostatic 
involvement does not worsen the prognosis, which is determined by the stage of the bladder tumor ( 128). Intraductal transitional cell carcinoma of the prostate 
appears to involve the prostate via direct extension from the overlying urethra that is usually involved by CIS. Intraductal and infiltrating transitional cell carcinoma 
involving the prostate tends to be seen in higher-stage bladder tumors, in which the patients have a poor prognosis attributable to either the advanced bladder or 
prostatic disease. A minority of these cases will have a low-stage bladder tumor and a poor prognosis, demonstrating the adverse effect of prostatic stromal infiltration 
(128). It is therefore prognostically important to identify prostatic stromal invasion in cases with intraductal transitional cell carcinoma, especially in patients with a 
low-stage bladder tumor.

Finally, one may find direct invasion from a bladder transitional cell carcinoma into the stroma of the prostate, in which there is no in situ component within the 
prostatic ducts. This situation is associated with a dramatic decrease in the prognosis of transitional cell carcinoma of the bladder and is equivalent in survival to 
cases with local metastases. In some of these cases, it is difficult to differentiate between a poorly differentiated transitional cell carcinoma of the bladder and a 
Gleason pattern 5 prostatic adenocarcinoma. Because in some cases antisera to PSA are more sensitive in identifying prostatic tumors, and PSAP gives superior 
results in other cases, both antisera should be used in establishing whether the tumor is of prostatic origin. Even when PSA and PSAP are used, the lack of 
immunoreactivity in a poorly differentiated tumor within the prostate, especially if present in limited amount, does not exclude the diagnosis of a poorly differentiated 
prostatic adenocarcinoma. In addition, immunohistochemical stains can be done for high-molecular-weight cytokeratin, cytokeratin 7, and cytokeratin 20, which 
preferentially label urothelial carcinoma and are uncommonly expressed in adenocarcinoma of the prostate ( 129,130). With only a few exceptions, immunoperoxidase 
staining for PSA and PSAP is very specific for prostatic tissue ( 131).

Squamous Cell Carcinoma

Pure primary squamous carcinoma of the prostate is rare (0.5% of prostate tumors) and is associated with a poor survival ( 132). These tumors develop osteolytic 
metastases, do not respond to hormone therapy, and do not develop elevated serum PSA with metastatic disease. More commonly, squamous differentiation occurs 
in the primary and metastatic deposits of adenocarcinomas that have been treated with hormone or radiation therapy ( 133,134 and 135). After therapy, the prostate 
may develop squamous metaplasia only in benign glands or, in some cases, in some of the neoplastic glands as well, resulting in an adenosquamous carcinoma. The 
metastases may be adenosquamous carcinoma or pure squamous carcinoma; in some cases, the squamous component may be PSA or PSAP positive (136). There 
have also been rare reports of adenosquamous carcinoma of the prostate in which there was no previous therapy.

MESENCHYMAL TUMORS

Benign Mesenchymal Tumors and Tumorlike Lesions

Benign soft tissue tumors of the prostate are rare, the most common being leiomyoma. The difficulty in diagnosing a leiomyoma of the prostate is that one often may 
find small stromal nodules with the histologic appearance of a leiomyoma in prostates with nodular hyperplasia ( 137). These stromal nodules, although they contain 
abundant smooth muscle, lack the well-organized fascicles of a leiomyoma and do not have the other degenerative features commonly seen in leiomyomas, such as 
hyalinization, necrosis, and calcification. Large, single, symptomatic leiomyomas of the prostate are rare, most presenting with lower urinary obstructive symptoms 
(138). Hemangiomas involving the prostate have also been described ( 139).

There are two spindle cell lesions occurring in the genitourinary tract that are benign, yet resemble sarcomas. Postoperative spindle cell nodules in men have been 
found in the prostate, bladder, and prostatic urethra. Cystoscopically, they manifest as an ulcer, ill-defined tumor, or nodule. As the name implies, they follow a prior 
surgical procedure. On average, the TUR precedes the spindle cell nodule by 3 months, with a range of 2 to 15 months. There is a wide age range of 29 to 79 years 
(median, 60 years). Often, these nodules are incidentally found, yet may result in hematuria or obstructive symptoms. These lesions are usually small (5 to 9 mm). 
These lesions may be infiltrative and destroy surrounding smooth muscle. Another spindle cell tumor occurring in this region arises without a prior history of surgery. 



These lesions have been reported under a multitude of names, most commonly nodular fasciitis of bladder, pseudosarcomatous myofibroblastic proliferation, 
inflammatory pseudotumor, or pseudosarcomatous fibromyxoid tumor. These lesions occur within even a wider range, from 2 to 73 years, with a median age of 28 
years. Most cases have been described within the bladder, with an occasional case found within the prostate. These lesions range from 1.5 to 9.0 cm. These lesions 
may, as with postoperative spindle cell nodules, invade into the bladder wall. Postoperative spindle cell nodules and pseudosarcomatous fibromyxoid tumors are 
benign, with only a rare recurrence after incomplete excision ( 140,141 and 142).

Sarcomas

Sarcomas (excluding those of specialized prostatic stroma) of the prostate account for 0.1% to 0.2% of all malignant prostatic tumors. Rhabdomyosarcoma is the most 
frequent mesenchymal tumor within the prostate and is seen almost exclusively in childhood. Rhabdomyosarcomas of the prostate occur from infancy to early 
adulthood, with an average age at diagnosis of 5 years ( 143). Most patients present with stage 3 disease, in which there is gross residual disease after incomplete 
resection or biopsy only. A smaller but significant proportion of patients presents with distant metastases. A localized tumor that may be completely resected is only 
rarely present. Histologically, most prostate rhabdomyosarcomas are of the embryonal subtype. Because of their large size at the time of diagnosis, the distinction 
between rhabdomyosarcoma originating in the bladder and that arising in the prostate is often impossible. After the development of effective chemotherapy for 
rhabdomyosarcomas, those few patients with localized disease (stage 1) or microscopic residual regional disease (stage 2) stand an excellent chance of being cured. 
Although the majority of patients with gross residual disease (stage 3) remains without evidence of disease for a long period of time, approximately 15% to 20% die of 
their tumor. The prognosis for patients with metastatic tumor (stage 4) is more dismal, with most patients dying of the tumor.

Leiomyosarcomas are the most common sarcomas involving the prostate in men (144). The majority of patients is between 40 and 70 years of age, although in some 
series, up to 20% of leiomyosarcomas have occurred in young adults or children. Leiomyosarcomas have ranged in size from 2 to 24 cm, with a mean size of 9 cm. 
After local excision or resection of prostatic leiomyosarcomas, the clinical course tends to be characterized by multiple recurrences. Metastases, when present, are 
usually found in the lung and liver. The average survival with leiomyosarcoma of the prostate is between 3 and 4 years.

Other rare mesenchymal tumors of the prostate that are malignant or have the potential for malignancy are malignant peripheral nerve sheath tumors, angiosarcomas, 
hemangiopericytomas, malignant fibrous histiocytomas, specialized stromal tumors of the prostate, and pheochromocytomas ( 145,146,147,148 and 149).

MISCELLANEOUS BENIGN TUMORS OR TUMORLIKE CONDITIONS

Other benign lesions reported in the prostate include ganglioneuromas, carcinoid tumors, mucinous metaplasia, xanthomas, and Paneth's cell metaplasia 
(150,151,152,153 and 154). Prostatic cystadenomas are large, tumorlike lesions with the appearance of BPH ( 155). They have been reported to arise in the 
retrovesical space, either attached to the prostate by a pedicle or apparently separate from the prostate. Occasionally, these lesions are intraprostatic and are 
differentiated from nodular hyperplasia only when they are composed of a well-circumscribed nodule occupying one side of an otherwise nonhyperplastic gland. A 
variant of adenosis that may be confused with intermediate high-grade adenocarcinoma of the prostate is sclerosing adenosis of the prostate ( 156).

MISCELLANEOUS MALIGNANT TUMORS OR TUMORLIKE CONDITIONS

The following malignant tumors have been rarely described in the prostate: Wilms' tumor, rhabdoid tumor, and basaloid carcinomas (adenoid cystic carcinoma) 
(157,158 and 159). Other malignant tumors of the prostate include cases of malignant mixed tumors resembling those of the salivary gland and endodermal sinus 
tumor (160,161).

Carcinosarcomas, which are typically composed of adenocarcinoma of the prostate admixed with a sarcomatous component, have also been reported within the 
prostate and have a dismal prognosis (162).

Primary prostatic lymphoma without lymph node involvement appears to be much less common than secondary infiltration of the prostate ( 163). Most reported 
lymphomas have been of the large cell and small cleaved-cell types with a diffuse pattern. Lymphomas with a nodular pattern involving the prostate are seen 
infrequently. The entire spectrum of malignant lymphomas seen at other sites may become manifest in the prostate, including undifferentiated lymphomas, angiotropic 
lymphomas, Hodgkin's lymphoma, myelomas, and T-cell lymphomas, as well as a case of pseudolymphoma (164,165 and 166). Malignant lymphoma involving the 
prostate appears to carry a poor prognosis regardless of patient age, stage at presentation, histologic classification (with the exception of small lymphocytic 
lymphoma), or treatment regimen. The poor prognosis of prostatic lymphoma is related to the generalized disease that eventually results rather than to prostatic 
involvement.

The most common form of leukemic involvement of the prostate is that of chronic lymphocytic leukemia (small lymphocytic lymphoma), although monocytic, 
granulocytic, and lymphoblastic leukemias have also been described in the prostate ( 167). Most patients are known leukemics or have the diagnosis established at 
the time of assessment for urinary symptoms. It is often unclear whether the prostatic leukemic infiltrate in chronic lymphocytic leukemia is an incidental finding in 
patients with BPH or the cause of their obstructive symptoms. Men with chronic lymphocytic leukemia involving the pelvic lymph nodes or the prostate may have an 
indolent course and still benefit from radical prostatectomy ( 168).

Excluding hematopoietic neoplasms, the prostate even at autopsy is rarely involved by metastatic tumor. Metastases from malignant melanoma and carcinoma of the 
lung predominate (169).

TREATMENT CHANGES IN THE PROSTATE

Radiation

Radiation changes in the prostate are usually seen in patients who have been irradiated for adenocarcinoma of the prostate ( 170). The prostate may also be affected 
when radiotherapy is administered to the bladder for transitional cell carcinoma.

Radiation atypia alters the cytology of prostatic epithelium with relative sparing of the overall glandular architecture. Radiated adenocarcinoma of the prostate may 
show a decrease in the number of neoplastic glands or no recognizable difference from nonradiated cancer. Radiation atypia in benign glands can be distinguished 
from carcinoma in difficult cases with the help of basal cell specific antibodies, such as high-molecular-weight cytokeratin. These antibodies can demonstrate the 
presence of a basal cell layer in benign glands with radiation effect ( 171). Carcinoma, when present in a biopsy performed 12 to 18 months after radiotherapy, is a 
powerful predictor of local or distant postradiation failure ( 172). Some studies have demonstrated that the morphologic appearance of the cancer after radiotherapy 
correlates with prognosis (173).

Hormonal Therapy

Within the last few years, some urologists have treated men with combination endocrine therapy consisting of a luteinizing hormone releasing hormone agonist and 
flutamide before radical prostatectomy (174,175,176,177,178 and 179). The histology of the normal and neoplastic tissue may be significantly altered with this 
therapy, making the assessment of these specimens difficult. The major effects of combination endocrine therapy on benign prostate tissue are the presence of 
atrophic changes with immature squamous and transitional cell metaplasia and basal cell hyperplasia ( 180,181,182,183,184 and 185). Histologically, the changes 
seen in adenocarcinoma are more problematic, in which the altered cancer glands can resemble benign atrophy, histiocytes, or inflammation ( 180,181,182,183,184 
and 185). These altered epithelial cells retain their keratin immunoreactivity. In a few cases, we have not been able to identify residual carcinoma after combined 
endocrine therapy. When signing out these cases, we state that although no residual carcinoma is seen, the identification of carcinoma after combined endocrine 
therapy may be extremely difficult, and we cannot entirely exclude the possibility of a residual tumor. One of the problems with evaluating carcinomas that have been 
treated with hormone therapy is that the grade often appears artifactually higher. Evidence to support that the apparently higher grade is artifactual comes from 
evaluation of the prehormone therapy needle biopsies, which often appear lower grade. Furthermore, the treated cancers are predominantly diploid and have low 
proliferation rates. There is controversy as to whether pathologists can accurately grade treated cancers taking into account the hormone effect. The majority of 
investigators believes that treated carcinomas cannot be assigned an accurate Gleason grade. However, if there are other areas of the tumor that do not show a 
pronounced hormone effect, then these areas can be Gleason graded.



PREDICTIVE FACTORS

Pathologists are currently called on to address two markers for clinical patient management ( 186). These are DNA ploidy and microvessel density as a measure of 
neoangiogenesis. Although most studies have shown that ploidy correlates with pathologic stage and tumor behavior, there are conflicting studies as to whether 
ploidy offers independent prognostic information beyond that of routinely measured parameters. Consequently, ploidy is not currently recommended for routine clinical 
use (187,188). One situation in which there is evidence that ploidy may be of prognostic importance, is in patients undergoing radical prostatectomy who have nodal 
metastases. Some studies have demonstrated that patients who have undergone radical prostatectomy with positive nodes, who have diploid tumors, do significantly 
better than patients with nondiploid tumors (189). There have been two studies from the group at Albany showing that ploidy results on the needle biopsy 
independently predict tumor upgrading in the corresponding radical prostatectomy specimen and postradical prostatectomy recurrence ( 190,191). However, in a more 
recent joint study with the same group of investigators at Albany, we found that, in the setting of accurate Gleason grading of the needle biopsies, ploidy does not 
provide additional staging or grading prognostic information in the radical prostatectomy specimen ( 192). Consequently, the role of ploidy on needle biopsy may be to 
provide prognostic information in situations in which an individual questions accuracy of the grade assigned to the cancer on needle biopsy.

Many, although not all, studies have demonstrated that quantitation of the microvascular density within prostate cancer is prognostic ( 186,193). There are conflicting 
studies as to whether microvessel density characterized on needle biopsy is predictive of pathologic stage ( 194,195).

There has been a tremendous proliferation of other putative prostate cancer biomarkers in recent years ( 186). The vast majority of these markers is experimental, with 
relatively few studies on a limited number of patients. Even the better prognostic attributes are limited by technical difficulty, lack of standardization, poor 
reproducibility, and little overall added performance to that of standard available parameters, such as grade, serum PSA levels, clinical stage, pathologic stage, and 
margin status. Nonetheless, the future holds many possibilities, with physicians having the responsibility for the rational use of new technology in a cost-effective 
manner.
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INTRODUCTION

During the past 10 years, it has become increasingly apparent that by combining the pretreatment serum prostate-specific antigen (PSA), biopsy Gleason score, and 
the American Joint Commission on Cancer Staging (AJCC) T stage, a reliable prediction of pathologic stage can be made preoperatively ( 1). Although patients with 
pathologically organ-confined prostate cancer at the time of radical prostatectomy (RP) are the most likely to achieve long-term disease-specific survival, patients with 
microscopic extracapsular extension (ECE), established ECE, and seminal vesicle involvement are less likely to remain disease free. Patients in the worse prognostic 
category are those with positive pelvic lymph nodes ( 2). Yet within each prognostic group, there are those patients who are long-term survivors and those who die of 
prostate cancer. The ideal outcome predictor of the pretreatment clinical predictors would be cause-specific survival (CSS), but follow-up times of databases in this 
era of PSA diagnosis are too short to critically evaluate this important end point. Therefore, as an intermediate end point, PSA failure-free survival is evaluated.

The method used to define PSA failure-free survival is the methodology of combined-modality staging. This methodology has been previously defined ( 3) as a 
technique for identifying “the least common denominator” of clinical factors needed to optimize the prediction of posttherapy outcome. The methodology uses a 
multivariable analysis whose strength is to eliminate clinical predictors that reproduce information about posttherapy outcome already provided by the established 
clinical indicators (i.e., PSA, biopsy Gleason score, and the AJCC clinical T stage). Using this methodology, when a new test becomes available, the predictive value 
of the test can be evaluated in conjunction with the currently established prognostic factors to see whether new information about posttherapy outcome is provided by 
the test.

PROSTATE-SPECIFIC ANTIGEN, BIOPSY GLEASON SCORE, AND 1992 AMERICAN JOINT COMMISSION ON CANCER STAGING 
CLINICAL STAGE FOR PREDICTING PROSTATE-SPECIFIC ANTIGEN OUTCOME

Using a combined-modality staging approach, three risk groups for postoperative or postradiation PSA failure can be established from a review of the literature 
(4,5,6,7,8,9,10,11,12,13,14,15,16 and 17) in patients with clinically localized disease and are based on the known prognostic factors: PSA, biopsy Gleason score, and 
1992 AJCC T stage.

Low risk: higher than 85% 5-year PSA failure-free survival

1992 AJCC clinical stage T1c,2a, PSA of 10 ng per mL or less, and biopsy Gleason score of 6 or less

Intermediate risk: approximately 50% 5-year PSA failure-free survival

1992 AJCC clinical stage T2b, or PSA higher than 10 but no more than 20 ng per mL, or biopsy Gleason score 7

High risk: approximately 33% 5-year PSA failure-free survival

1992 AJCC stage T2c disease, or PSA higher than 20 ng per mL, or biopsy Gleason score of 8 or higher

Patients presenting with bladder outlet obstructive symptoms and being diagnosed on the basis of a transurethral resection of the prostate are becoming less common 
but would be grouped as low risk if T1a and intermediate risk if T1b.

Figure 18-1 and Figure 18-2 display the estimates of PSA failure-free survival for 888 patients managed with a radical retropubic prostatectomy at the Hospital of the 
University of Pennsylvania (HUP) and 766 patients managed using conformal external beam radiation therapy (RT) at the Joint Center for Radiation Therapy (JCRT) 
at Harvard Medical School, using the risk stratification scheme defined earlier. The median follow-up for the surgically and radiation-managed patients was 38 (range, 
8 to 100) months and 38 (range, 8 to 75) months, respectively.

FIGURE 18-1. Biochemical no evidence of disease (bNED) as a function of a risk group for 888 surgically managed patients at the Hospital of the University of 
Pennsylvania.



FIGURE 18-2. Biochemical no evidence of disease (bNED) as a function of a risk group for 766 radiation-managed patients at the Joint Center for Radiation Therapy.

Recently, a multiinstitutional pooled analysis of 1,607 men with clinical stage T1b,2NXM0 prostate cancer was performed by Shipley and colleagues ( 18), providing 
further validation of the ability of the pretreatment PSA level to predict PSA outcome after radical external beam RT, as shown in Figure 18-3. Specifically, 81%, 68%, 
51%, and 31% of patients with a pretreatment PSA level less than 10 ng per mL, greater than or equal to 10 to 20 ng per mL, greater than or equal to 20 to 30 ng per 
mL, and greater than or equal to 30 ng per mL were estimated using a Kaplan-Meier analysis to be PSA failure free at 5 years, using the American Society for 
Therapeutic Radiology and Oncology consensus definition for PSA failure after RT.

FIGURE 18-3. Multiinstitutional pooled analysis of the estimated prostate-specific antigen (PSA) failure-free survival (% progression free) after radical external beam 
radiation therapy stratified by the pretreatment PSA level. Nx, clinical node negative.

It is clear from these figures that the majority of low-risk patients is doing well at 5 years after RP or external beam RT. Conversely, most patients with high-risk but 
clinically localized disease are estimated to have failed biochemically by 5 years. Therefore, just on the basis of PSA, biopsy Gleason score, and AJCC clinical T 
stage, it is fair to say that most low-risk patients are unlikely to require more than local therapy for potential cure, whereas high-risk patients are unlikely to remain 
disease free after only local therapy. A more difficult group about which to make definitive statements regarding potential cure after local therapy is in the 
intermediate-risk population, in that a little more than half of these patients remain PSA failure free by 5 years. In this risk group, the ability of several clinical 
parameters has been evaluated to assess whether a clinically significant stratification of PSA failure-free survival can be obtained. The first parameter that is explored 
is the percent of positive prostate biopsies.

INTERMEDIATE RISK GROUP: THE ROLE OF PERCENT-POSITIVE BIOPSIES IN PREDICTING PROSTATE-SPECIFIC ANTIGEN 
OUTCOME

The fraction of prostate biopsies found to contain prostate cancer is information that is readily available for all patients with PSA-detected or clinically palpable 
prostate cancer. Studies investigating the ability of the fraction of positive prostate biopsies ×100 (percent-positive biopsies) to predict pathologic end points after RP 
suggest a role for this clinical factor in predicting tumor volume ( 19), ECE (20,21), seminal vesicle invasion (SVI) (22), lymph node involvement (23), and the percent 
Gleason grades 4 and 5 disease in the RP specimen (24). Whether the percent of positive prostate biopsies provides information in addition to that already embodied 
in the known prognostic factors in predicting PSA control after RP has been recently elucidated.

Several investigators have attempted to establish whether the number of biopsies containing adenocarcinoma provides further information about PSA outcome after 
RP. In particular, Presti and colleagues ( 25) performed a Cox regression multivariable analysis evaluating the clinical use of the fraction of systematic biopsies (1 to 3 
vs. 4 to 6), pretreatment PSA level (less than or equal to 20 ng per mL vs. greater than 20 ng per mL), and biopsy Gleason score (2 to 6 vs. 7 to 10) to predict time to 
postoperative PSA failure. They had 109 patients in their analysis and used two consecutive rises in PSA greater than 0.1 ng per mL as the definition of PSA failure. 
They found that both the biopsy Gleason score and fraction of systematic biopsies were predictive of PSA outcome after RP. In addition, Huland and colleagues ( 26) 
recently reported on 318 consecutive patients treated using RP for localized prostate cancer. In their multivariable analysis, performed after a median follow-up of 42 
months, they found the number of biopsies with predominant grade 4 or 5 disease, followed by the number of positive biopsies and the pretreatment PSA level, were 
the significant independent predictors of time to postoperative PSA failure.

To provide clinical use, D'Amico and colleagues evaluated the percent-positive biopsies within the previously established risk group categorization based on the 
pretreatment PSA, biopsy Gleason score, and 1992 AJCC clinical T-stage. They also defined a specific categorization of the percent-positive biopsy data for 
evaluation before their analysis to provide ease in clinical application. The categorization selected corresponded to 1 to 2 (less than 34%), 3 (34% to 50%), or 4 to 6 
(greater than 50%) positive biopsies in the case of a standard sextant sampling. When analyzed in this manner, the percent-positive biopsy data were found to be an 
independent predictor of time to PSA failure after RP, after controlling for the previously defined risk stratification schema based on the known prognostic factors ( 27). 
The stratification of PSA outcome after RP provided by the percent-positive biopsies was also clinically significant in that, for the study and the validation cohorts, the 
vast majority (78% to 80%) of the intermediate-risk patients could be categorized into a high- or low-risk category for PSA outcome after RP. That result translated into 
a marked improvement in the physician's ability to counsel patients in the intermediate-risk category regarding outcome after RP. Specifically, Figure 18-4 and Figure 
18-5 show the clinically relevant stratification obtained using the percent-positive biopsy parameter in the intermediate-risk patients for the study and validation 
cohorts.

FIGURE 18-4. Estimated biochemical no evidence of disease (bNED) for intermediate-risk patients managed using radical prostatectomy at the Hospital of the 



University of Pennsylvania stratified by the percent-positive biopsies.

FIGURE 18-5. Biochemical no evidence of disease (bNED) for intermediate-risk patients managed using radical prostatectomy at the Brigham and Women's Hospital 
stratified by the percent-positive biopsies.

Recently, the percent of positive prostate biopsies has also been shown to provide information in addition to that already embodied in the known prognostic factors in 
predicting PSA control after external beam RT (28). Specifically, 473 men treated using three-dimensional conformal external beam RT at the JCRT between 1989 
and 1998 who had PSA-detected or clinically palpable prostate cancer comprised the study population. Random sextant biopsies were obtained in 301 (64%) of the 
study patients. The remaining 36% of patients had less than six (18%) or more than six (18%) biopsies. Specifically, 60 (12%), 28 (6%), 33 (7%), 27 (6%), 10 (2%), 
and 14 (3%) patients had four, five, seven, eight, nine, and ten or more biopsies obtained, respectively. Figure 18-6 illustrates the ability of the previously described 
risk group system 4 that was based on the pretreatment PSA level, biopsy Gleason score, and 1992 AJCC clinical T stage to stratify patients according to PSA 
outcome. Specifically, 5 years after RT, 91%, 62%, and 43% of low-, intermediate-, and high-risk patients, respectively, had not experienced PSA failure as defined by 
the American Society for Therapeutic Radiology and Oncology consensus panel. All pairwise comparisons were significant, with a p value less than or equal to .001.

FIGURE 18-6. Biochemical no evidence of disease (bNED) for intermediate-risk patients managed using external beam radiation therapy at the Joint Center for 
Radiation Therapy stratified by the percent-positive biopsies. Int, intermediate.

Figure 18-7 illustrates the clinically relevant stratification provided by the percent-positive biopsies information in the previously defined intermediate-risk group based 
on the pretreatment PSA level, biopsy Gleason score, and the 1992 AJCC clinical T stage. Specifically, patients in the intermediate-risk subgroups that also had less 
than 34% of the biopsies positive improved their risk stratification for PSA outcome by one category to low risk. Conversely, patients with greater than 50% positive 
biopsies performed less well than expected and comparable to the high-risk patients.

FIGURE 18-7. Prostate-specific antigen (PSA) outcome after external beam radiation therapy stratified using the risk group system that was based on the 
pretreatment PSA level, biopsy Gleason score, and 1992 American Joint Commission on Cancer Staging clinical T stage. bNED, biochemical no evidence of disease.

Of particular importance, however, is that the majority of patients (158 of 207, 76%) in the intermediate-risk group could be classified into a 30% or 85% 5-year PSA 
control high- or low-risk cohort, respectively, using the preoperative prostate biopsy data. Therefore, of the 473 study patients, all but 49 (10%) were classified into 
high- or low-risk groups regarding PSA outcome after RT, using the percent-positive prostate biopsies, PSA level, biopsy Gleason score, and the 1992 AJCC clinical 
T stage.

Therefore, the percent of positive prostate biopsies is information that is routinely available on newly diagnosed prostate cancer patients. This information has been 
previously shown in RP-managed patients ( 27) and has also recently been shown in RT-managed patients to provide a clinically significant improvement in predicting 
PSA outcome in intermediate-risk patients, in whom improved outcome prediction is most needed. Therefore, the percent-positive prostate biopsies should be 
considered in conjunction with the PSA level, biopsy Gleason score, and 1992 AJCC clinical T stage when counseling patients with newly diagnosed and clinically 
localized prostate cancer about PSA outcome after RP or RT.

ROLE OF ENDORECTAL COIL MAGNETIC RESONANCE IMAGING IN PREDICTING PROSTATE-SPECIFIC ANTIGEN OUTCOME

The reliability of the endorectal coil magnetic resonance imaging (erMRI) to predict pathologic stage has been shown to be related to the technique and experience 
level of the individual MR radiologist ( 29). In experienced hands and select patients, the erMRI scan has been shown to have an accuracy of approximately 80% 
(30,31) in predicting pathologic stage. A detailed examination of the clinical use of erMRI in predicting time to PSA failure after RP in 1,025 consecutive men with 
clinically localized or PSA-detected prostate cancer was performed by D'Amico and colleagues ( 32) after controlling for the PSA level, biopsy Gleason score, 1992 
AJCC clinical T stage, and percent-positive biopsies. A prospective evaluation using a Cox regression time to PSA failure analysis was performed to evaluate the role 
of erMRI in predicting PSA outcome after RP at an academic institution, in which an expert prostate MR radiologist is located. The main outcome measure was 



actuarial biochemical no evidence of disease (bNED). The erMRI did not add clinically meaningful information for the vast majority of the patients (834 of 1,025; 81%) 
after accounting for the prognostic value of the PSA level, biopsy Gleason score, clinical T stage, and the percent-positive biopsies. In the remaining 191 patients, 
who were in the intermediate-risk group based on the established prognostic factors (PSA, biopsy Gleason score, AJCC clinical T stage, and percent-positive 
biopsies), the erMRI provided a clinically and statistically relevant stratification of 5-year PSA outcome. Specifically, the relative risk of PSA failure was 3.6 (95% 
confidence interval, 2.0 to 6.3) in patients whose erMRI was read as having extracapsular, as opposed to organ-confined, disease, and the 5-year bNED rate was 
33% versus 72% (p <.0001), respectively, as shown in Figure 18-8. Despite expert MR radiologic interpretation, the erMRI was found to be of potential clinical value 
in fewer than 20% of the cases in this study after accounting for the established prognostic factors. Although further study on the value of erMRI in predicting clinical 
outcome after RP should be performed in this select cohort, the routine use of erMRI cannot be justified on the basis of these data.

FIGURE 18-8. Biochemical no evidence of disease (bNED) for intermediate-risk patients stratified by the endorectal coil magnetic resonance (MR) imaging stage.

NOMOGRAMS FOR PROSTATE-SPECIFIC ANTIGEN FAILURE-FREE SURVIVAL BASED ON PRETREATMENT CLINICAL FACTORS

Using the pretreatment PSA level, biopsy Gleason score, and 1992 AJCC clinical T stage, Partin and colleagues ( 1) have compiled tables predicting the probability of 
organ-confined, focal and established ECE, SVI, and lymph node disease using a 4,133-pooled patient database acquired between April 1982 and June 1996. 
Although useful, it has become increasingly apparent that not all patients with pathologic organ-confined disease remain without PSA failure, particularly if their 
preoperative PSA was greater than 10 ng per mL or biopsy Gleason score was at least 7 ( 13). Moreover, not all patients with established ECE or SVI fail 
biochemically within 5 years postoperatively ( 3,12). Therefore, in an attempt to more closely approximate the clinically relevant end point of survival, the reporting of 
PSA failure-free survival has been used. Specifically, Kattan and colleagues ( 33) have established a tool based on the pretreatment PSA, biopsy Gleason score, and 
1992 AJCC clinical stage to predict PSA failure-free survival at 5 years postoperatively, as shown in Figure 18-9.

FIGURE 18-9. Preoperative nomogram for estimating 5-year prostate-specific antigen (PSA) failure-free survival after radical prostatectomy.

In addition, nomograms have been derived (34) expressing 2-year PSA failure rates with 95% confidence intervals as a function of the pretreatment PSA, biopsy 
Gleason score, and 1992 AJCC clinical stage for patients undergoing RP or RT. The time point of 2 years was chosen in an attempt to identify patients with early PSA 
failure. Patients with early PSA failure have been previously shown to present with distant failure as their most common site of first failure ( 3,10) and, therefore, are 
more likely to harbor occult micrometastatic disease at the time of local therapy. Realizing that metastatic prostate cancer is currently not a curable disease, the 
finding of early PSA failure, given time, is likely to translate into a decrement in cause-specific and overall survival. The tables for 2-year PSA failure-free survival are 
shown in Table 18-1 and Table 18-2 for a group of 892 men managed with RP at the HUP and 762 men managed using three-dimensional conformal external beam 
RT at the JCRT, respectively. In addition, Table 18-3 provides the probability of PSA failure at 2 years and 95% confidence intervals stratified by the known 
prognostic factors and the percent-positive biopsy groups. Using these four clinical pretreatment parameters, more than 90% of all patients with clinically localized 
prostate cancer can be definitively stratified into high or low risk of PSA failure within 5 years of RP.

TABLE 18-1. PERCENT PROSTATE-SPECIFIC ANTIGEN (PSA) FAILURE AT 2 YEARS AND THE 95% CONFIDENCE INTERVALS STRATIFIED BY THE 
PRETREATMENT PSA, 1992 AMERICAN JOINT COMMISSION ON CANCER STAGING CLINICAL STAGE, AND THE BIOPSY GLEASON SCORE FOR THE 892 
SURGICALLY MANAGED PATIENTS AT THE HOSPITAL OF THE UNIVERSITY OF PENNSYLVANIA



TABLE 18-2. PERCENT PROSTATE-SPECIFIC ANTIGEN (PSA) FAILURE AT 2 YEARS AND THE 95% CONFIDENCE INTERVALS STRATIFIED BY THE 
PRETREATMENT PSA, 1992 AMERICAN JOINT COMMISSION ON CANCER STAGING CLINICAL STAGE, AND THE BIOPSY GLEASON SCORE FOR THE 762 
RADIATION-MANAGED PATIENTS AT THE JOINT CENTER FOR RADIATION THERAPY

TABLE 18-3. TWO-YEAR PROSTATE-SPECIFIC ANTIGEN (PSA) FAILURE PROBABILITIES (95% CONFIDENCE INTERVALS) STRATIFIED BY THE 
PRETREATMENT PSA LEVEL, 1992 AMERICAN JOINT COMMISSION ON CANCER STAGING CLINICAL T STAGE, BIOPSY GLEASON SCORE, AND THE 
PERCENT-POSITIVE BIOPSIES

Only recently has data from both the surgically ( 35) and radiation-managed (36) patients provided a connection between PSA failure after RP or RT and time to 
distant failure. Specifically, Pound and colleagues ( 35) from The Johns Hopkins Hospital showed that the predictors of time to distant failure after RP include time to 
PSA failure after RP, the PSA doubling time, and the prostatectomy Gleason score, in which less than 2 years, less than 10 months, and greater than or equal to 8, 
respectively, were more strongly associated with distant failure. Similarly, Smith and colleagues ( 36) from the M. D. Anderson Cancer Center have shown similar 
results for patients managed with RT, in which the time to PSA failure was less than 1 year, the PSA doubling time was less than 1 year, or the biopsy Gleason score 
was greater than 7.

SUMMARY

1. The ideal end point for deciding on management for a patient with clinically localized adenocarcinoma of the prostate is CSS.
2. Follow-up of mature databases in the PSA era is too short to report CSS, but accurate 5-year estimates of PSA failure-free survival after RP or RT and stratified 

by the PSA level, biopsy Gleason score, and 1992 AJCC clinical T stage are now available.
3. The combination of the pretreatment PSA, biopsy Gleason score, and 1992 AJCC T stage can select patients with clinically localized disease very likely (greater 

than 85%) (AJCC clinical stage T1c,2a, PSA less than or equal to 10 ng per mL, and biopsy Gleason score less than or equal to 6) and very unlikely (less than 
33%) (AJCC clinical stage T2c, or PSA greater than 20 ng per mL, or biopsy Gleason score greater than or equal to 8) to be without PSA failure at 5 years after 
local therapy. An intermediate group (AJCC clinical stage T2b, or PSA greater than 10 but not more than 20 ng per mL, or biopsy Gleason score 7) remains for 
which more information is needed.

4. Intermediate-risk patients with one or two cores positive of six have 5-year PSA failure-free rates equivalent to the low-risk patients. Those patients with four or 
more positive biopsies of six have an estimated 5-year PSA failure-free survival similar to the high-risk patients.

ASSESSMENT OF OUTCOME PREDICTION MODELS FOR PATIENTS WITH LOCALIZED PROSTATE CANCER MANAGED WITH 
RADICAL PROSTATECTOMY OR EXTERNAL BEAM RADIATION THERAPY

The 1992 AJCC clinical and pathologic staging systems for prostate cancer ( 37) remain the gold standards. To date, no preoperative clinical staging system has been 
able to provide reliable and reproducible information on which clinical decisions can be based before treatment, regarding the likelihood of cure after RP or external 
beam RT. Recently, several pretreatment clinical staging systems ( 1,38,39 and 40) have been proposed that combine the pretreatment PSA, biopsy Gleason score, 
and 1992 AJCC clinical stage in various ways in an attempt to optimize the prediction of time to PSA failure after external beam RT. A single study by Movsas and 
colleagues (41) at Fox Chase Cancer Center evaluated the predictive value of these various staging systems using a cohort of 421 prostate cancer patients managed 
with external beam RT. They concluded that all models were statistically significant predictors of postradiation PSA failure.

In a subsequent study by D'Amico and colleagues ( 42), the PSA outcome of 1,441 prostate cancer patients (976 treated with RP, 465 treated with external beam RT) 
was used to compare the predictive value of the proposed clinical staging systems. The requirement in that analysis was that a single model provided a statistically 
and clinically relevant stratification of PSA failure-free survival after RP or RT. The staging systems evaluated are shown below.

I. Standard paradigm: PSA (continuous)
 Biopsy Gleason score (2 to 6 vs. 7 to 10)
 Clinical stage (T1 vs. T2)
II. Risk score (continuous) for patients with either T1 or T2 disease: 1.2 loge (PSA) + 1.21 (Gleason risk)
 Gleason risk = 0 for biopsy Gleason 2 to 6
 Gleason risk = 1 for biopsy Gleason 7 to 10
III. Volume of cancer (VCa) and PSA: VCa <0.5 cm3

 VCa ³0.5 and £4.0 cm3 and PSA <10 ng per mL
 VCa ³0.5 and £4.0 cm3 and PSA ³10 ng per mL
 VCa >4.0 cm3

IV. PSA and Gleason 1: PSA £20 ng per mL and biopsy Gleason 2 to 6
 PSA £20 ng per mL and biopsy Gleason 7 to 10
 or
 PSA >20 ng per mL and biopsy Gleason 2 to 6
 PSA >20 ng per mL and biopsy Gleason 7 to 10
V. PSA and Gleason 2: PSA £4 ng per mL
 PSA >4 and £20 ng per mL and biopsy Gleason 2 to 6
 PSA >4 and £20 ng per mL and biopsy Gleason 7 to 10
 PSA >20 ng per mL



Cox regression multivariable analysis (43) was used to evaluate the ability of each staging system to predict time to posttreatment PSA failure. In surgically managed 
patients, PSA failure was defined as two consecutive detectable PSA values after a nondetectable value with the time of failure defined as the time of the first 
detectable value. A similar definition was used in radiation-managed patients with two rising PSA values after PSA nadir or a PSA nadir greater than 1 ng per mL. To 
increase the likelihood that the best staging system would be chosen, two different comparative measures were used to assess the ability of each staging system to 
predict time to posttherapy PSA failure. In particular, Akaike's Information Criterion (AIC) ( 44) and the Schwartz Bayesian Criterion (SBC) (45) estimates and their 
standard deviations were calculated for each clinical staging system using each data set. A smaller numeric value of the AIC or SBC estimates suggested an 
improved ability of the staging system to predict time to posttherapy PSA failure. The numeric difference between the AIC and SBC estimates for two most-predictive 
staging systems was then further tested to ascertain whether the numeric difference was large enough to be statistically significantly different. This analysis involved 
pairwise comparisons of the AIC and SBC estimates for the two staging systems, using a formal bootstrap technique ( 46) with 2,000 replications that were used to 
evaluate the relative ability of the two clinical staging systems to predict time to posttherapy PSA failure.

The results of this analysis concluded that both the staging system, based on the risk score, and calculated volume of prostate cancer (cV Ca) optimized the prediction 
of time to posttherapy PSA failure after RP or RT. The cVCa system, however, provided a more clinically useful stratification of PSA outcome, in that a distinct group of 
men estimated to be at a very low (less than 15%) or very high risk (greater than 67%) of post-RP or post-RT PSA failure by 4 years could be defined.

The cVCa clinical staging system was also compared to the 1992 AJCC pathologic stage for surgically managed patients by the same investigators using a surgical 
database (Brigham and Women's Hospital) that was independent of the surgical database (HUP) used to establish the cV Ca staging system. The results of that study 
found that the 1992 AJCC pathologic stage and the cV Ca-PSA clinical stage were significant predictors of time to postoperative PSA failure ( p = .0001) using a Cox 
regression analysis. Further analyses using the AIC and SBC comparative measures of the 1992 AJCC pathologic stage and cV Ca-PSA clinical stage ability to predict 
postoperative PSA failure found the cVCa-PSA staging system to provide a more clinically useful prediction of time to postoperative PSA failure. Specifically, the 
cVCa-PSA staging system was able to identify surgically managed patients with pathologic AJCC stage T2 disease who did poorly (3-year freedom from PSA failure = 
22%).

In summary, the clinical staging system based on the cVCa provided a clinically and statistically useful stratification of PSA outcome after RP or external beam RT. 
Lankford and colleagues at M. D. Anderson Cancer Center have documented the ability of the cV Ca to stratify PSA outcome in radiation-managed patients with a 
pretreatment PSA between 4 and 20 ng per mL in a statistically superior fashion to the PSA level, PSA density, biopsy Gleason score, and prostatic acid phosphatase 
(47). Validation studies by other investigators are under way.

PROSTATE-SPECIFIC ANTIGEN OUTCOME AFTER RADICAL PROSTATECTOMY, EXTERNAL BEAM RADIATION THERAPY, OR 
INTERSTITIAL RADIATION THERAPY FOR CLINICALLY LOCALIZED PROSTATE CANCER USING COMBINED-MODALITY STAGING

Recommendations for treatment of clinically localized adenocarcinoma of the prostate should be made using the results of evidence-based medicine. To date, there 
are no completed prospective randomized trials comparing definitive local treatment options for this disease. Retrospective comparisons ( 48,49) stratified by the 
known prognostic factors and using actuarial analyses have been published comparing RP to external beam RT. However, a direct comparison of the results of 
ultrasound-guided interstitial prostate RT with or without neoadjuvant androgen-deprivation therapy to RP or RT stratified by the pretreatment prognostic factors using 
the combined modality staging approach outlined here has not been previously reported.

Table 18-4 lists the p values from the Cox regression multivariable analyses evaluating the effect of the treatment type on time to posttherapy PSA failure stratified by 
risk group. The relative risks of PSA failure with a 95% confidence interval are also listed. No significant difference ( p ³.25) in outcome was noted in low-risk patients 
(T1c,2a and PSA less than or equal to 10 and Gleason less than or equal to 6) across all treatment modalities. The 95% confidence intervals for the relative risk of 
PSA failure for those patients managed with RT or implant with or without neoadjuvant androgen-deprivation therapy, compared to RP, included a relative risk of 1.0. 
High-risk patients (T2c, PSA greater than 20, or Gleason greater than or equal to 8), however, treated using RP or RT, did significantly better ( p £.012) than those 
managed with implant with or without neoadjuvant androgen deprivation. Specifically, high-risk patients managed with implant therapy had at least a 2.2-fold 
increased risk of PSA failure compared to those treated with RP, even if neoadjuvant androgen-deprivation therapy was used. Intermediate-risk patients (T2b, 
Gleason 7, or PSA greater than 10 and less than or equal to 20) did significantly worse ( p £.003) if managed by implant alone but fared equivalently ( p = .18) to those 
patients managed with RP if a median of 3 months of androgen deprivation was also administered. Intermediate-risk patients, managed with implant therapy alone, 
had a 3.1-fold increased risk of PSA failure compared to those patients managed with RP.

TABLE 18-4. P VALUES FROM THE COX REGRESSION ANALYSES EVALUATING THE ABILITY OF A TREATMENT MODALITY TO PREDICT THE TIME TO 
POSTTHERAPY PROSTATE-SPECIFIC ANTIGEN FAILURE, STRATIFIED BY RISK GROUP

For the purpose of illustration, estimates of bNED outcome with pairwise p values evaluating the comparisons between treatment types were calculated using the 
actuarial method of Kaplan and Meier (50) and are graphically displayed by risk group in Figure 18-10, Figure 18-11, and Figure 18-12. The use of the 
combined-modality staging methodology can be appreciated here, where randomized data on outcome after various treatments are lacking. Yet, when controlling for 
the known prognostic factors (PSA, biopsy Gleason score, and AJCC T stage), implant therapy alone appears to be inferior to RP or RT in patients with PSA greater 
than 10 ng per mL, biopsy Gleason score greater than or equal to 7, or 1992 AJCC clinical stage greater than or equal to T2b.

FIGURE 18-10. Biochemical no evidence of disease (bNED) outcome for low-risk patients stratified by treatment modality. All pairwise p values are >.25. RP, radical 
prostatectomy; RT, radiation therapy.



FIGURE 18-11. Biochemical no evidence of disease (bNED) outcome for intermediate-risk patients. Pairwise p values: radical prostatectomy (RP) vs. radiation 
therapy (RT), .26; RP vs. implant + androgen ablation, .18; RP vs. implant, .003; RT vs. implant + androgen ablation, .009; RT vs. implant, .0002; and implant + 
androgen ablation vs. implant, .14.

FIGURE 18-12. Biochemical no evidence of disease (bNED) outcome for high-risk patients. Pair-wise p values: radical prostatectomy (RP) vs. radiation therapy (RT), 
.25; RP vs. implant + androgen ablation, .012; RP vs. implant, .0005; RT vs. implant + androgen ablation, .0007; RT vs. implant, <.0001; and implant + androgen 
ablation vs. implant, .41.

SUMMARY

1. Low-risk patients had equivalent estimates of 5 years' bNED outcome after treatment with RP, RT, or implant with or without neoadjuvant androgen deprivation.
2. Intermediate- and high-risk patients treated with RP or RT did statistically better than those treated by implant.
3. Whether the use of 3 months of neoadjuvant androgen-suppression therapy before implant therapy in intermediate-risk patients produces equivalent clinical 

control rates to RP or RT requires longer follow-up to ascertain.
4. Prospective randomized trials are needed to verify these findings.

COMBINED-MODALITY STAGING USING THE PREOPERATIVE PROSTATE-SPECIFIC ANTIGEN LEVEL AND POSTOPERATIVE 
PATHOLOGIC FINDINGS TO PREDICT PROSTATE-SPECIFIC ANTIGEN OUTCOME IN MEN WITH CLINICALLY LOCALIZED PROSTATE 
CANCER

Time to Prostate-Specific Antigen Failure Analyses

Using the methodology of combined-modality staging, a Cox regression analysis was performed on 862 surgically managed patients at HUP evaluating the ability of 
the preoperative PSA, pathologic Gleason score, pathologic stage, and pathologic margin status to predict time to postoperative PSA failure ( 51). Results from the 
Cox regression multivariable analysis confirmed the independent prognostic significance of the preoperative PSA ( p = .0001), pathologic stage (p £.002), 
prostatectomy Gleason score (p = .034), and margin status (p = .0001) in predicting time to postoperative PSA failure.

Postoperative Prostate-Specific Antigen Failure Stratified by Prostate-Specific Antigen and Pathologic Data

Table 18-5 is a compilation of the 2-year PSA failure rates and the respective 95% confidence intervals stratified by preoperative PSA group (less than or equal to 4, 
greater than or equal to 4 to 10, greater than or equal to 10 to 20, greater than 20 ng per mL), prostatectomy Gleason score (2 to 4, 5 to 6, 7, and 8 to 10), and 
pathologic stage (organ confined and margin negative, organ confined and margin positive, focal ECE and margin negative, focal ECE and margin positive, 
established ECE and margin negative, established ECE and margin positive, SVI and margin negative, and SVI and margin positive). Two-year PSA failure rates 
ranged from 4% to 25% in men with pathologic organ-confined disease. Conversely, 59% to 99% of men with SVI and positive surgical margins sustained PSA failure 
by 2 years postoperatively.

TABLE 18-5. PERCENT PROSTATE-SPECIFIC ANTIGEN (PSA) FAILURE AT 2 YEARS AND THE 95% CONFIDENCE INTERVALS STRATIFIED BY THE 
PREOPERATIVE PSA, PATHOLOGIC STAGE, PROSTATECTOMY GLEASON SCORE, AND MARGIN STATUS

In a previous study by Partin and colleagues ( 10), it was suggested that early postoperative PSA failure translated into distant failure as a site of first failure in the 
majority of patients. This finding was further supported by Cadeddu and colleagues ( 52), who showed that the ability of postprostatectomy external beam RT to cause 
a rising postoperative PSA to become undetectable decreased dramatically as the interval to postoperative PSA failure shortened. In particular, only 6% of patients 
responded if PSA failure occurred within the first postoperative year, supporting the existence of micrometastatic disease outside the surgical bed. Therefore, the 
2-year PSA failure probabilities presented in Table 18-5 could be used to select patients at high risk for harboring occult micrometastatic disease. In an attempt to 
improve cure rates in these select men, entry into postoperative adjuvant therapy trials would be an option.

Kattan and colleagues (53) have also performed a similar analysis on 996 patients with clinical stage T1a to T3c prostate cancer managed using an RP at the Baylor 



College of Medicine between 1983 and 1997. In their patient cohort with a median follow-up of 37 (1 to 168) months, a nomogram was defined, as shown on Figure 
18-13, to predict the 7-year recurrence-free probability as a function of the preoperative PSA, prostatectomy Gleason score, pathologic T and N stage, extent of 
capsular invasion, and margin status. What remains to be done is the execution and analysis of adjuvant therapy clinical trials using the results provided by such 
nomograms to identify the patients in need of systemic therapy to improve their chance of long-term disease-free survival.

FIGURE 18-13. Postoperative nomogram for estimating the 7-year freedom from prostate-specific antigen (PSA) failure after radical prostatectomy. Cap, capsule; Inv, 
invasion; Prob, probability; Ves, vesicle.

COMBINED-MODALITY STAGING USING POSTOPERATIVE PROSTATE-SPECIFIC ANTIGEN KINETICS AND THE PROSTATECTOMY 
GLEASON SCORE TO PREDICT PROSTATE-SPECIFIC ANTIGEN OUTCOME IN MEN WITH CLINICALLY LOCALIZED PROSTATE 
CANCER

An analysis of 1,997 patients with clinical stage T1 and -2 prostate cancer, managed with an RP by Dr. Patrick Walsh at The Johns Hopkins University, was 
performed to aid in counseling patients after RP as to the likelihood of remaining without evidence of metastatic disease after RP ( 34). They performed a multivariable 
analysis and found that the prostatectomy Gleason score (less than or equal to 7 vs. greater than or equal to 8), PSA doubling time (less than or equal to 10 months 
vs. greater than or equal to 10 months), and the time to postoperative PSA failure (less than or equal to 2 years vs. greater than 2 years) were predictive of distant 
failure. Specifically, for men with all three of these factors, 82% remained without evidence of metastatic disease at 7 years after PSA failure. Time to distant failure 
was the only predictor of CSS. Specifically, the median survival for men who developed distant disease within 3 years, 4 to 7 years, or greater than 7 years 
postoperatively was 4, 5, and greater than 5 years (not reached at median follow-up of 5.3 years) after the documentation of distant disease, respectively.

SUMMARY

1. Using combined-modality staging, patients at high risk for early (less than 2 years) postoperative PSA failure can be identified and offered adjuvant systemic 
therapy (e.g., hormonal or chemohormonal therapy) in the setting of a clinical trial.

2. Patients with at least a 50% chance of PSA failure within 2 years postoperatively were generally those with 
a. SVI independent of the margin status
b. Established ECE with a positive margin
c. Established ECE with a negative margin and a preoperative PSA greater than 20 ng per mL
d. Established ECE with a negative margin and a PSA greater than 10 ng per mL but not more than 20 ng per mL and a prostatectomy Gleason score greater 

than or equal to 8
e. Focal ECE and a positive margin and a preoperative PSA greater than 20 ng per mL

3. A prostatectomy Gleason score greater than or equal 8, time to PSA failure less than or equal to 2 years after RP, and a PSA doubling time less than or equal to 
10 months are predictive of the probability and the time to distant failure, whereas the time to distant failure is a predictor of time to death from prostate cancer.
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INTRODUCTION

There has been a dramatic rise in the incidence of prostate cancer over the past decade, making it the most common malignancy, with the exception of skin cancers, 
in American men. Although an increased understanding of the underlying pathophysiology has made it possible to make significant advances in the diagnosis, 
pretreatment evaluation, and treatment of this disease, significant gaps in knowledge remain. As a result, clinical management of prostate cancer is one of the most 
controversial areas in modern medicine with uncertainty regarding the feasibility of cancer screening, choice of diagnostic tests for pretreatment evaluation, and 
appropriateness of treatment selection. Efforts to reduce treatment morbidity have led to a heightened demand for patient-specific and disease-targeted therapy. 
Achievement of this goal depends not only on clinical and laboratory information, but also on knowledge of cancer prognostic parameters, such as tumor location, 
volume, extent, and biologic behavior (aggressiveness).

At present, there are several major obstacles to optimal clinical management of prostate cancer. The first is related to cancer detection, location, and estimate of 
volume. In addition, there is a lack of reliable noninvasive tests to assess local and metastatic tumor extent. The stage of the disease at the time of diagnosis is an 
objective measure of tumor extent and an important consideration as a treatment and prognostic factor. Third, it is not now possible to differentiate indolent from 
aggressive disease. A unique and one of the most important characteristics of prostate cancer is its variability in biologic aggressiveness. Although a number of 
clinical tumor prognostic factors [e.g., patient age, prostate-specific antigen (PSA) level, and tumor grade and stage] can generally be used to predict disease at either 
end of the spectrum, most cancers fall into an intermediate range, in which it is difficult to distinguish with certainty those cancers likely to progress from those with a 
more indolent course (1,2). Therefore, there continues to be an intense debate about the ability to accurately assign patients to appropriate risk and treatment 
categories using currently available diagnostic methods ( 3). With diagnostic imaging, it is possible to assess tumor location and extent, important information in 
patient management. Although much progress in imaging has been made in the last decade, and imaging guidelines for the use of computed tomography (CT) and 
bone scanning have been developed, the use of imaging has been random and both over- and underused ( 4). Whether this is due to lack of communication among 
specialists, slow dissemination of knowledge, or difficulty in changing the old habits is not clear.

One of the most pressing needs in advancing the treatment of prostate cancer is the development of new and more powerful tumor prognostic factors, as well as a 
better understanding of how to use them and how to incorporate already available diagnostic imaging tests.

CLASSIFICATION AND STAGING

Two classification systems, the tumor-node-metastasis (TNM) and the Jewett-Whitmore systems, have been used to evaluate local and distant extent of disease for 
the staging of prostate cancer (5,6) (Table 19-1). For local staging, diagnostic tests must differentiate between disease confined to the prostate (stages T-T2) from 
locally invasive disease extending beyond the prostatic capsule (stage T3) ( Table 19-2). Additional tests may be necessary to detect metastatic disease to lymph 
nodes (stages N1-3) or distant organs (stage M1). Identification of metastasis is important, because the prognosis for patients with metastatic disease is not good. 
Data from one study indicate that approximately 46% of patients with metastatic disease died within 22 months of diagnosis, whereas disease progression occurred in 
only 10% of patients who did not have lymph node metastases (7). Even in the absence of identifiable metastatic disease, extraprostatic spread of cancer 
[extracapsular extension (ECE) or seminal vesicle invasion (SVI)] is a poor prognostic indicator, owing to the increased likelihood of occult metastases. It is well 
documented that lymph node metastases occur more frequently with increasing local stage and decreasing tumor differentiation ( 8,9).

TABLE 19-1. ADENOCARCINOMA OF THE PROSTATE: JEWETT-WHITMORE AND TUMOR-NODE-METASTASIS (TNM) STAGING SYSTEMS

TABLE 19-2. TRANSRECTAL ULTRASONOGRAPHY (TRUS), MAGNETIC RESONANCE IMAGING (MRI), AND COMPUTED TOMOGRAPHY (CT) STAGING 
CRITERIA AFTER THE JEWETT-WHITMORE (J-W) AND TUMOR-NODE-METASTASIS (TNM) CLASSIFICATIONS OF PROSTATE CANCER

Clinically localized prostate cancer is confined by the prostatic capsule, whereas locally invasive disease extends beyond the prostatic capsule into the periprostatic 



fat, lymphatics, and vessels. Involvement of organs other than the prostate may occur by three different routes: direct extension, lymphatic spread, or hematogenous 
dissemination. Owing to the proximity of the prostate to the seminal vesicles and bladder base, direct extension to these organs is not uncommon. Caudally, the tumor 
rarely extends below the membranous urethra. Although direct invasion of the rectum may occasionally occur, rectal involvement is rare, and it appears that 
Denonvillier's fascia, which separates the posterior aspect of the prostate from the anterior rectal wall, serves as a barrier. The most frequent sites of lymphatic 
spread are the obturator nodes; posterior and medial chains of the external nodes; and presacral, internal iliac and common iliac nodes ( 7,10). When paraaortic nodal 
disease is present, it is always associated with pelvic lymph node involvement. It is currently thought that lymphatic and hematogenous dissemination occur 
independently. Hematogenous spread of prostate cancer usually causes osseous metastases, which most commonly involve the lumbar spine, pelvic bones, femur, 
thoracic spine, and ribs (in decreasing order of frequency). Occasionally, extradural metastases cause spinal cord compression. Less commonly, hematogenous 
spread causes visceral metastases involving the lungs, liver, and adrenal glands. Pulmonary and pleural metastases may also occur via lymphatic spread. Visceral 
metastases are rarely seen in patients with newly diagnosed prostate cancer and are uncommon, even in patients dying of the disease. Liver metastases, for 
example, are found in only approximately 20% of patients dying of disseminated prostate cancer, and lymphangitic spread to the lungs is seen in only approximately 
25% of these patients.

IMAGING STRATEGIES FOR DETECTION, DIAGNOSIS, AND STAGING

Prostate cancer screening is presently performed using digital rectal examination (DRE) and serum PSA testing. Although imaging studies do not now have a place in 
the early detection of prostate cancer, imaging does play a role in the diagnosis and evaluation of the disease. Transrectal ultrasound (TRUS) is used to guide 
biopsies of the prostate gland in patients with an abnormal DRE or elevated serum PSA level. Magnetic resonance imaging (MRI) and, particularly, combined MRI and 
three-dimensional 1H-MR spectroscopic imaging (proton 3D-1H-MRSI) can be used for patient stratification and targeted biopsies in patients with previously negative 
biopsy findings. Patients with negative biopsy findings may also be evaluated with endorectal MRI (eMRI) for classification into low-, moderate-, or high-risk groups for 
harboring cancer. In a study by Terratti and colleagues, MRI was found to have an overall accuracy of 70% and a negative predictive value (low suspicion for cancer) 
of 94.4% (11). Combining 3D-MRSI with eMRI further improves the ability to noninvasively identify cancer in a sextant location ( 12). Such information can be included 
in patient nomograms to help design patient-specific treatment protocols. For staging prostate cancer, MRI and MRI combined with MRSI are preferred for 
assessment of local disease extent, and CT and bone scintigraphy are valuable techniques for depicting distant spread of disease.

Technologic advances in imaging hardware and software continue at a rapid rate. Further improvements in imaging modalities currently used to image the prostate 
can be anticipated, with the promise of even greater diagnostic achievements. The development of new contrast media for ultrasound and MRI, the use of improved 
monoclonal antibodies specific for prostatic tissue, and metabolic imaging by magnetic resonance spectroscopy and positron emission tomography (PET) hold the 
promise of even greater diagnostic accuracy in the evaluation of prostate cancer.

ANATOMY OF THE PROSTATE GLAND

The anatomy of the prostate gland is well displayed on high-resolution cross-sectional imaging—TRUS, CT, and MRI. The display of the old anatomic descriptions of 
the lobar concept of the prostate gland division of the gland in five lobes can be referred to ( 13). More commonly used is the contemporary description, using the 
concept of zonal anatomy (14).

After the description of the zonal anatomy, three glandular regions of the prostate can be distinguished: central, peripheral, and transition zones. In young men, the 
peripheral zone occupies nearly 75% of the total volume of the prostatic gland, the central zone 25%, and the transition zone 5% ( 14). The relationships among the 
different zones change with age. The volume of the central zone is greatest in young men, but, with advancing age, there is progressive atrophy of this zone, 
sometimes leading to reduction of the total mass. In most men, however, there is an overall increase in gland size due to benign prostatic hypertrophy involving the 
transition zone. Differentiation of zonal anatomy is clinically important, because the peripheral zone is the site of origin of most carcinomas, and the transition zone is 
the site of origin of benign nodular hyperplasia.

From a radiologic viewpoint, most commonly used subdivisions of the glandular prostate are the peripheral zone and the central gland ( 15), in which the term central 
gland is used to refer collectively to the periurethral, transitional, and central zones. Using this terminology, the central gland contains the central and transition zones 
that are in variable proportion, depending on the degree of benign prostatic hyperplasia. It should be noted that the term central or inner gland is often used in the 
histologic and urologic literature, in which it refers to the combination of the central and peripheral zones. This latter approach was designed to separate those parts 
of the prostate that are susceptible to benign prostatic hyperplasia (the transition zone) from those parts susceptible to carcinoma (mainly the peripheral zone).

A final refinement to the anatomic divisions of the prostate is the concept of sextants. Systematic biopsy of six parts of the prostate was initially described in 1989 ( 16), 
and the associated sextant description of the prostate is frequently used in clinical practice. The sextants consist of base, midgland, and apex bilaterally. The sextants 
are not rigidly defined in the original description. On imaging, the arbitrary division is as follows: In the transverse plane of section, the base of the prostate extends 
from the bladder floor and seminal vesicle or ejaculatory duct junctions to the level with the largest transverse diameter of the gland. The prostatic midgland extends 
from the section with the largest transverse diameter to the level of the verumontanum. The prostatic apex extends from the level below the verumontanum to the 
external urethral sphincter or membranous urethra. The peripheral zone is defined as the part of the prostate between the true prostatic capsule and the surgical 
pseudocapsule. Both confines are characterized as low-signal intensity bands, the former separating the prostate from the surrounding periprostatic tissue, the latter 
separating the more homogenous, higher–signal intensity peripheral zone from the heterogenous, lower–signal intensity central gland.

The terminology is useful shorthand for describing the location of prostatic abnormalities, but the lack of well-defined anatomic landmarks for sextant definition should 
be remembered when interpreting prostatic imaging and attempting to correlate biopsy results with imaging.

Ultrasound

The prostate can be visualized with transabdominal transducers, but detailed assessment of the zonal anatomy is performed using a transrectal approach ( 15). In 
healthy young men, the zones of the prostate are not sonographically evident. With the development of benign prostatic hyperplasia, the transition zone becomes 
distinguishable as a well-demarcated area of heterogeneity, separable from a uniform, medium echogenicity peripheral zone. The transition zone and the central zone 
are typically referred as central gland. The peripheral zone forms an area of uniform echogenicity surrounding the central gland. The surgical or pseudocapsule may 
be evident as a discrete change in echogenicity or a hypoechoic rim. The anterior fibromuscular stroma forms a less echogenic band at the anterior aspect of the 
prostate. The seminal vesicles can be seen superolaterally, encased in hyperechoic fat that is continuous with the fat surrounding the prostate. The appearance of the 
seminal vesicles varies with the volume of contained fluid.

Computed Tomography

On CT, the prostate gland most commonly appears as a soft tissue structure of uniformly homogeneous attenuation and may be difficult to distinguish from 
surrounding muscles, vessels, and perineal structures. Spiral CT with thin sections and multiplanar reformations may partially overcome these problems. Nonetheless, 
CT of the prostate is generally limited to assessment of overall gland size. With the development of benign prostatic hyperplasia in the aging prostate, the central 
gland becomes heterogeneous and of higher attenuation relative to the peripheral zone on contrast-enhanced CT studies. This can allow distinction of the peripheral 
and central gland by CT. The clinical relevance, if any, of this finding is unknown.

Magnetic Resonance Imaging

Appearance of the prostate gland and depiction of zonal anatomy depend on the MR technique used. On T1-weighted images, the prostate demonstrates 
homogeneous intermediate signal intensity, and the zonal anatomy cannot be appreciated. Zonal anatomy is well depicted on T2-weighted images. The peripheral 
zone is of high T2 signal intensity, similar to or greater than the signal of adjacent periprostatic fat. It is surrounded by a thin rim of low T2 signal intensity that 
represents the anatomic or true capsule. The central and transition zones are both of lower T2 signal intensity than is the peripheral zone, possibly because of more 
compact smooth muscle and sparser glandular elements. Because the central and transition zones are of similar T2 signal intensity, their differentiation is based on 
their respective anatomic locations. Furthermore, benign prostatic hyperplasia develops in the transition zone and gradually compresses the central zone and may, 
ultimately, compress the peripheral zone as well. The typical changes of benign prostatic hyperplasia often facilitate identification of the transition zone in older men. 
The anterior fibromuscular stroma demonstrates low signal intensity on T1- and T2-weighted images.

The proximal urethra is rarely identifiable, unless a Foley catheter is present or a transurethral resection has been performed. The verumontanum can be visualized 



as a high T2 signal intensity structure. The distal prostatic urethra can be seen as a low T2 signal intensity ring in the apical region of the prostate. The vas deferens 
and seminal vesicles are particularly well seen on axial and coronal images, whereas the neurovascular bundles (NVB) can be seen best on axial images. The penile 
root can be seen inferiorly, separated from the prostatic apex by the urogenital membrane.

Prostate Cancer

Tumor Localization

Treatment innovations are aimed at maximizing cancer control while minimizing morbidity, making tumor detection and localization vitally important for optimal 
treatment planning. To date, transrectal TRUS-guided prostate biopsy has been considered the standard of reference for tumor localization. However, recent reports 
of biopsy sampling errors and inaccuracies are troubling ( 17,18). Furthermore, because prostate cancer is a multifocal and histologically heterogeneous disease, 
biopsy is limited in determining all cancer sites and grades. In fact, when biopsy results were compared with radical prostatectomy for sextant tumor localization, the 
positive predictive value (PPV) of biopsy was found to be 83.3%, and the negative predictive value was found to be 36.4% ( 18), limiting the value of biopsy results in 
risk stratification.

Transrectal Ultrasonography

Only prostate cancers located in the peripheral zone can be reliably detected by sonography. On TRUS scans, prostate cancer most commonly (60% to 70% of 
cases) appears hypoechoic, compared to the normal peripheral zone ( Fig. 19-1). Up to 40% of lesions, however, are isoechoic and therefore are not detected by 
sonography (19,20). Rarely (1% to 5% of cases), even hyperechoic lesions can be seen. Except for ease of detection, there are no known differences among 
hypoechoic, isoechoic, and hyperechoic lesions. Their biologic behavior seems to be essentially the same ( 21).

FIGURE 19-1. Transrectal ultrasound (TRUS). Transverse image of TRUS demonstrates abnormal echogenicity areas in the peripheral zone of the right midgland as 
highly suspicious for neoplasm.

The finding of a hypoechoic lesion on TRUS is not specific for carcinoma, and benign processes, such as prostatitis, frequently present as hypoechoic lesions. The 
low PPV of TRUS (18% to 52%) for the diagnosis of prostate cancer makes it inappropriate as a screening tool at the present time ( 22,23). However, color and power 
Doppler sonography are being investigated for their ability to increase the sensitivity and specificity of prostate cancer detection ( 24). Early reports on color Doppler 
sonography suggest that the combined use of gray-scale and color Doppler sonography results in improved cancer detection, with the PPV as high as 77%. There is, 
however, a corresponding decrease in sensitivity ( 24). Another emerging ultrasound technology is TRUS-sonoelasticity imaging. In comparison with gray-scale 
sonography, preliminary results for in vitro sonoelasticity imaging of prostatectomy specimens suggest greater sensitivity and accuracy in the detection and 
localization of prostate cancer by this technique ( 25).

Computed Tomography

CT lacks the soft tissue contrast resolution needed for the detection of intraprostatic cancer and offers no advantages over TRUS in biopsy guidance. The primary 
role of CT in prostate cancer is in the evaluation of distant spread of disease, mainly detection and biopsy of lymph nodes and distant organ parenchymal metastases.

Magnetic Resonance Imaging

Although MRI is the best imaging modality for demonstrating the normal zonal anatomy of the prostate ( Fig. 19-2), at the present time it, like TRUS, has no 
established role in prostate cancer detection ( 26,27). This lack of a sufficiently high PPV for cancer detection, combined with its high cost, makes MRI inappropriate 
for cancer screening. Prostate cancer usually appears as an area of abnormal low signal intensity against the normal homogeneous high signal intensity background 
of the peripheral zone (Fig. 19-3) (28). Low signal intensity lesions in the peripheral zone represent a sensitive but not specific finding for cancer. Benign conditions, 
such as prostatitis, hemorrhage, or dystrophic changes related to radiation or androgen-deprivation therapy, can mimic cancer. In particular, prostatic biopsies may 
cause bleeding and abnormalities in signal intensity that lead to false-positive and false-negative results ( 29) (Fig. 19-4). To minimize this problem, MRI should be 
delayed for at least 3 weeks after biopsy (29). It should also be noted that a normal-appearing peripheral zone does not exclude the presence of cancer. Although 
detection rates as high as 95% have been reported, the results of large multicenter studies are disappointingly low, with only 60% of lesions larger than 5 mm being 
detected on MRI (30,31). Attempts to measure tumor volume by MRI have had somewhat more promising results than for TRUS. However, the use of MRI in the 
measurement of tumor volume remains unproven at the current time (31).

FIGURE 19-2. Magnetic resonance imaging anatomy of the prostate gland. The axial T2-weighted fast spin-echo (FSE) image (A) of a prostate demonstrates the 
zonal anatomy at the midgland. The peripheral zone (PZ) is of high signal intensity. The axial T2-weighted FSE image at the base shows that no PZ is present at this 
level of the gland close to the bladder (B). The central gland (CG) is large at this level (B). At the apex, the axial T2-weighted FSE image (C) demonstrates the zonal 
anatomy, with PZ seen as a high signal intensity region. On the coronal T2-weighted FSE image, the PZ is demonstrated as a high signal intensity zone around the 
central gland (D).



FIGURE 19-3. Magnetic resonance imaging: prostate cancer with extracapsular extension. This axial T2-weighted fast spin-echo image demonstrates prostate cancer 
on the right side in the peripheral zone toward the apex (A). The tumor (T) is of low signal intensity and has contact to the right capsule ( arrow) (B). The capsule is not 
clearly separated from the tumor in this region. This finding is highly suspicious of extracapsular extension.

FIGURE 19-4. Postbiopsy hemorrhage (H). Extensive postbiopsy hemorrhage in the right peripheral zone ( arrow) is seen on the T1-weighted axial image (A). The 
T2-weighted axial image of the same level of the gland demonstrates a high signal intensity area, representing hemorrhage with relatively sharp delineation to the 
tumor in the anterior region of the right midgland ( asterisk) (B). The prostate cancer is multifocal. Another tumor is located on the left side in the peripheral zone 
(asterisk). Both tumors are seen as low signal intensity areas. Postbiopsy hemorrhage mostly demonstrates as low signal intensity regions but can present as high 
signal intensity as well, as demonstrated in this patient.

Three-Dimensional 1H–Magnetic Resonance Spectroscopic Imaging

Proton 3D-MRSI, a recently developed technique that provides metabolic information about the prostate, is a part of a complete eMRI examination. It is an added 
sequence that uses the same 1.5T magnet and hardware used for the eMRI study. In the last few years, significant progress has been made in the development of 
3D-MRSI as a clinically useful tool. Technical developments have resulted in improved spatial resolution (from 0.7 cm 3 to 0.24 cm3), an increase in gland coverage 
(from 30% to 50% to 80% to 100%), and a reduction in total examination time (for both MRI and 3D-MRSI).

In MRSI, metabolic information about the prostate gland is obtained by assessing the prostatic metabolites choline and citrate. In areas of cancer, there are 
significantly higher choline and significantly lower citrate levels than in the normal peripheral zone. In addition, the ratio of choline plus creatine to citrate in areas of 
cancer is more than three standard deviations (SD) higher than it is in the normal peripheral zone ( 32). When the metabolic data from 3D-MRSI is combined with the 
morphologic data from the MRI, it is possible to make a more specific diagnosis and to better localize prostate cancer than with the data from the MRI alone ( 33). 
Furthermore, in the presence of postbiopsy hemorrhage, the addition of 3D-MRSI findings significantly improves the specificity of cancer detection and localization 
(Fig. 19-5) (32,34).

FIGURE 19-5. Three-dimensional 1H magnetic resonance spectroscopic imaging (3D-1H-MRSI). Images of a combined endorectal magnetic resonance imaging 
(eMRI) and 3D-1H-MRSI in a patient with prostate cancer. C, cancerous; Ca, cancer; Cho, choline; +Cr, creatine; H, healthy.

A combined positive result from the MRI and 3D-MRSI (greater than three SD) indicates the presence of tumors with high probability (PPV, 88% to 92%). A combined 
negative result from both MRI and 3D-MRSI (greater than two SD) excludes the presence of cancer with high probability (NPV, 80%). Whether MRSI can increase the 
specificity of MRI for cancer detection without compromising sensitivity is presently being investigated.

Evaluation of Tumor Aggressiveness

Attempts to evaluate tumor aggressiveness and add one more parameter to biologic tumor assessment have resulted in new developments in Doppler-ultrasound, 
TRUS, 3D-MRSI, and PET scanning.

The degree of tumor angiogenesis has been shown to correlate with the likelihood of metastatic disease in patients with prostate cancer ( 35) and may, therefore, 
represent an important prognostic factor. Recent advances, such as power Doppler sonography, with the capability to estimate tissue perfusion open up the possibility 
of using TRUS to image tumor angiogenesis (36), noninvasively providing information that may be useful in the management of patients with prostate cancer.

Early data also indicate that proton 3D-MRSI allows assessment of tumor aggressiveness by quantifying the assessment of two metabolites, citrate and choline. 
Choline to citrate ratios for cancer, benign prostatic lesions, and normal peripheral zones are reported to be 2.1 ± 1.3, 0.61 ± 0.21, and 0.45 ± 0.12, respectively 
(34,37). Overlap of this ratio between normal prostatic tissue and prostate cancer is minimal—98% of cancers have a choline to citrate ratio greater than three SD 
above normal values. A preliminary MRI/MRSI study of 26 biopsy-proven prostate cancer patients before radical prostatectomy and step-section pathologic 
examination has demonstrated a strong linear correlation between cancer aggressiveness and a decrease in citrate and elevation in choline levels (Gleason grade) 
(38). When comparing cancer patients with a high Gleason score (7 + 8) to those with a low score (5 + 6), a statistically significant ( p <.0001) difference in cancer 
choline to normal choline ratios was observed ( 38).



Preliminary data on PET also show promise, as the level of uptake correlates with Gleason score and disease-free survival. However, results of Doppler sonography, 
3D-MRSI, 18-fluoro-2-deoxyglucose (FDG)–PET, and use of new contrast media or tracers are preliminary and more data are needed.

Local Staging

The primary goal of local staging is to assist in treatment planning by differentiating between patients with organ-confined disease (stage T1-2) and those with 
extracapsular or SVI (stage T3). Although the simplest and most universally available method of local staging is derived from clinical parameters (e.g., DRE, serum 
PSA measurements, and biopsy tumor grade), clinical staging alone is not sufficiently accurate to be consistently useful in making treatment decisions. Clinical 
understaging has been reported in up to 30% to 60% of patients ( 39,40). Despite its inaccuracy, clinical staging remains in use because it is inexpensive and fairly 
specific for advanced (stage T3-4) disease (39,40). Although only a few patients with organ-confined disease are inappropriately excluded from surgery, patients with 
advanced disease who are clinically understaged are more likely to undergo surgery unnecessarily. Because of the limitations inherent in clinical staging, a variety of 
imaging techniques have been evaluated for their ability to improve staging accuracy. Of the currently available imaging techniques, eMRI shows the most promise for 
accurate local staging. The strengths and limitations of currently available imaging techniques are discussed separately for each technique.

Transrectal Ultrasonography

The role of TRUS in the local staging of prostate cancer remains controversial. Initial enthusiasm for the technique has been tempered by reports of widely varying 
results for the diagnosis of ECE, with sensitivity ranging from 50% to 92%, specificity from 46% to 91%, and accuracy from 58% to 86% ( 41,42 and 43). Relatively little 
progress has been made in improving TRUS staging accuracy, and the results from two large prospective multicenter studies suggest that TRUS is no better than 
DRE in the prediction of ECE (42,43). Drawbacks of TRUS in local staging include difficulty in diagnosing early ECE and high operator dependence, which limits the 
reproducibility of the results. Signs of early ECE include an irregular capsular bulge or obliteration of the rectoprostatic angle (RPA). Gross ECE is indicated by 
identification of strands of direct tumor extension into the periprostatic fat. Early SVI is suggested by fullness and loss of the normal tapering of the seminal vesicles 
near the prostatic base. Gross SVI is indicated by superior extension of the tumor from the prostatic base into the seminal vesicles. Sensitivity for the detection of SVI 
is reported to range from 22% to 60%, with specificity of approximately 88% and accuracy of approximately 78% ( 42,44). Because of the low sensitivity, TRUS-guided 
biopsy has been recommended in patients at increased risk for SVI (PSA greater than 20 ng per mL or Gleason score greater than 7) ( 45,46).

The use of 3D TRUS may improve the accuracy of TRUS staging of prostate cancer. Although data from a pilot study showed that 3D reconstruction of conventional 
TRUS imaging is superior to 2D imaging ( 47), 3D reconstruction presently relies on initial demonstration of the cancer by conventional ultrasonography, a potentially 
significant drawback. Further studies of this methodology are needed to fully explore its potential. Development of ultrasound contrast media may change the role of 
ultrasound in staging prostate cancer in the near future.

Computed Tomography

CT, once considered the mainstay of the imaging armamentarium for prostate cancer, is no longer routinely requested. A better understanding of how to use clinical 
tumor prognostic factors, such as PSA level, preoperative Gleason score, and clinical stage, to estimate the probability of advanced disease and lymph node 
involvement has limited the use of CT. Nomograms developed by Partin and colleagues that combine data from serum PSA levels, Gleason scores, and clinical stage 
provide probability estimates for lymph node involvement that can be used to determine the need for CT study or pelvic lymph node dissection ( 48).

In addition, CT is not recommended for local staging because of its low accuracy in the detection of extraprostatic disease (24% for ECE and 69% for SVI) ( 49). 
Although prostatic enlargement is well displayed on CT studies, it is a nonspecific finding that may be due to cancer or benign prostatic hyperplasia. Furthermore, a 
smooth outer prostatic margin does not exclude the presence of cancer within the gland, nor does an irregular margin accurately predict the presence of ECE. Even 
though the recent development of helical CT represents a significant advance in CT technology, no studies have been published that evaluate the accuracy of helical 
CT for local staging of prostate cancer. It is unlikely that the inherent limitation of low soft tissue contrast can be sufficiently overcome to significantly improve staging 
accuracy.

The accepted role of CT is in the evaluation of patients suspected of having advanced disease, including identification of extraprostatic spread of tumor into adjacent 
tissues, detection of lymph node metastasis, and planning radiation therapy. Gross ECE can be diagnosed when there is significant soft tissue extension into the 
periprostatic fat (Fig. 19-6). Unilateral enlargement of a seminal vesicle with obliteration of the fat plane between the seminal vesicle and prostatic base is suggestive 
of SVI, although images limited to the transaxial plane of section may create a false impression of unilateral enlargement when there is anatomic distortion from a 
distended rectum or bladder. Invasion of the bladder wall and rectum does not occur as frequently as SVI, which is seen in approximately 17% of patients with newly 
diagnosed prostate cancer (50). Because CT is limited to the transaxial plane, tumor invasion of the bladder base cannot be detected reliably. In the evaluation of 
lymph node invasion, CT, like MRI, relies on nodal size. The recommended size threshold for diagnosing lymph node metastases in patients with prostate cancer is a 
short axis diameter of greater than 1 cm.

FIGURE 19-6. Pelvic computed tomography (CT): prostate gland with extracapsular extension (ECE). This contrast-enhanced delayed pelvic CT image of a patient 
with prostate cancer demonstrates an irregularity of the prostate gland (P). Strands from the gland into the periprostatic tissues are depicted ( arrow). This is highly 
suspicious of ECE.

Magnetic Resonance Imaging

The role of MRI in staging newly diagnosed prostate cancer remains controversial. The technology of MRI has undergone a marked evolution in the last decade, and 
the development of fast spin-echo T2-weighted imaging, surface coils, phased array coils, and subsequently endorectal coils has resulted in an incremental 
improvement in the efficacy of MRI staging. Its primary value appears to be in the local staging of patients with clinically localized prostate cancer.

MRI guidelines for staging prostate cancer follow the TNM staging criteria. TNM stage T1a tumors are not detectable by MRI. Most of these T1a tumors, incidentally, 
noted early-stage cancers are located within the transition zone, an area in which disease cannot reliably be detected with MRI. Clinical stage T2 tumors (i.e., 
palpable tumors confined to the prostate gland) are seen as areas of low signal intensity within the peripheral zone. Disease confined to the prostate can be 
diagnosed if the prostatic capsule appears intact ( Fig. 19-7), even if there is broad contact between tumor and prostatic capsule or if a smooth capsular bulge is 
present (51,52). It is important to note that, although the prostatic margin may bulge, the bulge is usually smooth in contour. The ability to directly visualize the 
prostatic capsule increases the confidence level in diagnosis of these organ-confined stage T2 lesions.



FIGURE 19-7. Magnetic resonance imaging: extracapsular extension and seminal vesicle invasion. These T2-weighted fast spin-echo images of a 66-year-old patient 
demonstrate extensive exophytic disease. The prostate cancer is invading the rectal mucosa ( arrow) (A) and the seminal vesicles (B), as demonstrated on the axial 
images [tumor (T)]. Normally, the seminal vesicles are of high signal intensity. On this image, they are infiltrated by a low-intensity T. The right levator ani muscle is 
also invaded, as demonstrated on the coronal image ( arrow) (C).

Although tumor extension into periprostatic fat or seminal vesicles can be used to reliably diagnose gross extraprostatic disease, the diagnosis of early extraprostatic 
disease (stage T3) is necessary to ensure that as few patients as possible are deprived of potentially curative surgery owing to false-positive test findings ( 53). In 
stage T3 disease, the findings of importance are ECE and SVI. eMRI findings of extracapsular invasion include (a) an irregular bulge, (b) a step-off—angulated 
appearance—of the prostatic margin, (c) obliteration of the periprostatic fat in the RPA, (d) asymmetry of the NVB that indicates tumor extension through the prostatic 
capsule along the branches of the NVB, (e) breech of the capsule with direct tumor extension into the periprostatic fat, and (f) focal thickening or irregular bulging of 
the prostatic capsule. Using the findings of obliteration of the RPA and asymmetry of the NVB, a specificity of up to 95% can be achieved for the diagnosis of ECE, 
albeit with low sensitivity (less than 50%) ( 52).

SVI is indicated by (a) direct extension of tumor from the prostatic base into and around the seminal vesicles with loss of the normal fat plane separating the base of 
the prostate from the undersurface of the seminal vesicles, (b) the presence of asymmetric low signal intensity at the junction of the seminal vesicles and the base of 
the prostate, and (c) low signal intensity within the ejaculatory duct with direct extension into seminal vesicles ( Fig. 19-7). High specificity (88%) and low sensitivity 
(22%) have been reported for diagnosis of SVI on MRI ( 42). Although transaxial plane images are essential in the evaluation of extracapsular invasion, detection of 
SVI is facilitated by using sagittal or coronal planes of section.

Gross extraprostatic extension of tumor can involve adjacent organs (stage T4 disease). Loss of the normal fat plane between the base of the prostate and bladder 
and interruption of the normal low signal intensity muscular bladder wall are findings indicative of bladder invasion. Similar diagnostic criteria can be used for the 
diagnosis of rectal invasion.

The recent literature has shown a trend toward improvement in results for local staging of prostate cancer by eMRI ( 54,55,56 and 57). MRI has been shown to be more 
accurate than DRE in local staging, and when MRI and TRUS are compared in the same patient population, there is a trend toward better performance with MRI 
(42,54,56,57). MRI and TRUS are more accurate than DRE in local staging ( 56), and MRI and CT are approximately equally accurate in the evaluation of lymph node 
metastases.

MRI is probably not suitable for local staging in all patients with newly diagnosed prostate cancer, although the precise indications for when to perform MR staging 
have yet to be defined. The patients in whom MRI is likely to be cost effective are those who are at intermediate risk for advanced disease as defined by DRE, 
preoperative PSA, and biopsy Gleason score. In one group of patients at intermediate risk for advanced disease, D'Amico and co-workers are able to demonstrate a 
significant correlation between recurrence-free survival rates after radical prostatectomy and patient classification by MRI ( 58).

Although MRI offers great promise for the accurate local staging of prostate cancer, problems of reproducible image quality, interobserver variability, and higher 
examination cost must be resolved before it can be recommended for general clinical use. In addition, there is considerable concern about reports that indicate that 
the staging accuracy for eMRI spans a relatively wide range ( 30,31). Accuracy has been reported to be as low as 54% in one large multicenter trial ( 59) and as high 
as 82% to 88% in two other recently conducted studies (49,50). Sensitivity and specificity have been reported to range from 51% to 89% and 67% to 87%, 
respectively. In the Radiologic Diagnostic Oncology Group multicenter study, marked interobserver variability and the significance of reader experience in 
interpretation of endorectal images of the prostate became apparent. In this study, the staging accuracy for the same patient population varied from 50% to 79%, 
depending on the level of experience of the readers ( 59). These results suggest that development of standardized diagnostic criteria and more extensive training in 
interpreting eMRIs are required before interobserver variability can be reduced and MRI can be widely accepted.

Continued technologic advances in MR imaging and the development of new technologies, such as MRSI, provide hope for further improvement in the diagnostic 
performance of this technique in the local staging of prostate cancer. The use of the endorectal coil for prostate MRI allows not only higher-resolution anatomic 
images, but also the acquisition of metabolic information by MR spectroscopy. The development of analytic image correction may also help in establishing a 
reproducibly accurate approach to MR local staging.

Three-Dimensional Magnetic Resonance Spectroscopic Imaging

As discussed earlier, spectroscopic imaging uses the same equipment as the MRI and is easily added to an MRI staging examination. When MRI and MRSI are 
performed as part of the same examination, the metabolic data can be correlated directly with the corresponding prostatic anatomy and pathology ( Fig. 19-5). As is 
the case with tumor detection, the addition of 3D-MRSI to MRI in staging may improve accuracy and decrease interobserver variability ( 60). In one study, it was found 
that the strict application of specific MRI criteria for the diagnosis of ECE allowed reproducible high specificity to be achieved by readers of varying experience (93% 
for senior reader, 94% for junior reader). Variable sensitivity (50% for senior reader, 14% for junior reader), however, remained a problem for MRI alone. When MRSI 
data are added to the MRI data, there is a significant increase in sensitivity for the less experienced reader (from 14% to 39%) to a level approaching that of the more 
experienced reader (50%). These findings suggest that the addition of MRSI to MRI decreases interobserver variability and improves the accuracy of diagnosis of 
ECE in patients with clinically localized prostate cancer.

Evaluation of Distant Spread of Prostate Carcinoma

Bone Metastases

The skeleton is the most common site of hematogenous metastases from prostate cancer, and bone metastases can be found in 85% of patients dying of the disease 
(5). Plain films are not very sensitive for detecting bone metastases, because there must be a change in bone density of at least 50% before metastases can be seen 
radiographically ( 61). Radionuclide bone scintigraphy is very sensitive, however, and bone scans have replaced the skeletal survey in evaluating patients for 
osteoblastic bone metastases (Fig. 19-8 and Fig. 19-9). Reports from one study indicate that, with scintigraphy, bone metastases can be detected in 23% of patients 
with normal skeletal surveys. In addition, with information from bone scans, 16% of patients initially thought to have stage T1-3M0 disease are upstaged to T1-3M1 
(62). Occasionally, a false-negative bone scan may occur. In these cases, a serum PSA greater than 50 ng per mL is suggestive of occult bone metastases. The use 
of serum PSA data can help to reduce the cost of pretreatment evaluation in patients with newly diagnosed prostate cancer by excluding patients who do not need a 
bone scan due to a low probability of bone metastases (63). It has been shown that if bone scans are performed only in asymptomatic patients with serum PSA levels 
greater than 10 ng per mL, then less than 1% of bone metastases will go undetected ( 63,64). In patients with stage T3 disease or poorly differentiated tumor on 
biopsy, however, a bone scan may be warranted regardless of PSA level (64). It should be noted that the high sensitivity of radionuclide scintigraphy is accompanied 
by low specificity. To increase diagnostic certainty, therefore, positive findings should be correlated with radiographs of the abnormal areas whenever necessary.



FIGURE 19-8. Conventional pelvic radiograph and pelvic computed tomography (CT). This pelvic radiography demonstrates extensive osteoblastic disease in a 
patient with prostate cancer (A). The pelvic unenhanced helical CT demonstrates diffuse sclerosis of the bone consistent with osteoblastic bone metastasis (B).

FIGURE 19-9. Bone metastasis on magnetic resonance imaging with bone scintigraphy. Images of a 64-year-old patient with prostate cancer. The sagittal 
T1-weighted spin-echo image (A) and the T2-weighted image with fat saturation (B) of the lumbar spine show numerous hypointense lesions on T1 consistent with 
bone metastases. An oval-shaped soft tissue mass (asterisk) ventral to the spinal segment T11 12-L1 represents retrocrural adenopathy. The bone scintigraphy of the 
same patient (C) demonstrates multiple spots of enhancement throughout the whole skeleton, representing extensive metastatic disease.

Conventional radiographs of selected bones are useful for evaluating inconclusive findings on bone scan and for evaluating specific sites of pain for impending 
pathologic fracture. Osteoblastic changes (80%), osteolytic changes (5%), or mixed osteoblastic-osteolytic changes (10% to 15%) can be seen in the pelvis and 
lumbar spine of patients with bone metastases from prostate cancer (Fig. 19-8) (65). Early bone changes may present as focal areas of increased density that must 
be distinguished from benign bone islands. More commonly, large areas of bone are replaced by irregular dense deposits, leaving little question of the diagnosis ( Fig. 
19-8). Abnormal findings may be seen in only one bone, such as a lumbar vertebra, or may be extensive ( Fig. 19-8). Bone findings may be completely reversed after 
endocrine therapy, although a paradoxic, transient increase in skeletal osteoblastic activity (the flare effect) may occur after orchiectomy or androgen blockade, even 
in the face of obvious clinical improvement.

Although CT is excellent for demonstrating osteoblastic, osteolytic, and mixed bony metastases from prostate cancer, it should not be used to screen for bone 
metastases (66). Radionuclide bone scintigraphy is preferred because it evaluates the entire skeleton and is more accurate in detecting small or early metastatic 
lesions. For similar reasons, scintigraphy is preferred over MRI. Because bone metastases are most commonly osteoblastic, they may appear hypointense compared 
to normal fatty marrow on T1-and T2-weighted MRI (67). The MRI may have a problem-solving role in the evaluation of patients with suspected bone metastases 
when other diagnostic studies are inconclusive or when spinal cord compression is suspected ( 67) (Fig. 19-9).

Lymph Node Metastases

Before the development of cross-sectional imaging techniques, such as CT and MRI, lymphangiography was used to evaluate patients with suspected lymph node 
metastases. Lymphangiography identifies lymph node metastases by finding intranodal filling defects. The ability to detect metastatic deposits as small as 5 mm in 
diameter is purported to be a unique advantage of lymphangiography. However, false-negative findings (nonvisualization of the node) may occur because of failure to 
fill the hypogastric and presacral lymphatics or because the entire node has been replaced by metastatic disease ( 68). In addition, an intranodal filling defect may be 
caused by inflammatory or other benign processes, and fine-needle aspiration biopsy may be required to confirm the diagnosis of metastatic disease ( 69). Enthusiasm 
for this technique has, therefore, declined, and lymphangiography is not currently recommended for lymph node staging in patients with prostate cancer. Not only is 
the procedure invasive and time consuming, but it also has not been found to be superior to CT or MRI.

CT is an excellent modality for the detection of lymph node metastases in patients with prostate cancer. In fact, it is the primary use of CT in these patients. Serum 
PSA data can be used to reduce the costs of pretreatment evaluation by excluding those patients who have a low probability of having an abnormal CT scan ( 63). In 
asymptomatic patients with serum PSA less than 20 ng per mL, fewer than 1% of patients will have a positive CT study ( 70).

The diagnosis of lymph node metastases by CT is based solely on size. All nodes larger than 1 cm in short axis diameter are considered abnormal. Dynamic scanning 
during bolus injection of intravenous contrast maximizes vascular opacification and helps to differentiate between blood vessels and lymph nodes in the pelvis and 
retroperitoneum. Unlike lymphangiography, the internal architecture of lymph nodes is not evaluated with CT. False-negative diagnoses result when metastases occur 
in normal-sized nodes, and false-positive diagnoses result when lymph node enlargement is due to benign hyperplastic changes. The sensitivity of CT for detecting 
lymph node metastases ranges from 30% to 78%, with a specificity of 77% to 97% and an accuracy of 70% to 94% ( 71,72 and 73). Although lowering the size 
threshold for the diagnosis of lymph node metastasis decreases the false-negative rate, it also increases the false-positive rate. Because a false-positive diagnosis 
denies potentially curative therapy to the patient, all enlarged lymph nodes should be biopsied to confirm the diagnosis. Combined CT and CT-guided fine-needle 
aspiration biopsy provide high specificity (up to 100%) for the diagnosis of lymph node metastases and may be considered an alternative to surgical or laparoscopic 
lymphadenectomy in some patients (71).

It is not necessary to include the retroperitoneum in pretreatment CT staging studies if there is no lymphadenopathy below the aortic bifurcation, because 
retroperitoneal lymphadenopathy does not occur in the absence of pelvic lymphadenopathy ( 74). Evaluation of suspected recurrent disease, however, requires 
examination of the abdomen and pelvis, owing to the higher prevalence of retroperitoneal lymphadenopathy ( 75).

The MRI can also be used to diagnose metastatic disease to lymph nodes. As with CT, the diagnosis of lymph node metastasis is based on the finding of lymph nodes 
larger than 1 cm in short axis diameter. On T1- and T2-weighted images, lymph nodes demonstrate intermediate signal intensity, as opposed to the low signal 
intensity flow voids usually seen in blood vessels. If necessary, gradient echo images may be obtained to help differentiate between lymph nodes and adjacent 
vessels.

Visceral Metastases

Distant metastases to liver, lung, and other viscera are readily detected by CT in symptomatic patients. The sensitivity of CT is maximized by dynamic scanning during 
bolus injection of intravenous contrast. Although the role of CT in patients with suspected distant spread of prostate cancer (PSA greater than 20 ng per mL) is well 
established, its use in screening for co-morbid disease that would affect treatment has not been found to be cost effective ( 70,76). Visceral metastases can also be 
identified with MR scanning, but because the MRI is obtained primarily for local staging, images above the aortic bifurcation are not usually obtained. Distant 
metastases occurring outside of the pelvis, therefore, are not detected.



In the search for lung metastases, the chest radiograph is still obtained routinely, even though its cost effectiveness as a routine study in evaluating all patients with 
prostate cancer is unproven ( 77). The case for routine examination is supported by the fact that in 10% to 15% of patients in the prostate cancer age group, a chest 
film will show evidence of significant nonneoplastic diseases, such as tuberculosis, cardiovascular disease, and pulmonary fibrosis ( 77,78). The chest radiograph also 
provides a simple and effective means of monitoring treatment in a patient with pulmonary metastases. Approximately 6% of all patients with newly diagnosed prostate 
cancer have intrathoracic metastases when first seen, and 25% of patients with documented distant spread of disease have chest involvement ( 78,79). Because some 
of these patients may demonstrate no other sites of distant spread, the true stage of disease may be underestimated if a chest radiograph is not obtained. 
Lymphangitic spread is a more typical presentation of metastatic disease than discrete pulmonary nodules. Thin-section CT of the chest can be used to detect early 
lymphangitic spread.

Radioimmunoscintigraphy and Positron Emission Tomography Scanning

Recent advances in metabolic imaging using radioimmunoscintigraphy [e.g., capromab pendetide (ProstaScint)] and PET may lead to improved detection of distant 
metastases from prostate cancer and provide an effective means of monitoring response to treatment and disease recurrence or progression ( Fig. 19-10) (80,81,82 
and 83). These new techniques may prove particularly useful in patients who are at high risk for having metastatic disease but do not demonstrate evidence of distant 
spread with conventional diagnostic imaging tests ( 83). Improved accuracy, particularly in the noninvasive evaluation of lymph node metastases, would represent a 
much-needed advance in the evaluation of patients with prostate cancer.

FIGURE 19-10. Radioimmunoscintigraphy and positron emission tomography. Arrows show increased activity in the region of lymph node metastasis.

Radioimmunoscintigraphy

Radiolabeled monoclonal antibodies directed against prostate cancer–specific antigens are being developed to improve the diagnosis of metastatic disease to bone, 
lymph nodes, and viscera. Research is under way to develop radiolabeled monoclonal antibodies that are highly specific for prostate cancer cell surface antigens 
(84). In the future, the large number of potential monoclonal antibodies may represent an advantage of radioimmunoscintigraphy over cross-sectional imaging 
techniques (85).

The best known of the monoclonal antibodies that have been developed is ProstaScint ( 81,86). ProstaScint, which recently received U.S. Food and Drug 
Administration approval, is a murine monoclonal antibody (CYT-356 or capromab pendetide) labeled with indium-111, which is directed against a glycoprotein 
expressed by prostate epithelium known as prostate-specific membrane antigen. It has shown efficacy in detecting lymph node and other metastases from prostate 
cancer with nuclear medicine single photon emission computed tomography (SPECT) and planar imaging techniques ( 87). Because of the kinetics of antibody 
binding, imaging is best performed approximately 72 to 120 hours after administration of the agent. The 2.8-day half-life of indium-111 facilitates timing of this imaging 
interval (81,84).

The greatest potential for ProstaScint radioimmunoscintigraphy is in selected patients with newly diagnosed prostate cancer, in patients who are suspected to have 
metastatic disease because of a rising serum PSA after definitive local therapy, and in high-risk patients in whom other diagnostic imaging tests have failed to 
demonstrate evidence of metastatic disease. Preliminary results from the ProstaScint Study Group suggest that ProstaScint imaging may help in differentiating 
between local and distant recurrence in patients in whom the only evidence of disease after radical prostatectomy is a detectable PSA level ( 88). Preliminary results 
also suggest that ProstaScint imaging can be used to differentiate between patients who will or will not respond to salvage radiation therapy after failed surgical 
therapy (89,90). In the identification of lymph node metastases, the detection threshold of ProstaScint imaging appears to be metastatic foci 5 mm or larger in size 
(91). Owing to the accumulation of radiolabel in the bladder, ProstaScint is of limited use in the prostate bed region, although it has been suggested that imaging can 
be performed during constant bladder irrigation.

Positron Emission Tomography

PET offers the capability of imaging biochemical processes in vivo and provides significantly better spatial resolution and image quality than standard nuclear 
medicine planar and SPECT imaging methods (82). Both PET and SPECT images can be co-registered to CT or other cross-sectional images, and such image fusion 
methods promise to become more clinically useful in the future, when standard image format protocols such as Dicom3 become implemented on imaging work and 
display stations. Another development in PET scanning is detection of abnormal uptake of the radiotracer FDG as a highly specific indicator for foci of metastatic 
disease in patients with prostate cancer (92). The relatively low metabolic activity of prostate cancer, however, may represent a potential limitation for FDG-PET ( 82). 
Preliminary studies suggest that PET cannot reliably differentiate between primary prostate cancer and benign prostatic hyperplasia. In addition, PET is not as 
sensitive as bone scintigraphy for the detection of bone metastases ( 93,94). Nonetheless, PET may have a role in the detection of lymph node metastases and may in 
the future prove to be a necessary staging modality in patients with prostate cancer.
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INTRODUCTION

Once the diagnosis of prostate cancer has been made, the local and distant extent of the primary tumor must be defined, as anatomic and clinical staging remains the 
mainstay by which clinical decision making is directed. The most commonly used system, tumor-node-metastasis (TNM), stages tumors according to the size of the 
primary tumor and the presence or absence of either lymph node metastasis or distant metastatic disease.

Pathologic staging is a measure of extent of disease. At present, organ-confined tumors benefit most from surgical excision of the primary tumor. Current clinical 
staging systems are limited by a number of factors, such as clinical understaging with transurethral resection or digital rectal examination, as well as the limited ability 
of imaging studies to evaluate the presence and extent of prostatic adenocarcinoma ( 1). No single diagnostic test can distinguish accurately between organ-confined 
(surgically curable) and non–organ-confined disease.

The widespread use of serum prostate-specific antigen (PSA) measurement has led to a marked shift in the pattern of disease presentation. As a result of PSA 
screening, patients now present more often with organ-confined disease ( 2). It is generally easy to predict the biologic behavior of patients with early-state cancers. 
Similarly, patients with extensive disease (e.g., extraprostatic extension) generally do poorly. Because patients with organ-confined disease mostly have the same 
TNM staging, this limits the predictive value of staging. In addition, there are still major differences with respect to outcome within the category of organ-confined 
prostate cancer. Among all patients undergoing prostatectomy for organ-confined disease, more than one-third will relapse and require additional therapy ( 3,4,5,6 and 
7).

An additional valuable prognostic parameter is the degree of differentiation of the tumor based on Gleason score. Men with tumors of low Gleason grades (i.e., grades 
2 to 4) face minimal risk (4% to 7%) of dying from prostate cancer in 15 years, whereas men having tumors of grades 8 to 10 face a much higher risk (60% to 87%) 
(8).

Using the preoperative serum PSA level, tumor grade (Gleason score), and the stage of the local tumor, patients can be stratified into groups that differ with respect to 
relapse-free survival ( 9,10). However, once again we are limited by the fact that the majority of patients undergoing radical prostatectomy presents with Gleason 6 or 
7 tumors and have a serum PSA between 4 and 10 ng per mL. Although the combination of Gleason score and preoperative PSA is a better predictor of prognosis, it 
still does not accurately predict tumor behavior.

Further improvements in staging beyond tumor size and state of cellular differentiation will require the identification of new predictors of tumor behavior. In certain 
instances, the presence within a tumor of a characteristic molecular signature has been proven to be remarkably accurate in predicting the biologic behavior of these 
tumors. For hematologic neoplasms, multiple studies have demonstrated that cytogenetics can contribute valuable prognostic information, independent of 
morphologic or immunophenotypic features. Chromosomal analysis of pediatric leukemias is now considered the standard of care in many centers. These data have 
allowed predictions of the long-term survival rates of patients based on tumor-specific chromosomal translocations. For example, acute lymphoblastic leukemia 
patients with the TEL-AML1 fusion have a favorable prognosis, whereas those with the E2A-PBX1 fusion require more intensive therapy to obtain a good outcome 
(11). Similarly, patients with acute promyelocytic leukemia who carry the PML-RAR-alpha fusion respond to all- trans-retinoic acid and have an excellent outcome after 
treatment with all-trans-retinoic acid in combination with anthracyclines ( 12). Chimeric tumor genes obtained by reverse transcriptase-polymerase chain reaction 
(RT-PCR) have also been shown to provide diagnostic and prognostic information in synovial sarcoma ( 13,14). Among epithelial tumors, colorectal adenocarcinoma 
has the most advanced molecular staging, in which inactivation of tumor suppressor genes and activation of oncogenes at different stages of tumorigenesis have 
been mapped out (15). The molecular oncology paradigm is based on the belief that the behavior of a tumor is ultimately dependent on certain key molecular 
characteristics. More specifically, knowing these key molecular characteristics might, in time, allow one to predict important aspects of tumor behavior and patient 
outcome. Several emerging and experimental approaches to predicting tumor behavior fall under the heading of molecular staging tools. They look at genetic 
alterations or at changes in protein structure or concentration that are more characteristic of metastatic prostate cancer than of localized tumors or normal prostate 
tissue.

The aims of this chapter are to provide an introduction to the currently available molecular staging modalities that may be used in the clinical setting. Specific genes 
that have been shown to have potential as molecular staging tools are discussed. Knowledge of the signaling pathways, in which these markers are involved, may 
also help in selecting potential therapeutic targets for the treatment of prostate cancer.

SERUM BIOMARKERS

Prostate-Specific Antigen

PSA is a serine protease that functions to liquefy seminal coagulum ( 16) and has a molecular weight of 34 kD (17). It consists of 237 amino acids and four 
carbohydrate side chains. The gene encoding PSA is localized to chromosome 19 ( 18). It is produced by the epithelial cells lining the acini and ducts of the prostate 
gland, and under normal conditions it is secreted into the lumina of prostatic ducts and can be detected in high concentrations in seminal plasma.

PSA expression, although highly restricted and confined mainly to benign and malignant prostatic luminal epithelial cells, has also been documented in bladder 
adenocarcinomas (19), salivary gland neoplasms (20), and breast cancers (21). PSA levels can also be elevated in prostatitis ( 22) and benign prostatic hyperplasia 
(BPH) (23,24), and after prostate manipulation (25), thus making this marker not absolutely cancer specific. In prostate cancer, levels are dependent on the volume of 
cancer present (26), and the histologic differentiation of the tumor (more poorly differentiated tumors produce less PSA on an individual cell basis, but these tumors 
have more cells per unit of tumor volume) (27). These factors have important implications in using PSA for diagnosis and staging.



Serum PSA is currently used as a tumor marker for prostate cancer and also for the early detection, staging, and posttreatment follow-up of patients. Pretreatment 
serum PSA is related to clinical stage, Gleason grade, tumor volume, and pathologic stage ( 28,29,30,31,32 and 33). PSA levels correlate with clinical stage, but there 
is considerable overlap among the clinical stages ( 30). However, by combining the PSA level with the clinical findings on digital rectal examination and histologic 
grade by biopsy, several groups have developed normograms based on multivariate analyses to construct probability plots validated by pathologic staging to predict 
the probability of capsular penetration, seminal vesicle involvement, and nodal involvement ( 5,32). Immunohistochemical (IHC) staining for PSA is useful in the 
identification of metastatic tumor of unknown origin as prostate carcinoma. In addition, Epstein and Eggleston have shown a statistically significant correlation 
between progression of disease and negative to weak staining for PSA ( 34), suggesting that tumor cells that lack sufficient differentiation to express immunologically 
recognizable antigens normally expressed by nontransformed cells behave more aggressively ( Fig. 20-1).

FIGURE 20-1. Immunohistochemical profile of tumor biomarkers at different stages of prostate cancer development and progression. MKP-1, MAP kinase 
phosphatase 1; PIN, prostatic intraepithelial neoplasia; PSA, prostate-specific antigen; PSCA, prostate stem cell antigen; PTEN, phosphatase and tensin homologue 
deleted on chromosome 10.

More recently, several groups have attempted to develop a more sensitive, molecular-based assay for the detection of PSA using the PCR. This technique allows the 
detection of one PSA-expressing cell in a background of 10 6 to 107 cells (35). In addition, RT-PCR PSA assays can detect the presence of occult prostate cells in 
tissues or circulating prostate tumor cells through amplification of PSA messenger RNA (mRNA). Several groups have evaluated peripheral blood mononuclear cells, 
lymph nodes, and bone marrow specimens using the mRNA for PSA as a template (36,37). Some investigators have shown a correlation between RT-PCR results and 
clinical staging in prostate cancer. Olsson et al. evaluated a RT-PCR assay using nested primers and found that it correlated with positive surgical margins and 
extension into the seminal vesicles in 100 patients undergoing radical prostatectomy ( 38). The observed specificity and sensitivity for extraprostatic disease were 73% 
and 90%, respectively. They found the RT-PCR assay to be superior to Gleason score and serum PSA in predicting the presence of extraprostatic disease. On the 
other hand, they noted that the PSA RT-PCR test was a poor predictor of response to treatment. Ghossein et al. also found a correlation between positive peripheral 
blood RT-PCR results and clinical staging with 16% of men with apparent organ-confined disease, 30% with locally advanced or node-positive disease, and 35% with 
distant metastases (39). Jaakkola et al. found positive results in none of seven patients tested with clinically localized disease and 9 of 18 with metastatic disease 
(40). Others have reported a poor correlation between PSA RT-PCR results and pathologic or clinical stage ( 37,41,42). Limited cohorts of patients tested, technical 
variability in performance of the assays, and diverse populations tested may all contribute to the discordant results obtained by various groups.

Prostate-Specific Membrane Antigen

A novel marker with high specificity for prostate tissue is prostate-specific membrane antigen (PSMA) ( 43). PSMA is a membrane glycoprotein that is expressed in 
normal prostatic epithelial cells and elevated in prostate cancers, especially in poorly differentiated, metastatic, and hormone-refractory carcinomas ( 44,45). However, 
PSMA has been detected in nonprostatic tissue, namely salivary glands, brain, small intestine, cardiac muscle, skeletal muscle, and neoangiogenic endothelial cells 
(46,47 and 48). RT-PCR assays with primers specific for PSMA have been shown to be more effective than PSA-specific primers in detecting hematogenous 
circulating prostate cancer cells ( 49); however, no clear benefit in patient staging or use as a predictor of clinical outcome or response to treatment has been obtained 
using RT-PCR methods thus far (41,50).

Interestingly, Grasso et al. found that a combined nested RT-PCR assay for PSA and PSMA correlated with pathologic stage ( 51). In addition, PSA or PSMA RT-PCR 
was shown to be a better predictor of tumor extracapsular extension than initial serum PSA, clinical stage, and biopsy Gleason score.

The clinical applicability of PSA or PSMA RT-PCR assays is uncertain, because the detection of circulating prostate cancer cells in the peripheral blood or in tissues 
does not necessarily reflect the presence of metastatic disease. Large prospective studies will determine the clinical implications of such findings and the need, or 
lack thereof, for therapeutic intervention. The current predictive accuracy, however, does not permit basing treatment recommendations on the outcome of these tests.

Prostatic Acid Phosphatase

Prostatic acid phosphatase (PAP) was the biomarker most extensively used before the discovery of PSA for the diagnosis, staging, and monitoring of patients with 
prostate cancer. However, difficulties such as diurnal variation, cross-reactivity with serum acid phosphatases from other tissues, and elevations after digital rectal 
examination can alter the interpretation of the results and lead to false-negative and false-positive results ( 52). IHC staining for PAP (in combination with PSA) is 
useful in confirming metastatic prostate cancer (53).

TISSUE BIOMARKERS

p53

The p53 gene, which is located on the short arm of chromosome 17, encodes for a nuclear transcription factor that functions in cell cycle control, DNA repair, and 
apoptosis (54,55 and 56). In response to DNA damage, wild-type p53 arrests cells in the G1 phase or can induce apoptosis ( 57,58). The p21cip1 gene plays a role in 
signaling cellular growth arrest, and, in response to DNA damage, p21 is induced by the p53 gene, thereby playing a direct role in mediating p53-induced G1 arrest 
(59). Loss of heterozygosity (LOH) on chromosome 17p occurs in 16% of prostate cancers with a range of 5% to 38% ( 60,61,62 and 63). LOH for p53 in one allele can 
be coupled with a mutation in the other allele, most often occurring in exons 5 through 8, that can either result in no protein being produced or production of a 
dysfunctional protein. Cells having such p53 mutations are genetically unstable and are prone to developing further mutations leading to tumor progression. Wild-type 
p53 has a short half-life and is normally expressed at low levels in G 0 and G1 phases. In contrast, most p53 missense mutations result in a protein with a much longer 
half-life, facilitating detection by immunohistochemistry ( 64,65). It is important to bear in mind that IHC will not identify in-frame deletions, splicing errors, or nonsense 
mutations (66).

It has been shown that p53 protein expression is correlated with higher Gleason score, nuclear grade, pathologic stage, and proliferation in localized primary prostate 
carcinomas and that there is an increase in p53 mutations in advanced prostate cancer, with the highest incidence occurring in androgen-independent tumors ( 67,68 
and 69). Several studies have demonstrated that p53 protein expression serves as an adverse prognostic indicator and an independent prognostic marker for 
disease-free survival after radical prostatectomy ( 65,70,71,72,73,74,75,76 and 77). Stricker et al. compared p53, stage, age, race, Gleason score, and preoperative 
PSA by multivariate analysis to predict biochemical recurrence ( 76). They showed that p53, stage, and preoperative PSA levels were the best predictors of PSA 
recurrence. Bauer et al. have shown that the p53 status was positively associated with rising grade and stage and an independent predictor of disease-free survival 
(70). However, the major limitation of p53 in predicting behavior is the fact that its inactivation occurs primarily in advanced disease. In colorectal cancer, it has been 
recently shown that response to therapy aimed at inducing apoptosis was different according to p21 status in a background of p53 inactivation ( 78). This may have 
implications in prostate cancer as well.



Bcl-2

The bcl-2 gene is the prototype of a newly described class of oncogenes that modulate apoptosis ( 79,80).

Subsequently, it has been demonstrated that the bcl-2 gene is a member of a multigene family whose members function to inhibit or promote apoptosis (81). The 
regulation of cell death by members of this gene family may be achieved through competing dimerization of different family members ( 82,83,84 and 85). However, 
more recent evidence suggests that the individual bcl-2 family members can independently regulate the susceptibility to undergo cell death and, thus, may not require 
heterodimerization (86).

Although initially discovered via the translocation in follicular lymphomas (t14,18), it has subsequently been found to be involved in the carcinogenesis of various 
epithelial tumors (87,88,89 and 90).

An increase in intracellular Ca 2+ concentration has been implicated as an important signaling event associated with cell death in prostatic epithelial cells ( 91,92). bcl-2 
has been shown to inhibit the induction of cell death by thapsigargin, a selective inhibitor of the endoplasmic reticulum Ca 2+ pump (93). Thapsigargin results in 
depletion of endoplasmic reticulum Ca 2+ stores and subsequent capacitative influx of extracellular Ca 2+. Experimental evidence suggests that bcl-2 is able to inhibit 
the depletion of the endoplasmic reticulum Ca 2+ pool and thereby inhibit capacitative Ca 2+ entry. Of interest, thapsigargin can induce apoptosis in 
androgen-independent prostate cancer cells in a dose-dependent manner, and this effect is critically dependent on a sustained increase in intracellular Ca 2+ (94), 
pointing to a novel therapeutic strategy.

bcl-2 is normally expressed in the basal cells of the prostate glandular epithelium, which is resistant to the effects of androgen withdrawal ( 95,96). In contrast, the 
bcl-2–negative secretory glandular epithelial cells undergo apoptotic cell death in response to androgen deprivation ( 95,97). High levels of bcl-2 expression are seen 
with greater frequency as prostate cancers progress from localized (7% of tumors overexpressing bcl-2) to metastasizing androgen-dependent (17%) to 
androgen-independent (67%) tumors (91,98). Several groups have shown that androgen-independent prostate cancers are typically immunoreactive for bcl-2 protein 
(95,97). Thus, it appears that bcl-2 may enable prostate cancer cells to remain viable despite castrate levels of androgen, and that hormone ablation therapy may be 
selecting for bcl-2–positive cells that fail to undergo apoptosis after hormone withdrawal ( Fig. 20-1).

Expression of bcl-2 has been shown to correlate inversely with clinical outcome in patients undergoing radical prostatectomy for treatment of clinically localized 
prostate cancer (99). Expression of bcl-2 has also been shown to be an adverse prognostic indicator in patients with locally advanced or metastatic prostate cancer 
receiving hormonal therapy (97). Interestingly, expression of bcl-2 within prostate carcinoma cells is associated with resistance to cell death induction by various 
chemotherapeutic agents. A mechanism whereby bcl-2 induces its antiapoptotic effect may be via regulation of microtubule integrity ( 100). Anticancer drugs that 
inhibit microtubule function—for example, paclitaxel and vinblastine—also induce bcl-2 phosphorylation that leads to its inactivation and then apoptotic cell death. In 
contrast, drugs that damage deoxyribonucleic acid—for example, doxorubicin and cisplatin—do not induce bcl-2 phosphorylation or inhibit microtubule formation. The 
phosphorylation of bcl-2 involves the serine or threonine protein kinase c-Raf-1 ( 101). In contrast, the antiapoptotic function of bcl-2 may require phosphorylation of 
serine 70, one of several residues targeted by the c-jun-N-terminal kinase ( 102,103). Furthermore, it has been suggested that bcl-2 can target Raf-1 to mitochondrial 
membranes and that the localization of Raf-1 on the outer mitochondrial membrane protects cells from undergoing programmed cell death, resulting in the 
phosphorylation of the proapoptotic protein, Bad ( 104). Growth factor activation of phosphatidylinositol 3'-kinase (PI3K)/Akt signaling pathway (see section PTEN) 
also results in phosphorylation of Bad, thereby promoting cell survival ( 105,106).

The expression of the bcl-2 family members bcl-xL and mcl-1 has also been assessed in prostate cancer using immunohistochemistry ( 107). Bcl-xL expression was 
observed in all cases examined, with increasing intensity in higher-grade lesions. Similarly, the antiapoptotic mcl-1 protein was detected in 80% of tumors, and 
increased intensity was associated with higher tumor grade.

It may be anticipated that the inactivation of p53 and expression of bcl-2 may each confer a growth advantage to prostate cancer cells, as well as resistance to 
therapeutic cell death induction. Studies have shown that overexpression of bcl-2 and p53 in prostatectomy specimens independently predicts an aggressive clinical 
course (108,109). In addition, bcl-2 can function in p53-dependent and -independent pathways to apoptosis ( 110,111). The observations of an inverse correlation 
between p53 and bcl-2 expression in advanced, androgen-independent tumors, and the lack of genetic complementation between these two genes in animal models 
of multistep carcinogenesis, suggest an effector and repressor role, respectively, in a common cell death pathway ( 112).

The Cyclin-Dependent Kinase Inhibitor: p27

p27kip1 (p27) is a member of the universal cyclin-dependent kinase inhibitor family and is a putative tumor suppressor gene ( 113,114 and 115). The p27 gene 
regulates progression of the cell cycle from G 1 to S phase by binding to and inhibiting the cyclinE-cdk2 complex ( 116,117). In the normal adult prostate, p27 mRNA is 
localized in basal acinar cells ( 118,119). In contrast, p27 protein is present primarily in the terminally differentiated secretory cells. However, the normal basal cell 
compartment also shows selective p27 protein expression. Cells lacking p27 and expressing basal cell–specific cytokeratin are present between the basal and luminal 
cells and appear to be increased in prostate tissue previously subjected to androgen blockade and in BPH. The lack of nuclear p27 may, therefore, delineate a 
potential transiently proliferating subcompartment ( 119). Because reduced expression of p27 removes a cell-cycle block in human prostate epithelial cells, 
dysregulation of p27 expression may be a critical early event in the development of prostatic neoplasia. In fact, prostatic intraepithelial neoplasia, both in humans and 
in rats (M. Loda and I. Leav, unpublished data, 2000), shows low to absent p27 levels, suggesting that it may derive from (and persist as) the p27 
negative-proliferating compartment of basal cells. Several groups observed that primary prostate carcinomas with lower levels of p27 protein were more biologically 
aggressive (118,120,121,122 and 123). In addition, Cordon-Cardo et al. observed that p27 protein and mRNA were almost undetectable in epithelial and stromal cells 
of BPH, supporting the hypothesis that lack of p27 is associated with proliferation ( 118).

In prostate cancer, p27 expression progressively decreases with increased tumor grade and stage in the majority of studies published to date ( 120,121 and 
122,124,124a). In terms of predictive value, low p27 correlates with seminal vesicle involvement and positive surgical margins, whereas in poorly differentiated 
tumors, low p27 seems to predict a low likelihood of organ-confined disease ( 125). In several published series, loss of expression of p27 by immunohistochemistry 
has been shown to be a powerful indicator of poor prognosis, independent of the traditional predictive parameters, such as preoperative PSA levels and Gleason 
score, particularly in organ-confined disease. The prognostic value of p27 is particularly important in organ-confined disease, which has up to 20% PSA recurrence 
rate at 5 years. In a multivariate analysis, we found that loss of p27 confers a fivefold relative risk of recurrence independent of Gleason grade and preoperative PSA 
in patients with T2a-3b disease (122).

p27 expression in the prostate may also be regulated by androgens. Using the castrated-regenerating Noble rat prostate model, we found that reintroduction of 
testosterone-induced p27 levels to precastration levels with a notable (if transient) initial decrease in p27 due to an increase in its degradation ( 125a). Chen et al. also 
showed that p21 and p27 levels in the ventral prostate of the castrated rat increased after androgen treatment but diminished transiently at the peak of prostate 
epithelial proliferation and returned to high levels when the proliferation ceased ( 126). The androgen-dependent human prostate tumor cell line LNCaP can adapt to 
an androgen-depleted environment and give rise to androgen-independent cells. Growth in these cells has been shown to be paradoxically repressed by androgens 
through a mechanism involving p27 induction and accumulation. Taken together, these studies suggest the attractive hypothesis that p27, when expressed, may shift 
androgen action from a proliferative to a differentiating one. It is possible that androgens regulate p27 through a mechanism involving the protooncogene c-myc, 
which is amplified or overexpressed in late stages of prostate cancer ( 127,128) (see section c-myc and Prostate Stem Cell Antigen). Previous studies have shown that 
c-myc overexpression can block p27-induced cell cycle arrest and c-myc expression is repressed by androgen in LNCaP androgen-independent sublines ( 129,130). 
In untreated patients, low p27 predicts treatment failure. In addition, in patients treated with hormonal therapy, a low p27 level is a strong predictor of poor outcome 
(121). We have observed an increase in p27 staining after neoadjuvant hormonal therapy and suggest the possibility (supported by our studies in rats) that a block in 
p27 degradation is induced by this treatment modality ( 125a). In summary, p27 is arguably the best independent predictor of biologic behavior of prostate cancer, 
particularly in organ-confined disease, and may predict response to hormonal ablation therapy ( Fig. 20-1).

E-Cadherin

The long arm of chromosome 16 (16q22.1) is deleted in 30% of primary and more than 70% of metastatic prostate cancer by LOH analysis ( 131). This region contains 
the E-cadherin gene. E-cadherin is a Ca2+-dependent cell surface glycoprotein found on epithelial cells that functions as a Ca 2+-dependent epithelial cell adhesion 
molecule. Its intracellular domain binds directly to b -catenin that, along with a-catenin, links E-cadherin to the underlying actin cytoskeleton ( 132). In addition to its 
role in adhesion, b-catenin has been implicated in Wnt signal transduction and links the adenomatous polyposis coli (APC) tumor suppressor protein with transcription 



factors of the LEF/TCF family (133,134,135 and 136). Vogelstein et al. have shown that in colon cancers, inactivation of the APC tumor suppressor gene results in 
increased b-catenin accumulation and subsequent increased transcription of the c-myc oncogene (137).

In many carcinomas, cadherins or catenins are lost or down-regulated, resulting in a reduced level of intercellular adhesion. Loss of E-cadherin function may endow 
tumor cells with a relative growth advantage over normal contact-inhibited cells. Experimentally, expression of the E-cadherin protein suppresses, whereas loss of 
expression enhances, the invasiveness and motility of epithelial cells. Using immunohistochemistry, Umbas et al. were able to show a correlation between decreased 
E-cadherin expression and metastatic progression and show that loss of E-cadherin staining is a powerful predictor of poor outcome and overall survival ( Fig. 20-1) 
(131). E-cadherin has been shown to mediate inhibition of invasion and proliferation via the induction of p27 in three-dimensional culture ( 138). These findings link 
extracellular stimuli to the cell-cycle machinery and suggest a role for E-cadherin and p27 as both invasion and growth suppressors (139).

PTEN

Phosphatase and tensin homologue deleted on chromosome ten (PTEN)/mutated in multiple advanced cancers (MMAC)/transforming growth factor beta–regulated 
and epithelial cell–enriched phosphatase (TEP1) is a candidate tumor suppressor gene located at 10q2.3 ( 140,141 and 142). Homozygous inactivation of 
PTEN/MMAC/TEP1 (hereafter, PTEN) occurs in a large number of high-grade glioblastomas ( 143,144,145 and 146), melanomas (147), advanced prostate cancer 
(148,149), and endometrial cancers (150). Interestingly, PTEN appears to suppress cell growth by distinct mechanisms in different types of tumors, producing G 1 cell 
cycle arrest in glioblastoma cells but inducing apoptosis in carcinomas.

PTEN is able to dephosphorylate tyrosine and threonine residues and, in addition, can dephosphorylate a subset of inositol phospholipids, namely 
PI-3,4,5-trisphosphate (PI-3,4,5-P 3).

Tamura et al. reported that PTEN associated with and could dephosphorylate a phosphoprotein, focal adhesion kinase (FAK), suggesting a role for PTEN in 
regulation of focal adhesion structure, cell spreading, and mobility ( 151). However, extremely high (stoichiometric rather than catalytic) amounts of PTEN were 
required to dephosphorylate FAK. It is known that the biologically more relevant targets of PTEN are now phospholipids, namely PI-3,4,5-P 3 (152). The finding that 
PTEN dephosphorylates PI phosphates has led to a model of how PTEN acts as a tumor suppressor gene, a model linking PTEN to control of at least two known 
cellular protooncogenes, PI3K and Akt (153,154). PTEN inhibits PI3K-dependent activation of Akt (also called protein kinase B), a serine-threonine kinase. Deletion or 
inactivation of PTEN results in constitutive Akt activation. Activation of PI3K and Akt has been shown to provide a survival signal in response to nerve growth factor, 
insulinlike growth factor 1, platelet-derived growth factor, interleukin 3, and the extracellular matrix ( 155,156). Akt is likely to send survival signals by phosphorylating 
multiple targets, including the bcl-2 family member Bad and the cell death pathway enzyme caspase-9 ( 105,157).

In addition, PTEN-deficient cell lines show an accelerated entry into S phase, and this is accompanied by down-regulation of p27 ( 158). These studies suggest that 
PTEN modulates two critical cellular processes, namely cell survival and cell-cycle progression. Furthermore, Gu et al. have also defined a role for PTEN in cellular 
signaling via the mitogen-activated protein kinase (MAPK) signaling pathways ( 159). They showed that PTEN dephosphorylates Shc and FAK, which is subsequently 
followed by inhibition of Ras activation, followed by further downstream effects targeting the extracellular signal-regulated kinases (Erk) pathway of MAPK signaling 
(see also section Mitogen-Activated Protein Kinase Phosphatase 1).

LOH at the PTEN locus has been observed in 29% to 42% of prostate tumors, and screening for homozygous deletions has identified a second mutational event in 
43% of prostate tumors (148,160). LOH at 10q was found in 11 of 60 tumors (18%) that were localized to the prostate, but also in 12 of 20 pelvic metastases (60%). 
This observation suggested that PTEN may be an important tumor suppressor in a subset of prostate cancers and that inactivation of PTEN may be an important 
secondary genetic event that contributes to prostate cancer progression. We have found that 20% of primary prostate tumors lack detectable PTEN protein as 
assessed by IHC staining (161). In this series, PTEN loss was highly correlated with Gleason grade and advanced stage ( Fig. 20-2). We and others have shown that 
cell lines and tumors in which PTEN is lost have elevated levels of Akt. Thus, loss of IHC detection of PTEN might predict for the presence of activated Akt and, in 
turn, might become useful as a factor predictive of success for therapies directed against this pathway. In general, the use of this type of predictive factor, such as the 
estrogen receptor in breast carcinoma, which can predict for the efficacy of a given therapy such as tamoxifen, has great clinical use as they directly impact treatment 
decisions.

FIGURE 20-2. Gleason grades 3 and 5 prostate adenocarcinoma. A: Hematoxylin and eosin–stained section, the small arrow indicates a Gleason grade 3 tumor, and 
the large arrow indicates a Gleason grade 5 tumor. B: Positive staining for PTEN in Gleason grade 3 tumor ( small arrow) and absence of staining for PTEN in 
Gleason grade 5 tumor ( large arrow). (From McMenamin ME, Soung P, Perera S, et al. Loss of PTEN expression in paraffin-embedded primary prostate cancer 
correlates with high Gleason score and advanced stage. Cancer Res 1999;59:4291–4296.)(See also color Figure 20-2.)

Androgen Receptor and Her2/neu

Androgens are required for the development of the normal prostate and prostate cancer ( 162,163). Androgens act through the androgen receptor (AR), which belongs 
to the steroid receptor superfamily of ligand-dependent transcription factors ( 164,165). The AR has a central role in mediating the biologic effects of androgens to 
different downstream genes. After binding to the androgen, AR is phosphorylated, dimerized, and translocated to the cell nucleus, in which it binds to 
androgen-responsive elements (AREs) at the promoter region of target genes ( 166,167). New evidence suggests that AR can regulate genes that have and do not 
have AREs (168). Several candidate genes, which are androgen regulated, include cell cycle genes such as cyclins A, D1-D3, E, cyclin-dependent kinases (169,170 
and 171); early response genes, such as fos and jun (172,173 and 174); signal transduction genes, such as Ha-Ras (175), p21 (176,177 and 178), and p27 (126); and 
peptide growth factors and their receptors (179,180 and 181).

The only effective treatment for metastatic prostate cancer is hormonal or androgen-ablative therapy ( 182). Although an initial response to hormonal therapy is 
observed in 70% to 80% of patients with advanced disease, the duration of response is finite, lasting only 12 to 18 months ( 183,184).

Proposed mechanisms of progression to androgen-independent growth include loss of AR expression ( 185,186); amplification of the AR gene (187); mutations of the 
AR gene, including shortened numbers of CAG nucleotide repeat sequences; and recruitment of coactivators, such as ARA70 ( 188,189 and 190). In addition, Craft et 
al. have recently shown that the tyrosine kinase receptor Her2/neu can modulate responses in the setting of low androgen levels by restoring AR function, resulting in 
ligand-independent growth and, thus, clinical progression of the cancer ( 191). In addition, Yeh et al. have shown that Her2/neu can increase growth rate, PSA level, 
and AR transactivation in prostate cancer cells via the MAPK pathway ( 192).

IHC studies have demonstrated expression of AR in primary, advanced, and hormone-refractory prostate cancers, suggesting that disease progression is not 
necessarily associated with loss of AR expression ( 163). We and others report that there is also considerable heterogeneity of AR expression in specimens and 
among patients (193,194,195,196,197 and 198). Using computer-assisted image analysis, we have previously shown that the heterogeneity of AR expression 
increased with increasing Gleason grade ( 193). However, this method may not be practical for routine use. We have recently shown that Her2/neu protein expression 
increases progressively from untreated patients to those subjected preoperatively to androgen ablation to maximal levels in androgen-independent tumors ( 198a). 
These studies in human tumors strongly support the contention that Her2/neu overexpression can superactivate the existing AR pathway and substitute for it to confer 



androgen-independent tumor cell growth.

Mitogen-Activated Protein Kinase Phosphatase 1

In eukaryotic cells, activation of growth factor receptors activates the MAPK cascade, which is extensively used for transcytoplasmic signaling to the nucleus ( 199). 
After ligand growth factor receptor interaction, a number of molecules, including Ras and Raf, are recruited to the plasma membrane, in which they become 
sequentially activated (200,201,202,203 and 204). Ultimately, a family of enzymes, collectively known as MAPKs, are activated and transduce diverse cellular 
responses, such as cell growth, differentiation, and apoptosis ( 199). Recently, three structurally related MAPK subfamilies were identified: the Erks, the c-jun 
N-terminal kinases (JNKs)/stress-activated protein kinases (SAPKs), and the p38/reactivating kinase (RK) ( 205,206,207 and 208). JNK/SAPKs and p38/RK mediate 
signals in response to environmental stress, and cytokines transmit the effect of cellular insults or injury to the nucleus, mediating apoptosis ( 209,210 and 211). MAPK 
signaling is turned off in several cell systems by the action of a dual specific phosphatase MAPK phosphatase 1 (MKP-1) that hydrolyzes the phosphates on threonine 
and tyrosine residues (211,212,213 and 214).

In human prostate cancer, it has been shown that MKP-1 can differentially regulate the interaction or cross-talk between MAPK pathways and might be a key control 
point of their relative activities ( 215). Therefore, the balance between growth factor–activated Erk and stress-activated JNK/SAPK-p38/RK pathways selectively 
inhibited by MKP-1 may be essential in determining whether a prostate cancer cell survives or undergoes apoptosis. We have previously shown that MKP-1 is 
overexpressed in the early phases of prostate cancer, with progressive loss of expression with higher histologic grade and in advanced disease stage ( 216,217). In 
addition, MKP-1 expression was inversely correlated to JNK-1 but not to Erk-1 enzymatic activity ( 215). In the same series, we also showed that MKP-1 and bcl-2 
were inversely related to apoptotic indices. This inverse correlation between MKP-1 and parameters of programmed cell death support the hypothesis that MKP-1 
inhibits apoptosis in human prostate tumors via inhibition of stress-activated kinases. To support this hypothesis, current data from our laboratory also indicate that 
MKP-1 is able to block apoptosis induced by testosterone withdrawal in LNCaP cells via selective inhibition of the JNK/p38 pathways (G. Cangi, C. Magi-Galluzzi, and 
M. Loda, unpublished data, 2001). Assessment of MKP-1 and bcl-2 expression may, thus, be important in predicting response to therapy, particularly to hormonal 
ablation.

C-myc and Prostate Stem Cell Antigen

One of the most specific genetic changes detected by means of comparative genomic hybridization in hormone-refractory prostate cancer is the gain of 8q and 
especially the 8q-qter region ( 218,219 and 220). One possible target at the 8q24 region is the myc gene.

The c-myc gene is an immediate, early-response gene that is activated by mitogenic stimuli, resulting in proliferation ( 221). Recent studies have shown that c-myc 
activities are modulated by a network of nuclear basic region/helix-loop-helix/leucine zipper proteins ( 222). The Max protein is at the center of this network, in that it 
forms heterodimers with myc that result in transcriptional activation. Max also forms heterodimers with the Mad family of proteins, of which Mxi-1 is a member ( 223). 
Mad-Max complexes result in repression of transcription. Mad proteins, therefore, act as an antagonist of myc ( 224). Of note, Mxi-1 knockout mice demonstrate a 
cancer-prone phenotype with hyperplastic changes seen in the prostate ( 225).

Fluorescent in situ hybridization analysis has identified high-level amplification of c-myc in more than 20% of recurrent and metastatic prostate cancers (127,128). 
Amplification of c-myc correlates with high levels of c-myc protein expression ( 127). Furthermore, inhibition of c-myc expression by retrovirus encoding antisense 
c-myc can mediate tumor regression in a prostate cancer xenograft ( 226). C-myc can also cooperate with Ras to induce prostate cancer in various rat and murine 
model systems. Evaluation of case-matched prostate cancer biopsies from patients undergoing androgen ablation suggests that levels of c-myc expression increase 
after castration (227). Bubendorf et al., using fluorescent in situ hybridization analysis on tissue microarrays, showed high-level c-myc amplification in 11% of 
metastases from patients with hormone-refractory disease, suggesting a role for c-myc in metastatic progression ( 228). However, there may be other, currently 
unknown target genes at the distal 8q locus whose increased copy number is selected during cancer progression. One such candidate gene is the newly described 
prostate stem cell antigen (PSCA).

PSCA is a glycosyl PI (GPI)–anchored cell surface protein with predominant expression in the prostate ( 229). It shares a 30% nucleotide homology with stem cell 
antigen 2, a member of the Thy-1/Ly-6 superfamily of GPI-anchored cell surface antigens. The Ly-6 gene family is involved in signal transduction and cell-cell 
adhesion (230). Signaling through stem cell antigen 2 has been shown to prevent apoptosis in immature thymocytes ( 231). Thy-1 is involved in T-cell activation and 
transmits signals through srclike tyrosine kinases ( 232). Ly-6 genes have been implicated in tumorigenesis and homotypic cell adhesion ( 233,234 and 235). Although 
the biologic function of PSCA is not known at present, we hypothesize that it may play a role in stem cell or progenitor cell functions, such as self renewal 
(antiapoptosis) or proliferation, or both. PSCA maps distal to c-myc at the 8q24.2 locus. PSCA mRNA is expressed strongly in 80% of primary prostate cancers and is 
overexpressed in two prostate cancer xenografts (229). We have recently characterized PSCA protein expression using a panel of PSCA-specific monoclonal 
antibodies. These antibodies recognize PSCA on the cell surface of normal and malignant prostate cells. PSCA protein was overexpressed in cancer compared to 
normal in 36% of primary tumors and in 100% of bone metastases studied, suggesting that increased PSCA protein expression may correlate with prostate cancer 
progression and metastases to bone (235a). In addition, we have shown that PSCA is coamplified with c-myc (Fig. 20-3) and that PSCA amplification correlates with 
overexpression (236). As it localizes to the surface of prostate cancer cells and because of its almost exclusive expression in prostate, PSCA may also represent an 
important therapeutic target.

FIGURE 20-3. Fluorescent in situ hybridization analysis looking at c-myc and prostate stem cell antigen (PSCA) copy number in two patients with locally advanced 
prostate cancer. In (A) and (C), for case No. 34 there is simple gain of chromosome 8 without any additional increase in c-myc or PSCA copy number. A: Most nuclei 
have three signals for both c-myc (red) and a probe for the centromere (green). A similar result is seen in (C), with three signals for PSCA (red) and CEP-8 (green). In 
(B) and (D), for case No. 75, there is additional increase in PSCA and c-myc copy number compared with the centromere, indicative of amplification of these two loci. 
B: There are, on average, five red signals ( c-myc) and two green signals (CEP-8). Similarly, (D) there are five red signals (PSCA) and two green signals (CEP-8), 
again consistent with an additional increase of PSCA copy number.(See also color Figure 20-3 .)

Thymosin b15

A well-characterized series of cell lines that show varying metastatic potential have been developed from the Dunning rat prostate carcinoma model ( 237). Thymosin 
b15 was cloned by differential mRNA display as a result of its overexpression in the highly motile and metastatic Dunning cancer cell line ( 238). Thymosin b15 binds 
monomeric actin and retards actin polymerization. Our studies revealed that thymosin b15 directly regulates cell motility in prostate cancer cell lines ( 239).

In situ hybridization for thymosin b15 in prostate carcinoma revealed the most extensive and intense staining in high-grade (Gleason scores 8 to 10) cancers, followed 
by moderately differentiated prostate cancers with Gleason scores of 6 to 7 ( 238). In addition, strong staining was seen in both lymph node and bone metastases. In 
contrast, all cases of BPH cases examined were negative. Thymosin b15 thus represents a powerful predictor of subsequent development of metastases when 
expressed in localized prostate cancer (Fig. 20-1).



Maspin

The novel tumor suppressor gene maspin was originally isolated from normal mammary epithelium by subtractive hybridization and differential display techniques and 
was shown to have tumor-suppressive activity, including inhibition of breast cancer tumor cell motility, invasion, and metastases ( 240,241,242,243 and 244). Maspin is 
located at chromosome 18q21.4 and contains sequence homology with several members of the serine protease inhibitor superfamily (serpins), including plasminogen 
activator inhibitor-1, -2, a-1 antitrypsin, as well as the noninhibitor serpin proteins, such as ovalbumin ( 245,246). The expression of maspin in prostate cell lines has 
been shown to be negatively regulated at the transcriptional level by a hormone-responsive site recognized by the AR. We investigated 207 prostate cancers by 
immunohistochemistry using a monoclonal maspin antibody.

Our results show that maspin is predominantly but not exclusively localized in basal cells of the prostate glands ( Fig. 20-4). Although frequent loss of 18q has been 
demonstrated in prostate cancer (247,248,249 and 250), we found maspin expression in poorly differentiated tumors and in nonorgan-confined tumors (E. Macri and 
M. Loda, unpublished data, 2000). In addition, we found maspin expression in androgen-independent tumors, compared to androgen-dependent tumors, suggesting 
that maspin could be used as a predictor of cancer progression or androgen independence, or both.

FIGURE 20-4. A: Positive staining for maspin localized to the basal cells and prostate intraepithelial neoplasia ( small arrow) and absence of staining in Gleason 
grade 3 tumor (large arrow). B: Positive staining for maspin in androgen-independent tumor ( small arrow).(See also color Figure 20-4 .)

CONCLUSION

Prostate cancer exhibits a wide range of biologic behavior. Preoperative serum PSA, Gleason tumor grade, and stage are the most widely used variables at present in 
predicting prognosis, relapse, and metastatic potential. As a result of screening, patients increasingly present with organ-confined disease. However, a significant 
percentage of these patients recur after prostatectomy. The goal of molecular staging of prostate cancer is to identify genes involved in pathways relevant to prostate 
cancer pathogenesis and to use them as prognostic or predictive markers, or both, in serum and tissue-based assays. In this chapter, we have discussed a variety of 
candidate markers that have been found to be relevant in the various stages of prostate cancer progression. Another emerging technology gaining widespread use is 
the complementary DNA (cDNA) arrays and oligonucleotide chips. cDNA microarrays consist of thousands of different cDNA clones spotted onto known locations on 
glass microscope slides, and these slides are then hybridized with differentially labeled cDNA populations made from the mRNAs of two different samples ( 251,252). 
The primary data obtained are the ratios of fluorescence intensity (red or green), representing the ratio of concentrations of mRNA molecules that hybridized to each 
of the cDNAs represented on the array. The oligonucleotide technology involves the hybridization of fluorescently labeled RNAs to oligonucleotides of known 
sequence that are photolithographically synthesized on a solid surface ( 253,254). Thousands of genes can be identified by these large-scale expression assays. To 
then confirm the prognostically meaningful genes that are involved in cancer progression, we need to examine large databases of tumor samples with clinical 
follow-up. This is best done by using the newly developed tissue microarray-based technology for high-throughput molecular analyses of tumor samples ( 255). This 
technique is based on arraying cylindric biopsy specimens from hundreds of different tumors into a single paraffin block. Consecutive sections of this tissue 
microarray block can then be used for analysis of multiple molecular alterations—for example, by in situ hybridization and immunohistochemistry. Both technologies 
complement each other and will undoubtedly be invaluable in identifying molecular signatures of tumors that may predict biologic behavior independent of or as an 
adjunct to morphologic classifications.

The challenge ahead is to conclusively determine the role some of these genes play as prognostic or predictive markers, or both, using large, retrospective, possibly 
multiinstitutional databases with long-term follow-up. A difficult problem that needs to be overcome is the use of such markers as prognosticators in needle biopsies 
before any therapy. Unfortunately, the extreme heterogeneity of prostate cancer, in terms of cell by cell expression for a given marker, currently precludes their use as 
predictors in the initial assessment by needle biopsy. Potential therapeutic targets are also beginning to emerge. This will result in novel and more specific therapeutic 
modalities for a disease in which the mainstay of treatment, androgen ablation, is only temporarily effective.
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INTRODUCTION

Prostate cancer is the most commonly diagnosed cancer and the second leading cause of cancer deaths in American men. More than 179,300 men will be diagnosed 
with prostate cancer in 1999, and an estimated 37,000 of them will die of their disease ( 1). Improvements in staging, primarily through the use of prostate-specific 
antigen (PSA) testing coupled with digital rectal examination (DRE), have revolutionized our ability to detect prostate cancer at an early, curable stage. Advances in 
surgical technique and perioperative care have revolutionized our ability to cure organ-confined prostate cancer with acceptable morbidity. This chapter focuses on 
the role of radical prostatectomy in the management of localized prostate cancer, including the rationale for surgical intervention, selection of patients, postoperative 
morbidity, and cancer control.

NATURAL HISTORY OF UNTREATED PROSTATE CANCER

Despite prostate cancer's epidemic proportions, it often has an indolent clinical course and characteristically afflicts older men. The histologic prevalence of occult 
prostate cancer greatly exceeds the clinical incidence of prostate cancer ( 2). Because of these issues, the role of definitive surgery in the management of prostate 
cancer has engendered enormous debate. Randomized and appropriately powered studies comparing active therapy with watchful waiting will not produce useful data 
for many years (3). Even when completed, these studies are unlikely, in isolation, to provide definitive answers regarding management of clinically localized prostate 
cancer. Men newly diagnosed with prostate cancer and their physicians require useful information now for making rational decisions regarding treatment. Insight for 
this decision process can be obtained by carefully studying the course of prostate cancer managed with deferred or ineffective therapies.

RESULTS OF DEFERRED THERAPY

Several investigators have evaluated the natural history of prostate cancer by studying patient cohorts receiving no therapy until progression. These studies, although 
often limited by selection bias, have been touted as evidence of the benignity of prostate cancer and used to support deferred therapy. Johansson and colleagues, in 
a widely quoted study, found 5- and 10-year progression-free survival rates of 68% and 53%, respectively ( 4). Whitmore and colleagues reported 100% and 84% 
cancer-specific survival in a group of men receiving deferred therapy at 5 and 10 years, respectively ( 5).

Although these progression-free survival rates are impressive, Whitmore and associates reported on a group of only 75 patients selected from a total of 4,000 men. 
Johansson reported on only 223 of 306 eligible patients. For the initial 24 months of patient accrual in the Johansson series, only men with well-differentiated (grade 
1) tumors were enrolled. Men with moderately (grade 2) and poorly differentiated (grade 3) tumors were subsequently enrolled, but these men represented too small a 
fraction of the study population to allow valid comparison with men who are actually candidates for radical prostatectomy. During most of the studies' enrollment 
period, half of the men younger than 75 years of age received external beam radiotherapy, whereas all men older than 75 years were assigned to deferred therapy 
(observation). The patients in the Johansson series had predominantly low-grade disease, were significantly older (mean age, 72 years) than contemporary radical 
prostatectomy series, and had a mean follow-up of only 10 years. Many of these men were diagnosed with cytology performed on fine-needle biopsy specimens. This 
modality has been associated with an unacceptable level of false-positive results, making it possible that some of these men did not actually have prostate cancer ( 6). 
In fact, one patient reported to have expired free of progression was determined at autopsy to have died from prostate cancer, casting doubt on the rigor of follow-up. 
This study population cannot be considered typical of patients undergoing curative therapy in the United States. At 10-year follow-up, 47% of the men in this series 
had developed progression, and 84% of men progressing had received androgen ablation therapy. These results compare unfavorably with contemporary surgical 
series despite the much higher percentage of high-grade cancers in those series.

Fleming and associates attempted to assess the benefit of definitive therapy in comparison to deferred therapy using a decision analysis model, in which the 
likelihood of prostate cancer progression was estimated from review of the literature ( 7). The authors concluded that for patients with moderately or poorly 
differentiated prostate cancer, radical prostatectomy or radiotherapy provided approximately 3.5 additional years of “quality-adjusted life expectancy” and that these 
definitive therapies provided limited benefit relative to deferred therapy in men with well-differentiated tumors. The findings of this decision analysis model are 
critically dependent on the rates of progression to metastatic disease and the estimated morbidity of definitive therapy used to construct the model. Fleming and 
associates obtained estimated progression rates from five deferred therapy series, four of which contained only men with occult, incidentally discovered cancers 
(8,9,10 and 11). The fifth series used in this model was based on the cohort reported by Johansson et al. and was discussed earlier ( 12). These patients are not 
representative of candidates for radical prostatectomy. The progression rates found in these series were unrealistically low, minimizing any survival advantage found 
for definitive therapy.

In the Fleming model, any survival benefit from definitive therapy was arbitrarily reduced based on expected morbidity, and these expectations also played a critical 
role in determining any benefit found for definitive therapy. All men were assumed to be potent preoperatively, all men with focal extraprostatic extension of cancer 
were classified as not cured, and urinary incontinence and impotence were assigned more importance than death from metastatic prostate cancer. With these 
assumptions in place and with unrealistic rates of progression to metastatic disease, the results of this model must be viewed with skepticism.

In attempting to circumvent the problem of selection bias, Aus performed a retrospective analysis of all 536 patients dying of prostate cancer over a 2-year period in a 
single Swedish town (13). The intervals between diagnosis and death were as long as 25 years. In contrast to the findings of Johansson and Whitmore, approximately 
63% of men surviving more than 10 years who were clinically metastasis free at diagnosis died of prostate cancer. When managed with noncurative intent, 75% of 
men younger than 65 years of age at diagnosis succumbed to prostate cancer. This study also demonstrates that, because of the prolonged natural history of prostate 
cancer, disease-specific mortality figures are only significant after approximately 15 years of follow-up. Certainly, prostate cancer death rates at 10 years reflect the 
number of men who presented with occult metastatic disease and were incurable at presentation.

Chodak and colleagues evaluated the natural history of prostate cancer by summarizing the results of six nonrandomized studies totaling more than 800 men treated 
with observation and delayed hormonal therapy for clinically localized prostate cancer ( 14). In these men, prostate cancer grade had a defining influence on outcome. 
Although 60% of the men in this study had grade 1 disease, overall metastatic rates at 10 and 15 years were substantial. At 15 years, 40% of grade 1 tumors had 
metastasized, as had 70% of grade 2 and 85% of grade 3 tumors (Fig. 21-1). Many men in this study received hormonal therapy at the time of biochemical (PSA) 
progression, actually delaying the appearance of metastatic disease.



FIGURE 21-1. Metastasis-free survival among untreated patients with localized prostate cancer by tumor grade (1 to 3) illustrating the defining influence of grade on 
risk of prostate cancer progression. (From Chodak GW, Thisted RA, Gerber GS, et al. Results of conservative management of clinically localized prostate cancer. N 
Engl J Med 1994;330:242–248, with permission.)

Albertsen and colleagues used the Connecticut Tumor Registry to examine outcomes in 451 men with T1 and T2 tumors receiving either immediate or delayed 
hormonal therapy (15). Tumor grade had a dominant influence on long-term outcome, with 15-year cancer-specific mortality rates of 9% in men with Gleason sums 2 
to 4 tumors, 28% in Gleason sums 5 to 7 tumors, and 51% in men with Gleason sums 8 to 10 tumors. Although the long-term survival of men with well-differentiated 
tumors was not significantly different from the general population, these low-grade tumors comprised only 10% of the study population. These low-grade tumors are 
rarely diagnosed on needle biopsy and are not representative of tumors removed at radical prostatectomy. Albertsen and colleagues, again using the Connecticut 
Tumor Registry, reported that, depending on their age at diagnosis, men with Gleason sum 7 and Gleason sums 8 to 10 tumors had 42% to 70% and 60% to 87% 
cancer-specific death rates, respectively, when followed for 15 years ( 15,16).

RESULTS OF INEFFECTIVE THERAPIES

Most deferred therapy series are limited by the examination of men who are not comparable to patients undergoing radical prostatectomy and who would be unlikely 
surgical candidates. Series with younger patients and higher-grade cancers can be found if results from other treatment modalities are examined. Brachytherapy, as 
widely practiced 15 to 20 years ago, has proven ineffective in providing local control or stable biochemical (PSA) freedom from cancer progression. However, these 
men are more comparable to those in current surgical series in terms of clinical stage and grade. Indeed, additional staging information was provided for many of 
these men by staging lymphadenectomy performed before brachytherapy.

Fuks and associates reviewed a 15-year experience during which 679 men underwent iodine-125 brachytherapy for clinically localized prostate cancer ( 17). These 
men had a mean follow-up of 8 years and a mean age of 61 years. All patients included for analysis had negative lymph nodes at staging pelvic lymphadenectomy. 
Clinical stage at presentation was divided between T2 (87%) and T3 (13%) cancers. Histologic grade was low, moderate, and high in 37%, 53%, and 6% of these 
men, respectively. At 10 years, metastatic disease had developed in 30% of the patients with low-, 50% with moderate-, and 70% with high-grade disease. Overall, 5- 
and 10-year progression rates were 32% and 66%, respectively. Fuks and associates concluded that “early and complete eradication of the primary tumor is required 
if long-term cure is to be achieved.” These patients are more representative of patients undergoing radical prostatectomy than are those in deferred therapy series. 
The devastating effect of cancer in these men and the favorable outcomes of surgery in relation to deferred or ineffective therapies lend support to the advocacy of 
radical prostatectomy in properly selected patients.

SELECTION OF PATIENTS FOR RADICAL PROSTATECTOMY

The ideal candidate for radical prostatectomy has early, curable disease, a biologically significant tumor, and a reasonable likelihood of living 10 to 20 years after 
surgery. Patients undergoing definitive surgery should ideally be free of serious co-morbidities. With conservative therapy of men with localized prostate cancer, 50% 
to 75% of tumors will have progressed at 10-year follow-up ( 16). Without treatment, some 13% to 20% of these men will die of prostate cancer during the decade after 
diagnosis.

Given that patients are healthy enough to be good surgical candidates and have a long enough life expectancy to benefit from surgery, the key becomes selecting 
candidates with curable disease. Men are increasingly being diagnosed with early-stage disease. In 1974, 43% of all staged patients were clinically T3 or T4, whereas 
by 1990, only 33% presented with T3 or T4 disease ( 18). The ubiquitous use of PSA as an intended or de facto screening tool has been largely responsible for 
current rates of organ confinement on the order of 65% to 75% in series of screen-detected cancers ( 19). When defined by strict histologic criteria, the vast majority of 
tumors detected in this fashion appears to be biologically significant ( 19,20 and 21).

The use of multivariate nomograms can increase the accuracy of preoperative staging. Probability models predicting capsular penetration, seminal vesicle 
involvement, and regional lymph node metastasis were introduced by Oesterling and colleagues, who constructed algorithms based on logistic regression analysis of 
275 men with clinically localized prostate cancer undergoing radical prostatectomy ( 22). Using data from DRE, biopsy Gleason score, and serum PSA, Partin and 
associates developed a nomogram providing validated estimates of the likelihood of organ confinement and, thus, potential benefit from surgical intervention ( 23,24). 
For example, given a patient with clinical T2a disease, a PSA of 8 ng per mL, and a biopsy Gleason score of 6, the Partin nomogram predicts a 51% likelihood of 
organ-confined disease. The same patient has a 3% likelihood of seminal vesicle involvement and 2% likelihood of lymph node metastasis. Conversely, a man with a 
clinical T2c, biopsy Gleason score 8 tumor, and PSA level of 21 has only a 3% likelihood of organ confinement and a 35% probability of lymphatic metastasis. The 
role of imaging studies in selecting patients for radical prostatectomy has been an area of great controversy. The low sensitivity of computed tomography (CT) and 
magnetic resonance imaging (MRI) for the detection of local extension (CT, 55% to 75%; MRI, 20% to 70%) or lymph node metastases (CT, 25% to 45%; MRI, 0% to 
15%) limits their usefulness in selecting patients for definitive surgical therapy ( 25,26 and 27).

The ideal candidates for radical prostatectomy present with a clinical stage T1c or T2 disease, a serum PSA less than 10 ng per mL, and a biopsy Gleason score less 
than 8. Patient age is also a strong predictor of curability, with the likelihood of findings at surgery consistent with curable disease declining with advancing age ( 28). 
Patients presenting with clinical T3 disease are not ideal candidates for surgical cure. However, those with low-grade disease and focal extracapsular extension may 
be curable. The surgeon must consider the likely pathologic stage and the age and health of the patient. In men with poor odds of favorable pathology, in whom 
surgery is unlikely to be curative, but without evidence of systemic disease, three-dimensional conformal external beam radiotherapy is an excellent alternative and 
should be encouraged. Advances over the 1990s have dramatically reduced the morbidity of radical prostatectomy, and select patients can be offered a reasonable 
chance of surgical cure even with clinical parameters that suggest that organ-confinement is unlikely.

SURGICAL TECHNIQUE

The past two decades have seen a series of critical anatomic discoveries transform the surgeon's ability to cure localized prostate cancer while reducing attendant 
morbidity. Definition of the anatomy of the dorsal vein complex by Walsh and Reiner allowed radical prostatectomy to be performed in a controlled fashion and in a 
relatively bloodless field ( 29) (Fig. 21-2). Further anatomic studies led to delineation of the autonomic innervation to the corpora cavernosa, which runs outside the 
prostate and Denonvillier's fascia between the levator fascia and prostatic fascia ( 30) (Fig. 21-3).



FIGURE 21-2. Santorini's venous plexus (dorsal vein complex). A: View of trifurcation of the dorsal vein of the penis. The relationship of venous branches to 
puboprostatic ligaments is depicted. B: Lateral view shows anatomic relationship at trifurcation. In situ, these structures are encased in the pelvic fascia. Blad, 
bladder; diaph, diaphragm; Inf, inferior; Lat, lateral; lig, ligament; symph, symphysis; v, vein. (From Reiner WG, Walsh PC. An anatomical approach to the surgical 
management of the dorsal vein and Santorini's plexus during radical retropubic surgery. J Urol 1979;121:198–200, with permission.)

FIGURE 21-3. Anatomic relationship of the prostate to the pelvic fascia, the left pelvic plexus, and left neurovascular bundle. Inset: Cross section through the urethra 
just distal to the prostatic apex demonstrating the inner circular layer of smooth muscle, the outer striated urethral sphincter, and the perineal body (central tendon of 
the perineum). n, nerve; nn, nerves; v, vein.

The identification of these nerves and their relationship to the capsular vessels and investing layers of fascia made attainment of wider margins of resection possible 
(31) (Fig. 21-4). Preservation of the neurovascular bundles makes it possible to preserve sexual function in many men ( 32). The techniques involved in delineation 
and preservation of these nerves have led to the somewhat inapt moniker of nerve-sparing radical prostatectomy. In fact, radical prostatectomy, as formerly practiced 
through either perineal or retropubic approaches, did not include excision of these nerves and their associated vasculature. Instead, the neurovascular bundles were 
cut and left in place (33). Recent modifications to the apical dissection and improved understanding of the striated urethral sphincter have altered the preparation of 
the vesicourethral anastomosis, resulting in improved rates of urinary continence ( 34,35). The evolution of the technique of radical retropubic prostatectomy has 
recently been elegantly summarized by Walsh ( 36).

FIGURE 21-4. Cross section through the adult prostate demonstrating the anatomic relationships of the lateral pelvic fascia, Denonvillier's fascia, and neurovascular 
bundle (NVB). The NVB is sandwiched between the two layers of lateral pelvic fascia—the levator fascia and the prostatic fascia. Ur, urethra.

INTRAOPERATIVE COMPLICATIONS AND POSTOPERATIVE MANAGEMENT

Hemorrhage has historically been the most frequent and troublesome intraoperative complication of radical prostatectomy. Refinements in technique have reduced 
blood loss substantially, and average blood loss of less than 1,000 cc has been reported in most recent series ( 37). With the use of careful technique and 
preoperatively donated autologous blood, transfusion of banked blood is necessary in only 2% of men ( 38).

Rectal injury is a rare intraoperative complication, occurring in 10 of 1,800 (0.5%) consecutive cases at our institution. These injuries typically occur while developing 
the plane between the rectum and Denonvillier's fascia. In the event of rectal injury, the prostatectomy is completed, the bladder neck is reconstructed, and 
hemostasis is obtained. The rectum is then primarily repaired in two layers with an omental pedicle placed between the repair and the vesicourethral anastomosis. 
The anal sphincter is widely dilated digitally and the patient placed on appropriate antibiotics. Using this technique, all patients recovered without need for colostomy 
and without developing a wound infection (39). Obturator nerve and ureteral injuries are exceedingly rare. Obturator nerve injuries are repaired by direct 
reanastomosis, whereas ureteral injuries occur at or near the trigone and are repaired by ureteroneocystostomy.

The vast majority of men undergoing radical retropubic prostatectomy has an uneventful postoperative course. Patients ambulate and start a clear liquid diet the 
morning after surgery and are typically discharged from the hospital on the morning of the third postoperative day with drains removed and urethral catheters to 
gravity drainage. The urethral catheter is removed within 2 to 3 weeks after surgery. Standardized radical prostatectomy care pathways provide significant reductions 
in hospitalization-related costs without increasing morbidity or decreasing patient satisfaction with their care ( 40,41). Standardized care pathways are used for all 
patients undergoing radical prostatectomy at our institution.

Operative mortality, defined as death within 30 days of surgery, has decreased substantially with improvements in patient selection, surgical technique, and 
perioperative care and is now exceedingly uncommon after radical prostatectomy. Operative mortality occurred in 11 (0.3%) of 3,834 men in a recent study pooling 
results from several institutions ( 42). Andriole and colleagues reported an operative mortality rate of 0.2% in a series of 1,342 men undergoing radical retropubic 
prostatectomy (43). The experience at The Johns Hopkins Hospital mirrors these results, with an operative mortality of 0.2% ( 38).

The majority of men undergoing radical prostatectomy does so uneventfully. Inpatient hospital stays have fallen dramatically, and the introduction of standardized 
postoperative care paths has streamlined patient care and helped decrease costs without increasing morbidity.



EARLY POSTOPERATIVE COMPLICATIONS

Postoperative complications include myocardial infarction, thromboembolic events, anastomotic stricture, and delayed bleeding. Postoperative myocardial infarction 
after radical prostatectomy occurred in 0.6% and 0.4% of men in a large series from Washington University and the Mayo Clinic, respectively ( 43,44). The frequency 
of cardiovascular events can be minimized by identification of patients with preexisting cardiac disease, judicious fluid management, and avoidance of postoperative 
anemia (45). Deep venous thrombosis (DVT) and pulmonary embolus occur in approximately 1.0% to 1.5% of patients. In our experience, thromboembolic events 
occurred in 1.5% of 1,300 consecutive patients, with associated deaths in two (0.15%) men ( 46). Sequential compression devices and surgical stockings are used 
routinely. The use of subcutaneous heparin is also efficacious in preventing DVT and pulmonary embolus ( 47). The use of heparin has been associated with 
increased lymphocele formation and bleeding and is used at our institution only in men with a history of prior DVT, pulmonary embolus, or thrombophlebitis ( 46). 
Avoidance of trauma to venous and lymphatic structures, postoperative dorsiflexion exercises, and early ambulation are important for DVT prophylaxis. Because most 
thromboembolic complications will occur after discharge from the hospital, thorough patient education and close follow-up are required.

Anastomotic stricture has been reported in 0.5% to 9% of men after radical retropubic prostatectomy ( 48). Precise construction of the vesicourethral anastomosis is 
critical in providing mucosal apposition and limiting the rate of bladder neck contracture ( 49). Most strictures are amenable to simple outpatient vesicourethral 
anastomotic dilation, although some strictures require cold knife incision under direct vision ( 50). Rare patients may require endoscopic reconstruction ( 51).

Postoperative bleeding requiring acute transfusion to maintain hemodynamic stability occurred in 7 (0.5%) of 1,300 consecutive men after radical prostatectomy at our 
institution (52). The undrained pelvic hematoma will eventually liquefy and drain through the vesicourethral anastomosis. Patients stabilized with transfusion and not 
returned to the operative theatre for exploration and drainage of their pelvic hematoma risk bladder neck contracture and are more likely to suffer imperfect urinary 
continence.

The vast majority of men has an uneventful postoperative course. Improvements in surgical technique and perioperative care have decreased complication rates 
dramatically, whereas experience has improved management of the few complications that do occur.

CANCER CONTROL AFTER RADICAL PROSTATECTOMY

The most important goal of radical prostatectomy is cure of cancer. Serum PSA is the most sensitive and specific marker available to monitor for progression of 
disease after definitive therapy of prostate cancer. Local or distant recurrence of prostate cancer after radical prostatectomy does not occur in the absence of a 
detectable serum PSA level. Pound et al. recently studied 1,900 consecutive men undergoing radical prostatectomy and followed them for more than 10,000 
patient-years, finding that progression was accompanied in every instance by a detectable serum PSA ( 53). Evaluation of postoperative cancer control should, 
therefore, be based primarily on postoperative PSA monitoring. Biochemical (PSA) disease-free survival has been widely validated as a surrogate for cancer-specific 
survival and, thus, cancer control after radical prostatectomy.

Multiple institutions have reported on biochemical (PSA) disease progression rates in large radical prostatectomy series. Table 21-1 provides a summary of patient 
characteristics and outcomes in several of these series. Data from the The Johns Hopkins Hospital series by Walsh have recently been summarized ( 54). In a series 
of 1,623 men who underwent radical prostatectomy for clinically localized prostate cancer, recurrence occurred in 276 (13%) at a mean follow-up of 5 years. Overall, 
actuarial (Kaplan-Meier) biochemical progression-free rates at 5 and 10 years were 80% and 68%, respectively. These data are summarized in Figure 21-5.

TABLE 21-1. SUMMARY OF SEVERAL LARGE RADICAL RETROPUBIC PROSTATECTOMY SERIES

FIGURE 21-5. Kaplan-Meier actuarial progression-free likelihood for overall progression, isolated prostate-specific antigen (PSA) elevation only, local recurrence, and 
distant progression with or without local progression. One thousand six hundred and twenty-three men were included in the analysis. (From Pound CR, Partin AW, 
Epstein JI, et al. Prostate-specific antigen after anatomic radical retropubic prostatectomy: patterns of recurrence and cancer control. Urol Clin North Am 1997;24:395, 
with permission.)

Overall, actuarial cancer-specific survival rates were 99% and 93% at 5 and 10 years, respectively. Clinical stage, pretreatment PSA, and pathologic Gleason score 
were all independent predictors of progression after surgery. Patients with clinical stage T1c disease, who represented 21% of all men in this series, had an actuarial 
progression-free rate of 86% at 5 years. Preoperative PSA values were obtained in 1,354 (83%) men. When analyzed based on division of preoperative PSA values 
into groups of less than 4 ng per mL, 4 to 10 ng per mL, 10.1 to 20.0 ng per mL, and greater than 20 ng per mL, there was a statistically significant correlation 
between PSA and progression-free likelihood in all groups. Biochemical (PSA) progression rates rose with increasing Gleason score. No patient in this series 
developed a local or distant recurrence without concomitant PSA elevation.

Epstein and colleagues had previously reported that the probability of an undetectable PSA level 10 years after surgery was significantly higher with Gleason score 7 
tumors in comparison to Gleason scores 8 to 10 tumors in this series (46% vs. 23%, p <.00001) (55). A combination of pathologic stage, Gleason score, and surgical 
margin status continued to be the best predictor of the probability of cancer recurrence ( 56). The results of several large radical prostatectomy series confirm those 
from The Johns Hopkins Hospital. In the Washington University series, actuarial progression-free probabilities of 78% and 65% were obtained at 5 and 10 years, 
respectively (57). The Baylor group demonstrated PSA progression-free rates of 76% at 5 years and 73% at 10 years ( 58).

These data indicate that radical prostatectomy is curative for most men presenting with organ-confined disease. A majority of men with well to moderately 
differentiated tumors with extraprostatic extension but otherwise negative margins can expect cure. In men with poorly differentiated tumors and focal extraprostatic 



extension, cure is less likely, whereas patients with lymph node involvement at the time of surgery are never free of progression with adequate follow-up.

URINARY CONTINENCE

Urinary incontinence has become less common but remains a potentially devastating sequela of radical prostatectomy. The rate and severity of incontinence are 
minimized through careful apical dissection, excellent visualization through control of hemorrhage, preservation of sphincteric innervation, and avoidance of injury to 
the smooth muscle of the urethral sphincter during construction of the vesicourethral anastomosis. Evaluation of 593 consecutive cases treated by Walsh at our 
institution revealed complete continence in 92%, with some degree of stress urinary incontinence in 8% ( 59). Of those with stress incontinence, 6% required zero or 
one pad per day, and no patients were totally incontinent. Ultimately, two men (0.3%) underwent artificial urinary sphincter placement. Continence was achieved in 
94% of men with bilateral sparing of the neurovascular bundles, 92% of patients with excision of one bundle, and 81% of these with bilateral wide excision. Although 
these differences were not statistically significant, preserving autonomic innervation likely has subtle effects on urinary continence. Clearly, factors other than 
neurovascular bundle status are of primary importance in the maintenance of continence. There was no correlation between postoperative potency and continence. 
Similar results have been reported by other centers ( 60).

Although major centers consistently report urinary incontinence rates under 10%, with the majority of these men having mild stress incontinence easily managed with 
pads, survey studies of community hospital results throughout the United States show wide variation in radical prostatectomy outcomes. Murphy and colleagues 
surveyed 1,796 preoperatively continent men treated at 484 hospitals after undergoing radical prostatectomy. Postoperatively, 19% of these men required pads daily, 
whereas 3.6% were totally incontinent (61). Despite higher rates of incontinence in this and other broad-based population surveys, most men adapt well to pad use 
and report satisfaction with surgical outcomes. Quality-of-life studies, surprisingly, find that most men are minimally bothered by postoperative stress incontinence 
(62,63).

Improvement in continence may occur up to 2 years after surgery (64). During this time, patients need constant reinforcement and encouragement ( 65). Because 
improvement may continue long after radical retropubic prostatectomy, definitive incontinence surgery should be deferred at least a year after operation ( 37). When 
intervention is required, retrograde collagen injection has provided little durable benefit for men with mild stress incontinence ( 66,67). Men with persistent unexplained 
incontinence should be evaluated for the presence of anastomotic stricture, which characteristically produces a picture of overflow incontinence. Finally, a small 
minority of men will have primary detrusor dysfunction identified on urodynamics and may benefit from medical therapy ( 68,69).

PRESERVATION OF POTENCY

Before identification of the location of the autonomic branches of the pelvic plexus innervating the corpora cavernosa and development of techniques to preserve 
them, virtually all men were impotent after radical prostatectomy (36). The identification of these nerves by Walsh and Donker resulted in modification of the technique 
of radical prostatectomy, allowing preservation of potency ( 30). The initial experience with this procedure consisted of 600 consecutive men aged 34 to 72 years who 
underwent anatomic radical prostatectomy at The Johns Hopkins Hospital between 1982 and 1988. In the 503 of these men who were potent preoperatively and 
followed for a minimum of 18 months after surgery, 68% remained potent postoperatively (70). Preservation of potency was correlated with patient age, stage, and 
preservation or excision of the neurovascular bundles. Potency was preserved in 91% of men younger than 50 years of age, in 75% of men 50 to 60 years of age, in 
58% of men 60 to 70 years old, and in 25% of men 70 years of age or older. Preservation of both rather than one neurovascular bundle assumed increasing 
importance with age, with young patients having similar potency rates with preservation of one or both neurovascular bundles. After controlling for age and 
neurovascular bundle status, the presence of extraprostatic extension or seminal vesicle invasion doubled the relative risk of postoperative impotence relative to men 
with organ-confined tumors. Similar results have been reported by a number of institutions ( 56,71,72 and 73). The preservation of potency does not result in decrease 
in biochemical disease-free survival ( 54,74).

Potency rates after radical prostatectomy have varied widely in some studies. Patient selection, co-morbidities, surgical technique, and the means of acquiring 
follow-up data (patient reported vs. physician acquired) have been cited as reasons for this variability and have contributed to the controversy surrounding 
postoperative potency rates. Walsh and associates prospectively studied 70 preoperatively potent patients undergoing radical prostatectomy for clinically localized 
disease. Physician-acquired potency rates were compared to patient-reported rates gathered via a validated, confidential questionnaire collected by a third party. One 
year after surgery, there was total consistency between physician and patient accounts of erectile function. The results offer evidence that, when asked in an informed 
and sensitive fashion, patients are forthcoming and honest in reporting postoperative potency rates to their physicians ( 75).

Zippe and associates have recently examined the role of sildenafil citrate (Viagra) in postprostatectomy erectile dysfunction. They found that 12 of 15 men who had 
undergone bilateral nerve-sparing procedures obtained erections sufficient for intercourse with sildenafil at standard dosages, whereas no men who had undergone 
excision or ligation of both neurovascular bundles had a positive response to this agent ( 76). This confirms the physiologic role of the autonomic innervation of the 
corpora first defined by Walsh and further strengthens the case for surgical intervention in appropriate patients.

CONCLUSION

Ideal candidates for radical prostatectomy are men in good health and with a life expectancy of more than 10 years who present with early curable prostate cancer. 
Largely owing to PSA testing coupled with DRE, men are presenting earlier and with lower-stage tumors. The vast majority of asymptomatic prostate cancers detected 
by isolated PSA elevations is clinically significant. Improvements in staging, largely owing to histologic grading of biopsy specimens and the development of predictive 
multivariate nomograms and neural networks, have helped to better select those patients with the highest chance of cure.

Since the 1980s, we have seen enormous advances in the treatment of localized prostate cancer through improvements in the technique of radical prostatectomy. The 
morbidity of surgery has been reduced dramatically, the length of hospital stays has fallen, and potency is preserved in many men. Younger men are more likely to 
remain potent after surgery as well as obtain the greatest benefit from cure of their cancer. The use of effective oral pharmacotherapy for erectile dysfunction restores 
potency in many men with at least one of their neurovascular bundles preserved.

Anatomic insight has also made the current practice of radical prostatectomy a better cancer operation than in the past. These improvements have made it possible to 
cure most men with organ-confined cancer. Most failures in these clinically low-stage tumors are due to distant metastases present at the time of surgery, and further 
improvements in cancer control will depend on earlier diagnosis, improvements in staging through the use of predictive neural networks and multivariate nomograms, 
and the development of effective systemic therapies.
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INTRODUCTION

Radiation therapy has been used in the treatment of prostate cancer for several decades. In the early part of the twentieth century, low-energy, poorly penetrating, 
orthovoltage x-ray machines limited the amount of radiation that could safely be delivered to the prostate and other deep target tissues, owing to the high surface 
dose these machines would deliver. The availability of high-energy megavoltage x-rays that deposit the maximum doses deep into the surface has reduced the risk of 
severe radiation sequelae, especially to skin and other superficial tissues. Modern linear accelerators facilitated the adoption of a variety of radiation techniques that 
could treat localized prostate cancer with acceptable morbidity. During the 1970s and through the early 1990s, the methods used to treat prostate cancer relied on 
broad anatomic and physical principles that were applied in a general fashion to all patients with presumed localized disease. During this era, radiation dose tolerance 
of normal organs was poorly understood and was based on limited information about whole-organ radiation distribution. Frequently, it would be assumed that the 
surrounding organs at risk, such as the bladder and the rectum, received nearly the same radiation dose as the target tissues, prostate, seminal vesicles (SVs), and 
pelvic lymph nodes. Treating large volumes of these normal organs to these high-radiation prescription doses was often unavoidable without the availability of modern 
imaging modalities, such as computed tomography (CT). Subsequently, the amount of radiation that could safely be administered to the prostate and adjacent targets 
was limited. As is discussed later, prostate cancer is a radiation-sensitive neoplasm that demonstrates a classic sigmoid dose response curve. The higher the 
radiation dose administered to a given volume of cancer, the more likely that the cancer will be permanently controlled.

The availability of cross-sectional imaging modalities (CT and magnetic resonance imaging) and computerized treatment planning with three-dimensional (3D) 
reconstructions, as well as a better understanding of the natural history of prostate cancer, has allowed radiation therapy to become a more effective and safer 
treatment option for men with localized prostate cancer. Community radiation oncology practices are rapidly adopting many of the new treatment methods previously 
developed and studied in academic medical centers. In this era of transition, it is appropriate to discuss traditional treatment methods and describe in detail the newer 
approaches to shaping radiation dose distributions using conformal radiation therapy (CRT).

BASIC RADIATION ONCOLOGY PHYSICS

Radiation can be emitted by the radioactive decay of nuclei of unstable isotopes or generated by the atomic collision interactions of fast electrons with dense 
elements such as tungsten. Photons generated by radioactive nuclear decay of unstable isotopes, such as cobalt 60 ( 60Co), are referred to as gamma rays. Photons 
generated by the movement of atomic orbital electrons to new energy levels caused by atomic collision forces are referred to as x-rays. Most modern radiation therapy 
departments use linear accelerators to generate x-rays for cancer therapy. As the name implies, electrons are accelerated to near light speed through a linear vacuum 
tube and aimed at a tungsten target. The speed to which these electrons are accelerated will determine the energy of the x-rays emitted. The kinetic energy of these 
electrons is generally reported as the electronic potential difference between the two electrodes of the accelerator tube. The higher the potential difference, the faster 
the electrons, the higher the energy of x-rays produced, and the deeper the penetration of the x-ray energy in matter.

The radioactive decay of 60Co results in an average radiation energy of 1.25 megavolts (MV). This megavoltage radiation source deposits its maximum energy 0.5 cm 
below the skin surface. When first introduced, 60Co represented an improvement in existing methods that delivered maximum doses to the skin surface. No other 
isotope could generate sufficiently high-energy gamma rays at an acceptable dose rate for external beam radiation treatments. Eventually, 60Co machines have been 
replaced by linear accelerators capable of producing higher-energy x-rays that deposit maximum energy 3 cm or more below the skin surface. Radioactive isotopes 
are still used in radiation oncology as brachytherapy sources. Brachytherapy ( brachy means short in Greek) is the practice of placing radioactive sources in or around 
a malignant tumor to concentrate radiation dose. This subject is described in more detail in Chapter 23, Chapter 28, and Chapter 29.

Modern linear accelerators generate x-rays with energies ranging from 6 MV to 25 MV. Figure 22-1 illustrates the relationship between x-ray energy and the depth of 
penetration in tissue. With traditional radiation therapy techniques, patients would be treated with simple beam arrangements consisting of two or four fields. These 
techniques benefited from the use of the highest available energy to minimize radiation dose to superficial and intermediate-depth organs and tissues. Optimally, 
when traditional 2- or 4-field beam arrangements are used, an x-ray energy of 10 MV or greater should be used to treat deep pelvic tumors, such as prostate cancer. 
These higher energies will reduce the radiation dose to the femoral necks, bladder, and rectum and reduce the risk of late complications. With new multiple-field 
conformal methods, the advantage of the higher-energy x-rays may be less critical. In these circumstances, the additional radiation fields distribute their energy over a 
wider volume of normal tissues and organs, preventing them from receiving doses in excess of their tolerance.



FIGURE 22-1. Examples of central axis percentage-depth dose for megavoltage x-ray beams and 6-MeV to 20-MeV electron beams. MeV and MV, megavolt. (From 
Purdy JA. The application of high energy x-rays and electron beams in radiotherapy in IEEE. Trans Nucl Sci 1979;26:1833, with permission.)

Accelerated electrons can be used for therapy. More than 80% to 90% of the energy from electrons is deposited in the first few cm of tissue. The absorption properties 
of electrons in tissue make this modality ideal for treatment of superficial lesions. Generally, this low depth of penetration makes electrons a poor choice of treatment 
for early prostate cancers, but they can be used to treat superficial metastatic sites, such as groin lymph nodes or some bone lesions. The uses of other radiation 
particles (protons) are covered in Chapter 30.

Linear accelerators are configured with isocentric geometry ( Fig. 22-2). The head of the accelerator houses the tungsten x-ray target mounted at a fixed distance from 
rotational isocenter, about which the gantry of the machine rotates. This same rotational center is used to define the treatment table motion. This geometry allows a 
tumor or treatment volume to be localized at the center of rotation of the accelerator and treatment couch in numerous directions. When isocentric gantry and 
treatment table rotations are used, the entrance directions of multiple x-ray beams can be changed to minimize radiation dose to surrounding tissues while keeping 
the cancer in the beam at all times.

FIGURE 22-2. A: A modern dual-energy isocentric linear accelerator. B: A multileaf collimator mounted in head of linear accelerator. The 80 leaves (40 pair) move 
independently to shape the exiting radiation beam.

As x-rays exit the head of a linear accelerator, the beam is shaped with collimators and customized apertures. The primary collimator jaws located closest to the x-ray 
target prevent leakage of x-rays in directions away from the patient. Secondary collimators are used to create a rectangular beam to minimize unintended radiation of 
the patient outside the treatment area. Finally, customized alloy blocks are used to shape the beam aperture to match the intended treatment volume within the 
patient. Lipowitz metal (Cerrobend) is the most commonly used alloy for blocks, consisting of 13% tin, 50% bismuth, 27% lead, and 10% cadmium. This metal alloy 
melts at a relatively low temperature and is easy to handle to create customized field shapes. Gradually, blocks fashioned with these metals are being replaced with 
tertiary collimator systems mounted permanently in the linear accelerator head. Multileaf collimators (MLCs) are computer-driven, dense metal leaves that can create 
custom-shaped beam apertures. MLCs minimize the handling time required for manual changing of blocks between treatment fields. They also allow for dynamic field 
shaping and intensity modulation.

BASIC RADIATION BIOLOGY

X-rays interact with matter in a myriad of ways. At energies used for radiation therapy, x-rays transfer their energy to the irradiated matter by interactions with orbital 
electrons. Photons may interact with water, the predominant molecule in cellular solutions, to produce free radicals. By direct interactions with DNA or indirectly by 
free radicals, the x-rays cause disruption of atomic or molecular bonds. Classic radiation biology teaching argued that injury to the cellular DNA by single- or 
double-strand breakage would result in the biologic end result of cellular dysfunction or death.

A double-strand DNA break is usually an irrevocably fatal injury. Single-strand DNA breaks, on the other hand, may undergo repair. Potentially lethal and sublethal 
damage occurs after radiation exposure. Elkind and Sutton ( 1) showed that repair of this damage occurs if the dose of radiation is divided into two fractions separated 
by a few hours. Therefore, two doses of radiation separated in time are less effective than the same total dose given as a single dose. The ability to correct this 
potentially lethal and sublethal damage varies among cell and tissue types. Compared with normally functioning human tissues, malignant tumors have a less 
effective repair mechanism. By fractionating a course of radiation therapy, radiation oncologists capitalize on these differences.

Many human cancers have a characteristic tumor control curve. If the dose of radiation is plotted against the likelihood for cure, then a sigmoid curve is generated. 
There is insufficient cell-kill to cause tumor cure at very low doses. As the dose is raised to approximately one lethal event per cell, the statistics of random cell-kill 
become important. The likelihood for cure rises rapidly with dose at the central part of the curve; it starts to plateau when the maximum effect is reached. The 
steepness of the curve in the effective range emphasizes the importance of small increases in dose. The shape and steepness of the sigmoid dose-response 
relationship for tumors can be affected by many factors. If the radiation survival curve is shallow for individual tumor cells (inherent radioresistance), then the 
dose-response curve for that tumor will also be shallow. Oxygen is an important modifier of the biologic effects of ionizing irradiation. The exact mechanism of the 
oxygen effect is unclear, but it is believed that oxygen affects the initial chemical products of the interactions of radiation with biologic material. Oxygen appears to 
favor the creation of free radicals or other highly reactive molecules.

Early in the history of the specialty of radiation oncology, it was recognized that fractionation affected cancerous and normal tissues in a variety of ways. Organs and 
tumors could be divided into acute and late-responding tissues. In general, acute effects are much more dependent on overall treatment time than late effects. Late 
effects are influenced primarily by the total dose and fraction size. Acute radiation effects occur largely in renewing tissues, such as skin, oropharyngeal mucosa, 
small intestine, rectum, and bladder mucosa. Acute effects are apparent during a course of radiation therapy and generally resolve within a few weeks or months. 
There is a balance between cell birth and cell death in these tissues. Late effects are most often the dose-limiting factor in radiation therapy. They are manifested 
months or years after completion of radiation therapy, and they are often irreversible. Late effects include necrosis, fibrosis, fistula formation, nonhealing ulceration, 
and damage to specific organs, such as spinal cord transection. Clinically, late effects appear to depend much more on the total dose of radiation and the radiation 
fraction size than on the duration of the radiation treatment course.

Tumor volume is an important factor in radiation therapy. The greater the tumor burden, the larger the radiation dose needed to eradicate it. Beyond the gross tumor 
periphery, the tumor cell density and burden decrease. Subclinical disease beyond the edge of gross tumor may respond more favorably to radiation because of the 
smaller number of malignant cells or improved oxygenation, or both, away from the central tumor. Radiation oncologists have adopted a shrinking-field technique, in 
which the volume of irradiation is decreased over the course of therapy. Modest doses of radiation are prescribed to larger volumes at risk of harboring subclinical 
disease, after which gross disease is boosted to a higher cumulative dose.

TRADITIONAL RADIATION SIMULATION AND TREATMENT PLANNING

Radiation therapy simulators were introduced in the 1970s to minimize the time required to set up patients for radiation therapy and to provide better diagnostic quality 
x-ray images on which the radiation oncologist could define the region to be treated. These simulators have identical isocentric gantry and table geometry as the 
treatment linear accelerators. Patient position is defined, and plain x-ray films of the treatment site are acquired. These films are then marked with wax or ink pens that 
indicate the treatment volume and shielding of normal structures. The films are then used to fabricate customized blocks that are to be mounted in the accelerator 
gantry at the time of treatment. At the time of simulation, indirect methods to identify the prostate gland on the simulation radiograph are used. Indwelling catheters or 
urethrograms with iodinated bladder contrast aid in defining the craniocaudal extent of the prostate. A rectal probe or radiopaque contrast assists in defining the 



posterior border. Anteriorly, the pubic bone limits the anterior extent of the gland.

Patient positioning is made reproducible with the aid of room setup lasers and immobilization devices. Skin markings or anatomic landmarks are aligned to laser lights 
that define the linear accelerator and treatment couch geometry. Occasionally, these skin marks are tattooed to ensure reproducibility. Foam or cast cradles can be 
used to conform to the shape of each patient while in the treatment position. These can then be used daily to duplicate body position on the treatment couch.

With traditional treatment planning, the geometry of the linear accelerator is generally limited to orthogonal (90-degree) angles. Anterior, posterior, and lateral 
radiation beam directions can be used to define treatment volumes based on clinical and radiographic landmarks. Although oblique treatment angles can be used, the 
possibility of geometric miss of the treatment target increases. Rotational methods with bilateral arcing gantry movements can be used for prostate irradiation to 
minimize treatment to the superficial tissues, but the field sizes need to be sufficient (10 cm × 10 cm to 12 cm × 12 cm) to ensure adequate target volume coverage. 
These arc or rotational methods can reduce bladder and rectal radiation doses when the prostate alone is being treated or boosted. If the pelvic lymph nodes are 
being electively irradiated, then orthogonal treatment geometry is preferred to encompass the internal and common iliac lymph nodes.

High-energy x-rays (greater than 10 MV) are preferred for patients treated with traditional radiation therapy planning for prostate cancer. The small number of 
radiation beam directions (two to four) concentrates radiation doses to subcutaneous tissues when low energies are used. High-energy x-rays avoid this superficial 
dose buildup that leads to subcutaneous fibrosis or other complications.

To verify that adequate radiation doses are being administered, a radiation treatment plan is created. The treatment plan reflects the radiation distribution in the 
patient from the shaped beams. Dosimetry information from the linear accelerator is used to indirectly compute the dose distribution of radiation to the target volume 
and surrounding critical structures. With traditional planning methods, the treatment will be represented on only one to three cross-sectional slices of a CT scan. 
Traditional treatment planning computers are unable to accommodate the full volumetric information on a complete CT data set. As a result, the limited information 
provided by the treatment plan may have missed undesirable dose distributions (hot or cold spots) outside of the plane of the calculated treatment plan.

Radiation therapy doses have been prescribed in a variety of ways that occasionally lead to confusion. Reporting a single dose parameter, such as central axis dose 
or the minimum dose delivered to a volume, may not fully describe the quality of the radiation distribution to a target or normal tissue. The International Commission 
on Radiation Units and Measurements (ICRU) (2) published guidelines for reporting, recording, and prescribing radiation doses. It is recommended that a dose to a 
central ICRU reference point (i.e., a point within the target volume, typically close to the isocenter of the radiation beams) be reported as well as the best estimates of 
maximum and minimum doses to the planned target volume and adjacent organs at risk.

Because of the heterogeneity of radiation distributions, the dose to the isocenter or ICRU reference can be 3% to 7% higher than the minimum dose to a target 
volume encompassing the prostate gland. This variation in dose reporting is critical, because the steep slope of the dose-response curve for prostate cancer is close 
to the tolerance doses of the bladder and rectum, the adjacent critical organs at risk.

CONFORMAL RADIATION THERAPY SIMULATION AND TREATMENT PLANNING

The availability of powerful computers and workstations has revolutionized the manner in which radiation therapy is delivered. CT has allowed capture of complete 
volumetric anatomic information on which a 3D-radiation therapy treatment plan can be developed. Unlike in traditional treatment planning, 3D CRT begins with the 
acquisition of a CT scan with the patient in the treatment position.

Patient Immobilization and Positioning

Patient immobilization devices are more frequently used in 3D CRT than in traditional treatment planning. Some investigators have reported improved treatment setup 
accuracy with these devices, whereas others have reported no significant advantage with their use ( 3,4). It is recommended that each treating physician study and 
review the treatment setup variations with either method and choose the one that gives the best reproducibility.

There is significant debate regarding the appropriate positioning for patients treated with localized prostate carcinoma. Some investigators advocate a prone position, 
which minimizes prostate positional uncertainty and the volume of rectum irradiated with CRT ( 5).

More recent data suggest that a prone position is associated with greater prostate motion accompanying normal ventilation. The increased intraabdominal pressure 
associated with breathing in a supine position results in significant movement of the prostate and SVs ( 6,7).

Target Volume Definition

To aid in the identification of the prostatic apex, a retrograde urethrogram can be performed. The prostatic apex is 3 mm to 13 mm above the most proximal aspect of 
the urogenital diaphragm, as defined by the urethrogram ( 8,9). Care should be taken not to overinflate the urethra with iodinated contrast, as this may distend or move 
the prostate from its relaxed position (7). A rubber catheter or hollow tube to deflate flatus in the rectum helps avoid the introduction of systematic errors in organ and 
target definition due to rectal distension ( 10). An enema before simulation will empty the rectum and allow the prostate to move to its most posterior position. This 
allows use of a tighter uncertainty margin posteriorly.

After the acquisition of the treatment planning CT scan, the image data need to be segmented for the treatment planning computer to render 3D images and compute 
dose to the various targets and normal organs. This target and normal organ definition can be done with a computer-pointing device, such as a mouse, and a drawing 
utility in the treatment-planning program. Organs with high contrast relative to adjacent tissues (skin, bone, and lung) can be segmented using automatic 
image-threshold identification utilities.

The critical element of 3D CRT is the identification of target volumes and normal organs at risk. The ICRU has encouraged the use of common terminology to describe 
the target volumes. The gross tumor volume (GTV) represents any disease that can be identified by imaging modalities or physical examination. Because prostate 
cancer is often found to be multifocal at the time of radical prostatectomy, the entire gland is considered the GTV for radiation treatment planning purposes. The 
clinical target volume (CTV) encompasses the GTV and adds margin for microscopic extension of disease. The CTV may expand the GTV to account for direct 
extension, or the CTV can be extended to encompass adjacent organs or regions of spread. In the case of prostate cancer, the CTV may encompass the SVs and, 
possibly, the regional pelvic lymph nodes. The planning target volume (PTV) envelops the CTV with a margin to account for uncertainties in treatment delivery. The 
uncertainties may be related to setup variations or internal organ motion. The magnitude of the PTV margin depends on several treatment-related factors. A 
technologist's inability to precisely reproduce a patient's position on a daily basis is one contributing factor. Some patients may move while on the treatment table 
because of fatigue or discomfort. Internal organs, including the prostate gland, can shift because of variable filling of the bladder and rectum. The shifts can be 
anisotropic, with most movement occurring in the anterior and posterior directions. Table 22-1 summarizes several studies of treatment uncertainty in prostate cancer 
patients. Each of these studies investigated internal organ motions and setup errors to determine an appropriate margin for the PTV. Increasing the size of the PTV 
margin increases the probability of encompassing the CTV by the prescribed isodose from a complete course of radiation therapy. To ensure that an adequate 
radiation dose is encompassing all areas at risk of harboring disease, the radiation oncologist needs to include an appropriate PTV margin. There is a trade-off 
between ensuring nearly 100% coverage during each treatment and that of the volume of adjacent organs irradiated unnecessarily. The PTV margin does not account 
for radiation beam penumbra. When beam aperture or field shape is defined, additional margin needs to be added to account for this dosimetric falloff near the edge 
of the beam.



TABLE 22-1. MARGINS NECESSARY TO ACCOUNT FOR UNCERTAINTY IN TREATMENT DELIVERY

Organs at risk need to be defined for the treatment planning process. In the treatment of prostate cancer, the organs at risk include the bladder, rectum, femoral 
heads, and, occasionally, the small bowel. There can be considerable variation in the definition of these organs from physician to physician. When dosimetric 
constraints and clinical outcomes from various series are compared, a consistent definition of these structures is important. The Radiation Therapy Oncology Group 
(RTOG) has described its method for normal organ definition ( 11). The femoral heads are contoured from the level of the ischial tuberosities to their proximal joint at 
the pelvis. The rectum and bladder are defined as solid organs. Inferiorly, the rectum is defined from the level of the ischial tuberosities; it extends superiorly until the 
colon moves anteriorly toward the sigmoid. The bladder is contoured inferiorly from the prostate base to the dome.

It has been argued that the bladder and rectum, being hollow organs, should have the inner contents subtracted from volumetric dose information. The remaining 
volume then represents the volume of the organ wall. Unfortunately, the calculation of wall volume is not a trivial task and requires either the added work of contouring 
the inner and outer rectal walls or additional software that is not available on many 3D CRT computer planning systems. As a result, most institutions and cooperative 
groups report dosimetry data to the whole organ volume. Early clinical outcomes suggest that wall volume may indeed be a more important parameter with respect to 
3D dosimetry than the whole organ volume (12,13).

Beam Selection and Shaping

The process of beam selection and shaping with 3D CRT is analogous to the same process with conventional simulation. The 3D CRT planning systems display a 
“virtual patient” reconstructed from the CT image data and the segmented structures. Radiation beams can be added and displayed from the perspective of a subject 
in the treatment room (room view or physician's eye view) and from the perspective of the linear accelerator radiation source ( beam's eye view or BEV). The BEV 
display allows a dosimetrist to set collimator positions and shape the field to encompass the projected PTV. The field shaping can be designated with free-hand 
shapes for Cerrobend blocks or with multileaf collimation ( Fig. 22-3). The advantage that the BEV display offers over conventional simulation is the ability to actually 
see the spatial relationships of the target volume and organs at risk. The 3D renderings of the targets and adjacent organs can be adjusted with transparency or color 
controls to allow visualization of overlaps between them.

FIGURE 22-3. Beam's eye view displays of a right lateral prostate and anteroposterior fields. In addition to the gross tumor volume with planning target volume 
margin, the rectum and bladder contours are superimposed on the digitally reconstructed radiographs.

A critical enhancement of the BEV is the digitally reconstructed radiograph (DRR). The DRR is a projected plane x-ray image that is computed from the CT data. The 
DRR is helpful in the planning process and aids in treatment verification. In treatment planning, the DRR is used with the BEV to assist the physician or dosimetrist to 
define the treatment aperture. If all nearby anatomic structures have not been contoured, then the DRR helps to identify possible unintentional irradiation of those 
regions.

PLAN OPTIMIZATION AND REVIEW

After application of multiple radiation beams and shaping with BEV tools, the treatment planning computer will calculate the radiation distribution based on the 
characteristics of the treatment machine's x-ray output. The radiation dose distribution can be displayed on the segmented patient CT data with color-wash or 
wire-frame contours (Fig. 22-4). Room-view displays with interactive, real-time image manipulation tools help to review the adequacy of the dose distribution. Areas of 
radiation underdose to a target or overdose to an organ at risk can be identified.

FIGURE 22-4. Isodose display in three-dimensional (3D) room view ( upper left) and planar reconstructions. The 3D view displays the wire frame contour of the 70-Gy 
isodose volume. The axial, sagittal, and coronal views display the 70-, 60-, 50-, and 40-Gy isodose lines around the gross tumor volume and planning target volume.

Review of multiple dose levels is difficult with room-view displays because of overlap and crowding of objects on the computer screen. Planar two-dimensional (2D) 
displays of cross-sectional axial or reconstructed sagittal and coronal CT scans facilitate review of multiple dose levels.

The room-view and 2D image reconstructions limit the radiation oncologist to a few dose levels reviewed at one time. To take advantage of the complete dosimetric 



data available for plan interpretation, dose-volume histograms (DVHs) are calculated. DVHs summarize the complete dose distribution to a target or organ at risk in a 
linear graph model. On the horizontal axis, the radiation dose can be represented in gray (Gy) or as a percent of the prescribed dose. The vertical axis represents the 
organ volume in cubic centimeters or as a percent of the whole organ. A differential DVH is a plot of equally spaced dose bins. A cumulative or integral DVH is a plot 
of the volume of a structure receiving more than a certain dose. The cumulative DVH is generally more helpful for plan interpretation and review ( Fig. 22-5).

FIGURE 22-5. Cumulative dose-volume histograms of the planning target volume (PTV), bladder, rectum, and left femoral head. One plan represented includes 
nonconformal treatment to the whole pelvis (46 Gy) with a conformal prostate boost (70 Gy). The second plan represents conformal treatment to the prostate alone 
(70 Gy). Both plans deliver adequate dose to the PTV, but the boost-only plan treats substantially less rectum and bladder to high doses. cum, cumulative; dif, 
differential; ICRU, International Commission on Radiation Units and Measurements.

The DVH facilitates identification that an underdosed region of a target or an overdosed region of an organ at risk exists. The DVH can be displayed with dose 
statistics, such as minimum, maximum, or mean dose to the volume. The most significant shortcoming of the DVH is the lack of spatial information provided. The DVH 
may reveal that an unacceptable dose distribution is present, but it does not illustrate its location. For this reason, the DVH, room-view, and 2D reconstructions are 
complementary.

The radiation therapy planning process is iterative. The plan is created by a dosimetrist and then reviewed by the radiation oncologist and physicist. It is common for 
the plan to be redone with modifications in field shaping or with a change in the relative dose contribution per field to optimize the dose distribution.

RADIATION TREATMENT PRESCRIPTION

The radiation oncologist must decide the specific volumes requiring treatment and the radiation dose and fractionation schedule to be used. It is common to use 
variable dose levels depending on the likely volume of disease. Regions that are at risk of harboring microscopic or subclinical disease can be managed with radiation 
doses in the 45- to 50-Gy range. Gross disease requires radiation doses that approach or exceed 70 Gy. These different doses are accomplished by field or treatment 
volume reductions (shrinking-field technique) during the course of therapy. The pelvic lymph nodes can be treated with a large field to a dose of 45 Gy, followed by a 
boost to the prostate or prostate with SVs to a total exceeding 70 Gy.

TARGET VOLUME

Pelvic Lymph Nodes

Significant controversy exists as to whether there is any benefit to elective irradiation of the pelvic lymph nodes. The RTOG has conducted prospective clinical trials to 
address this issue. The RTOG 77-06 failed to show any difference in survival or patterns of failure in 445 patients with stage A2 and B tumors treated to the pelvis (45 
Gy) and the prostate (additional 20 Gy) or the prostate only (65 Gy) ( 14). Leibel et al. (15) also reported in a series from Memorial Sloan-Kettering Cancer Center that 
pelvic lymph node irradiation offered no improvement in outcome over prostate irradiation alone in patients with lymph node metastases. Data published by Perez et 
al. (16) show a slightly lower incidence of pelvic failure in patients with poorly differentiated stage C cancers receiving greater than 50 Gy to the pelvis (23% vs. 46%, 
p <.01), but there were no survival or disease-free survival differences.

One of the important criticisms of these studies, prospective and retrospective alike, is that they may not have studied the patient population most likely to benefit. To 
show an advantage to pelvic irradiation, the patient population should be at high risk of having lymph node metastases without spread beyond. Furthermore, the 
effectiveness of the 65-Gy prescription for the primary tumor is doubtful. The RTOG completed accrual to another randomized study in the year 2000 that is expected 
to end the controversy. In the RTOG 94-13 study, patients at high risk of disease have been randomized to receive pelvic irradiation, 50.4 Gy plus a prostate boost 
(additional 19.8 Gy, 70.2 Gy total) versus prostate irradiation alone (70.2 Gy). A second randomization assigned patients to receive total androgen suppression 
therapy for 4 months versus no hormone therapy. High-risk disease is defined as having a lymph node metastasis rate of greater than 15%.

A preliminary analysis of these data from RTOG 94-13 suggests a significant advantage to whole pelvic irradiation when combined with neoadjuvant hormone therapy 
(M. Roach, personal communication, 2001). Partin et al. published tabulated data summarizing the risk of disease spread beyond the prostate gland in 4,133 men who 
underwent radical prostatectomy. The Partin (17) tables and other published nomograms have been helpful in estimating this risk. Roach et al. ( 18) described an 
equation that helps to estimate this risk:

The prostate-specific antigen ( PSA) is the highest value before therapy, and GS is the biopsy Gleason score.

At the Mallinckrodt Institute of Radiology, we continue to electively irradiate the pelvis in patients with a high risk of lymph node metastases. This includes patients 
with Gleason scores greater than or equal to 8, initial PSA of greater than 20, or stage T3 disease. These patients will also receive neoadjuvant and adjuvant 
hormone therapy that may augment the oncolytic effects of radiation on prostate cancer ( 19,20 and 21).

Prostate and Seminal Vesicles

Given the multifocal nature of most prostate cancers, it is generally assumed that the entire prostate needs to be irradiated. Pickett et al. ( 22) have suggested that the 
dominant intraprostatic lesion, as defined by spectroscopic magnetic resonance imaging, could be boosted above the dose to the entire gland. This approach would 
require intensity-modulated radiation therapy (IMRT), a technique discussed later in this chapter.

The SVs are frequently invaded by cancer, even in patients without clinical evidence of tumor extension. This finding has led some physicians to recommend SV 
irradiation in all patients, disregarding the risk factors predictive of extension ( 23). Just as with lymph node metastases, data published by Partin et al. (17), Roach et 
al. (18), and others can help to identify patients who have a low risk of SV invasion. Diaz et al. ( 24) reported a significant reduction in the rectal dose if the SVs were 
excluded from the high-dose region; 20% of the rectal volume received on average above 86% of the total dose for five plans that included the SVs, compared to 68% 
for the five plans excluding the SVs. The doses to 40% of the rectal volume were 64% and 37% if the SVs were included and excluded, respectively.

The RTOG 94-06 dose-escalation study for CRT used target volumes that were based on the risk of SV invasion. For patients with clinical evidence of extraprostatic 
extension (T3), the prostate and SVs were considered the CTV for the entire prescribed study dose (group 3). Patients with T1-T2 cancers were irradiated to the SVs 
only if the calculated probability of invasion exceeded 15% (group 2). SV invasion risk was calculated using the formula ( 18)



The minimum dose to the PTV1 (target encompassing prostate and SVs) was 55.8 Gy, after which the PTV 2 (target encompassing prostate only) was boosted to the 
study dose (range, 68.4 to 79.2 Gy). Patients with T1-T2 cancers with less than a 15% risk of SV invasion (group 1) were treated to the prostate only ( 11). All radiation 
doses were prescribed as a minimum to each PTV in that study.

DOSIMETRIC ADVANTAGES OF THREE-DIMENSIONAL CONFORMAL RADIATION THERAPY

Several studies have demonstrated a significant advantage in the use of 3D CRT over traditional treatment planning. Ten Haken et al. ( 25) showed that conventional 
radiation delivery methods using rotational arc techniques with field sizes ranging from 6 cm × 6 cm to 8 cm × 8 cm would be adequate only for small-stage T1 and 
T2a prostate cancers. An 8-cm × 8-cm field size is insufficient to cover large prostates or those with locally advanced disease. Larger field sizes also radiated more 
normal tissues than customized fields using BEV technology. Perez et al. ( 26) compared 174 patients planned with 3D CRT or standard radiation therapy and 
demonstrated that, when field sizes were adjusted to adequately encompass the PTV, there was a significant reduction in the volumes of bladder and rectum 
irradiated with the conformal technique. Table 22-2 summarizes these data.

TABLE 22-2. COMPARISON OF MEAN DOSIMETRIC PARAMETERS FOR THREE-DIMENSIONAL (3D) CONFORMAL OR STANDARD BILATERAL ARC 
ROTATION IN CARCINOMA OF THE PROSTATE

TREATMENT DELIVERY AND PATIENT MANAGEMENT

External beam radiation therapy is administered in once-daily fractions, 5 days per week over a period of 7 to 8 weeks. Each treatment session lasts approximately 10 
to 20 minutes. On a weekly basis, the patients are seen by the radiation oncologist to assess tolerance to therapy and tumor response. Prostate cancer generally 
does not respond rapidly to radiation, so the prostate examination is unlikely to change.

Patients may report mild to moderate urinary and bowel symptoms. These may be more frequent and severe in patients receiving elective pelvic irradiation. The 
incidence of acute sequelae is equal or reduced in patients receiving CRT ( 27,28). Urinary symptoms may include dysuria, nocturia, and urinary urgency. It is 
occasionally necessary to rule out concomitant infection. These symptoms are managed with antispasmodics (e.g., hyoscyamine, oxybutynin, flavoxate, tolterodine) or 
phenazopyridine. Bowel symptoms include loose or more frequent bowel movements, tenesmus, or pain. Antiinflammatory suppositories containing hydrocortisone or 
mesalamine may reduce symptoms. A low-fiber diet can reduce the risk of diarrhea. Loperamide or diphenoxylate can control this symptom.

Treatment position is verified on a weekly basis by comparing the simulation radiograph or DRR to portal radiographs acquired on the linear accelerator during 
treatment (Fig. 22-6). These portal films are used to identify errors in patient setup and positioning. As 3D CRT is leading to dose escalation and shrinking margins for 
setup uncertainty, the frequency of checking portal films may need to be increased to twice weekly, especially for the first 2 weeks of therapy ( 29). Bel et al. (30) 
proposed an algorithm for digital portal imaging that reduces the magnitude of systematic error in setup over a course of radiation therapy.

FIGURE 22-6. Digitally reconstructed radiograph (A) of an anteroposterior and left lateral prostate field and corresponding portal radiographs (B) used for treatment 
verification.

RESULTS WITH EXTERNAL IRRADIATION

Prostate-Specific Antigen Outcome

PSA levels drawn during radiation therapy may show transient elevations that may be related to acinar cell death with release of PSA into the circulation ( 31). After 
radiation therapy, PSA levels decline gradually over the next 1 to 2 years. It is unclear whether the rate of fall carries any significant prognostic value. Hancock et al. 
(32) reported that patients who reached a postirradiotherapy PSA nadir more than 2 years after treatment had a risk of biochemical recurrence 18 times greater than 
patients who reached a nadir in less than 1 year.

Significant controversy exists regarding the appropriate nadir level that may correspond to long-term freedom from recurrence. Willett et al. ( 33) determined the PSA 
levels in 36 men who received pelvic irradiation (45 Gy to 65 Gy) for nonprostatic malignancies and compared them with those of 79 men of similar age without 
prostate cancer or pelvic irradiation. A group of 27 patients with prostate cancer who were treated with 68 Gy and who were disease-free were also evaluated. The 
median PSA level was 0.65 ng per mL in the patients receiving pelvic irradiation for nonprostatic malignancies, 1.1 ng per mL in the nonirradiated control group, and 
0.5 ng per mL in patients previously treated for prostate cancer. These data suggest that patients whose PSA values do not reach less than 1 ng per mL after 
definitive irradiation for prostate cancer are unlikely to be long-term disease-free survivors. Kavadi et al. ( 34) demonstrated that a nadir of 1 ng per mL or less was an 
independent predictor of biochemical outcome. The 5-year biochemical relapse rate for patients who achieved nadir levels less than 1 ng per mL was 17%, compared 
to 70% with posttreatment nadir levels of greater than 1 ng per mL. A nadir level of less than or equal to 0.5 ng per mL does not predict for further improvement in 
outcome. Others have also demonstrated that PSA nadir values of less than 1 ng per mL are independent variables that predict for improved biochemical outcome 
(35,36).

In 1997, the American Society of Therapeutic Radiology and Oncology ( 37) gathered a panel of urologic radiation oncology experts to discuss the significance of 
postirradiation PSA values. This American Society of Therapeutic Radiology and Oncology consensus panel argued that postirradiation PSA nadir was an important 
prognostic variable, similar to pretreatment PSA value and Gleason score. The absolute PSA nadir value is not a surrogate or intermediate end point for defining 



treatment outcome. The panel established the definition of PSA relapse as three consecutive rises from a nadir level. For purposes of clinical trials or reports, the date 
of failure should be considered the midpoint between postirradiation nadir PSA and the first of three consecutive increases. It was recommended that series be 
presented for publication with a minimum observation of 24 months and that PSA determinations be obtained at 3- or 4-month intervals during the first 2 years after 
the completion of radiation therapy. Three consecutive rises were chosen to exclude the possibility of a benign PSA bounce ( 38).

PROSTATE BIOPSIES AFTER DEFINITIVE IRRADIATION

Microscopic disappearance of tumor, fibrosis, obliteration of glandular structure, and calcifications in the prostate have been reported after definitive radiation therapy. 
The number of positive biopsy specimens decreases with time; only those that show persistent tumors more than 18 months after radiation therapy may have clinical 
significance (39). Cell death after radiation therapy is a postmitotic event. In view of the long doubling time of many prostate tumors, cells that harbor biologically 
lethal damage but have not had an opportunity to morphologically express it may be misinterpreted as viable cancer. Patients with early positive biopsies after 
radiation therapy may convert to having a negative repeat biopsy with further follow-up. Cox and Kline ( 39,40) reported that the positive biopsy rate decreased from 
19% at 24 months to 15% at 42 months in a series of 46 patients. Scardino ( 41) confirmed this observation, reporting that 32% of patients with a positive biopsy at 12 
months had a negative pathologic specimen at 24 months.

Crook et al. (42) have studied a cohort of 498 men treated with conventional radiation therapy followed with systematic transrectal ultrasound-guided postirradiation 
prostate biopsies. The biopsies were started 12 to 18 months after receiving a radiation dose of 66 Gy. If there was residual tumor but further decline in the PSA, then 
biopsies were repeated every 6 to12 months. Patients with negative biopsies were rebiopsied at 36 months. At 5 years, freedom from clinical or histologic evidence of 
local recurrence was 83% for T1b, 88% for T1c, 72% for T2a, 66% for T2b and c, 58% for T3, and 0% for T4 tumors. The proportion of biopsies described as 
indeterminate decreased with time, being 33% for the first biopsy (median interval since radiation therapy, 13 months), 24% for the second biopsy (median interval 
since radiation therapy, 28 months), 18% for the third biopsy (median interval since radiation therapy, 36 months), and 7% for the fourth biopsy (median interval since 
irradiation, 44 months). They concluded that the timing of the biopsy is critical and seems to be the most predictive of outcome in the 24- to 36-month period after 
radiation therapy. By themselves, postirradiation prostate biopsies are not an indicator of treatment efficacy, but they are independent predictors of outcome.

Crook et al. (43) suggested that proliferating cell nuclear antigen (PCNA) staining might be useful to evaluate postirradiation prostate biopsies. Negative PCNA in a 
positive biopsy predicts for eventual resolution of tumor (83% to 97% of cases). On the other hand, positive PCNA correlates with local failure (49% to 79%) but, when 
present in an early biopsy (12 to 18 months), may eventually disappear.

CLINICAL OUTCOME WITH CONVENTIONAL AND THREE-DIMENSIONAL CONFORMAL RADIATION THERAPY

Zagars and Pollack (44) reported 5-year outcome after conventional external beam radiation therapy in 461 patients with stage T1-T2 disease. The 5-year 
biochemical disease-free survival rates for patients with pretreatment PSA levels of 0 to 4 ng per mL, greater than 4 to 10 ng per mL, greater than 10 to 20 ng per mL, 
and greater than 20 ng per mL were 91%, 69%, 62%, and 38%, respectively.

Shipley et al. (45) reported a multiinstitutional experience of 1,765 patients with T1 to T2 cancers treated with external beam radiation therapy. The PSA failure-free 
rates 5 and 7 years after treatment for patients presenting with a PSA of less than 10 ng per mL were 77.8% and 72.9%, respectively. Recursive partitioning analysis 
of initial PSA level, palpation stage, and the Gleason score groupings yielded four separate prognostic groups: group 1, patients with a PSA level of less than 9.2 ng 
per mL; group 2, PSA level greater than or equal to 9.2 to 19.7 ng per mL; group 3, PSA greater than or equal to 19.7 ng per mL and a Gleason score of 2 to 6; and 
group 4, PSA level greater than or equal to 19.7 ng per mL and a Gleason score of 7 to 10. The estimated rates of survival, free of biochemical failure at 5 years, were 
81% for group 1, 69% for group 2, 47% for group 3, and 29% for group 4 ( Fig. 22-7). Of the 302 patients followed up beyond 5 years who were free of biochemical 
disease, only 5% relapsed from the fifth to the eighth year.

FIGURE 22-7. Estimated rates of no biochemical recurrence according to groupings by prognostic factor categories determined by recursive partitioning analysis. In 
group 1,116 of 740 patients were diagnosed as having an initial prostate-specific antigen (PSA) level of 9.2 ng per mL. In group 2, 130 of 476 patients were 
diagnosed as having an initial PSA level of 9.2 to less than 19.7 ng per mL. In group 3, 96 of 201 patients were diagnosed as having an initial PSA level of at least 
19.7 ng per mL and a Gleason score from 2 to 6. In group 4, 97 of 150 patients were diagnosed as having an initial PSA level of at least 19.7 ng per mL and a 
Gleason score from 7 to 10. The p value is <.001 between all groups. (From Shipley WU, Thames HD, Sandler HM, et al. Radiation therapy for clinically localized 
prostate cancer: a multiinstitutional pooled analysis. JAMA 1999;17:1598–1604, with permission.)

Roach et al. (46) summarized results of 1,557 men treated with radiation therapy alone on four prospective clinical trials conducted by the RTOG between 1975 and 
1992. Most of the patients had tumors clinically staged as T3 (59%), and 87 (36%) patients with clinical stage T1-T2 tumors had pathologically positive lymph nodes. 
The 10-year disease-specific survival for patients with a Gleason score of 2 to 5, 6 to 7, and 8 to 10 was 87%, 75%, and 44%, respectively. Gleason score was the 
single most important predictor of death.

The data from these large series demonstrate that conventional radiation therapy yields excellent long-term cancer-free survival for patients with favorable prognostic 
factors. Patients with unfavorable features, such as a high Gleason score or high initial PSA, require more aggressive treatment.

Dose Escalation

Prostate cancer has long been recognized as a dose-responsive neoplasm ( 47,48). Attempts at escalating the radiation dose beyond 70 Gy with standard 2D 
techniques have resulted in an unacceptable rate of rectal and other complications. Smit et al. ( 49) reported a dose-escalation study using conventional radiation 
therapy techniques. The 2-year rate of moderate to severe proctitis increased from 20% for patients receiving less than 75 Gy to 60% for those receiving higher dose 
levels.

The ability to reduce the volume of normal tissue that receives high radiation doses is central to the success of 3D CRT. Late effects of radiation therapy are related 
not only to the dose administered, but also to the volume of normal tissues that exceed that threshold. The availability of 3D CRT treatment-planning systems has 
prompted the initiation of several single and multiinstitutional prospective dose-escalation clinical trials.

At the Mallinckrodt Institute of Radiology, 6% to 9% of patients treated with standard radiation therapy reported moderately severe urinary symptoms compared with 
2% to 5% of patients treated with 3D CRT. Moderate dysuria and nocturia were reported by 25% to 36% of patients in the standard treatment group compared with 
27% to 33% of those treated with 3D CRT. The incidence of moderate diarrhea, usually after the fourth week of treatment, was 9% to 21% in the standard group and 
only 3% to 6% in the 3D CRT group. Chronic intestinal morbidity (proctitis, rectal bleeding) was very low (1.7%) in the 3D CRT group in contrast to the standard group 
(8%) (50) (Table 22-3). There was a significant improvement in biochemical disease-free survival in patients treated with 3D CRT. This improvement was seen even in 
patients treated with doses of less than or equal to 70 Gy, suggesting that 3D CRT by itself has improved tumor control by better targeting.



TABLE 22-3. CARCINOMA OF THE PROSTATE: GRADES 2 TO 3 LATE SEQUELAE CORRELATED WITH TREATMENT GROUP

Decreased toxicity has been reported with 3D CRT, even when higher than standard irradiation doses are administered. Sandler et al. ( 51) reported the University of 
Michigan experience in 721 patients treated with 3D CRT. They described only 3% incidence of grade 3 or greater rectal morbidity. An update confirmed these 
findings (52). There were no grade 4 complications.

From the Fox Chase Cancer Center, Hanks et al. (53) reported 34% grade 2 toxicity in 247 patients treated with 3D CRT in comparison with 57% in 162 patients 
receiving standard irradiation. Only 12 gastrointestinal or genitourinary grade 3 complications were noted in the entire group of 409 patients. Patients in both the 3D 
CRT and standard radiation therapy groups receiving pelvic irradiation had a somewhat greater incidence of late treatment sequelae. Lee et al. ( 36) observed grade 2 
to 3 rectal morbidity in 46 of 257 patients (18%) with 3D CRT; the majority of cases consisted of some rectal bleeding. The incidence of rectal morbidity was increased 
when higher doses of irradiation were delivered, particularly more than 76 Gy (actuarial rate of 23% at 18 months, compared with 7% to 16% with lower doses). 
However, when a rectal block on the lateral fields was interposed for the last 10 Gy of treatment, rectal morbidity was decreased to 10%.

Koper et al. (54) from Rotterdam reported a randomized trial of patients with T1-4N0M0 prostate cancer treated to 66 Gy (134 with conventional irradiation and 129 
with 3D CRT). They observed reduced intestinal toxicity, primarily less anal toxicity in patients irradiated with 3D CRT. This was associated with a reduction in the 
anal volume irradiated (most distal 3 cm of the rectum).

Dearnaley et al. (55) updated results of a trial initially reported by Tait et al. ( 28) and reported that proctitis grade 1 or higher in severity occurred in 56% of patients 
receiving standard radiation, in contrast to 37% of those treated with 3D CRT ( p = .004). Also, rectal bleeding occurred more frequently in the standard group (12%) 
than in the 3D CRT group (3%).

Zelefsky et al. (56) updated their experience with 743 patients with prostate cancer (stage T1c-T3) treated with 3D CRT to a target that always included the prostate 
and SVs; doses ranged from 64.8 to 81.0 Gy. With a median follow-up of 42 months, the 5-year actuarial incidence of grade 2 or 3 late gastrointestinal toxicity was 
11.00% and 0.75%, respectively. The 5-year actuarial probability of developing grade 2 or 3 late genitourinary toxicity was 10% or 3%, respectively. On multivariate 
analysis, doses of 75.6 Gy or greater, history of diabetes mellitus, and the presence of acute gastrointestinal symptoms during treatment were independent predictors 
for grade 2 or 3 gastrointestinal toxicity. Among 544 patients who were potent before treatment, 211 (39%) became impotent after 3D CRT. Loss of erectile function 
was associated with doses of 75.6 Gy or higher and the use of neoadjuvant androgen deprivation. In a subsequent report on patients with stage T1c-T3 prostate 
cancer, 61 of whom were treated with 3D CRT and 171 with IMRT to doses of 81 Gy, the authors noted that the 2-year actuarial risk of grade 2 rectal bleeding was 
10% for 3D CRT and only 2% for IMRT (57).

Michalski et al. (11) reported on the RTOG 94-06 prospective phase I dose-escalation study with 3D CRT for localized prostate cancer. Doses ranged from 68.4 Gy 
(level I) to 73.8 Gy (level II) and subsequently to 79.2 Gy (level III) with 1.8-Gy daily fractions. Data from RTOG 75-06 and 77-06 were used to calculate the expected 
probability of a greater than or equal to grade 3 late effect more than 120 days after the start of treatment. Group 1 and 2 cases (n = 288) were analyzed for toxicity. 
At dose level I, no grade 3 or worse late effects were observed when 9.1 and 4.8 complications were expected ( p = .003 and p = .028), respectively, when compared 
to historical RTOG controls. At dose level II, there were no grade 3 or greater toxicities in group 1 patients and a single grade 3 toxicity in a group 2 patient when 12.1 
and 13.0 complications were expected (p = .0005 and p = .0003), respectively.

Dose Response and Improved Tumor Control Probability

Fox Chase Cancer Center

Hanks et al. (58) conducted a dose-escalation study that began in 1989. Over the 1990s, they have implemented a program of image-guided radiation therapy 
simulation and treatment planning that has allowed them to gradually increase the irradiation dose to the ICRU reference from 6,260 cGy to 8,085 cGy in men with 
clinically localized prostate cancer. The results of this prospective clinical trial have recently been summarized. The 5-year biochemical disease-free survival was 
significantly improved for patients who had a pretreatment PSA greater than 10 and who received more than 76 Gy. Those patients with an initial PSA of 10.0 to 19.9 
had a 5-year biochemical disease-free survival of 29%, 57%, and 73% if they received less than 71.5 Gy, 71.5 to 75.6 Gy, and greater than or equal to 75.6 Gy, 
respectively (p = .02). Patients with an initial PSA greater than 20 had a 5-year biochemical disease-free survival rate of 8%, 28%, and 30% if they received less than 
71.5 Gy, 71.5 to 75.6 Gy, and greater than or equal to 75.6 Gy, respectively ( p = .02). In that analysis, patients with an initial PSA less than 10 did not benefit from 
dose escalation (59). Subsequently, these investigators have divided their patient population into six subgroups. In addition to the three groups divided by initial PSA, 
they were grouped by favorable (T1,2a, Gleason score less than or equal to 6, and no perineural invasion) and unfavorable prognostic factors (one or more of T2b, 
T3, Gleason 7 to 10, perineural invasion) ( 58). Favorable patients with an initial PSA of less than 10 continued to show no improvement with dose escalation. 
Likewise, favorable patients with PSA of 10.0 to 19.9 also did not benefit from dose escalation. Unfavorable patients with an initial PSA of less than 10 and 10.0 to 
19.9 demonstrated a 22% and 31% improvement in biochemical disease-free survival, respectively, if they received more than 77 Gy to the isocenter. Patients with an 
initial PSA of greater than 20 had a 40% improvement in biochemical disease-free survival if they received more than 77 Gy to the isocenter ( p = .0029). Patients with 
favorable prognostic factors and a low initial PSA likely have small-volume disease that can be eradicated with doses between 70 and 75 Gy. Patients with 
unfavorable risk factors or high PSA may have improvement in local control with high irradiation doses. Patients with unfavorable risk factors and high PSA may have 
metastatic disease and, therefore, do not appear to benefit from the improvement in local control.

Memorial Sloan-Kettering Cancer Center

Radiation oncologists at Memorial Sloan-Kettering have been conducting a phase I dose escalation trial of 3D CRT for men with localized adenocarcinoma of the 
prostate. Zelefsky et al. ( 23) have summarized PSA relapse-free survival for 743 patients treated in this study. They divided patients into three prognostic groups by 
pretreatment PSA less than or equal to 10 ng per mL, stage T1-2 disease, and a Gleason score of less than or equal to 6. When all three indicators were present, the 
patient was classified in a favorable prognosis group. An increase in the value of any one of the indicators classified the patient in an intermediate group and two or 
more in an unfavorable prognosis group.

Patients in the favorable-risk group did not benefit from high-dose radiation therapy. The 5-year biochemical disease-free survival was excellent with any of the doses 
studied. Patients with intermediate- and high-risk disease who received a minimum PTV dose of greater than or equal to 75.6 Gy had a significant improvement in 
PSA-free survival (p = .04 and p = .03, respectively). In this trial, when patients were treated with doses in excess of 75.6 Gy, the investigators changed the treatment 
approach to IMRT. The topic of IMRT will be addressed later. Leibel et al. ( 60) reported the results of postirradiation biopsies performed more than 2.5 years after 3D 
CRT on 220 patients. Of patients who received 81 Gy, 30 of 33 (91%) patients had negative biopsies compared with 74 of 97 (76%) after 75.6 Gy, 44 of 67 (66%) 
after 70.2 Gy, and 11 of 23 (48%) after 64.8 Gy.

French Series

A multiinstitutional trial was initiated among five French hospitals in 1995 ( 61). The objective of the study was to test the feasibility and tolerance of increased doses 
from 66 to 80 Gy in patients with localized prostate cancer. In a preliminary analysis, patients were divided into a low-dose group (66 to 70 Gy) or a high-dose group 



(74 to 80 Gy). There was no difference between the two groups with respect to the incidence of late gastrointestinal and urinary toxicities. The probability of achieving 
a posttreatment PSA nadir of less than or equal to 1 ng per mL was significantly higher in the dose-escalation group and was directly related to the dose of irradiation 
given.

M. D. Anderson Cancer Center

Pollack and Zagars (62) reviewed the clinical outcomes of 938 men consecutively treated between 1987 and 1995 at M. D. Anderson Cancer Center. Despite having 
more aggressive pretreatment prognostic features, men who received higher radiation doses had a better freedom-from-failure rate than men receiving lower doses. 
The only patients who did not appear to benefit from higher irradiation doses were those with a pretreatment PSA of less than 4 ng per mL. For all other pretreatment 
PSA groups, there was incremental increased freedom from failure with a dose of greater than 67 to 77 Gy or greater than 77 Gy. Pollack et al. ( 63) updated the M. D. 
Anderson Cancer Center experience with 1,127 consecutively treated patients in the PSA era. The analysis largely confirmed their initial findings of a dose response. 
The improved outcome with high doses led these investigators to initiate a randomized trial of CRT to a dose of 70 Gy versus CRT to a dose of 78 Gy with each 
treatment prescribed to the isocenter. In this study, all patients received 46 Gy to a small pelvic volume encompassing the prostate and SVs using a four-field box 
technique. Patients then received a 24-Gy conventional boost using four fields or a 32-Gy conformal boost using a six-field technique. The ICRU 50 PTV convention 
was not used, and doses were prescribed to the treatment isocenter. Fields were shaped with a BEV treatment planning utility.

One hundred fifty patients were randomized to the 70-Gy arm and 151 to the 78-Gy arm. The rates for freedom from biochemical or disease failure, or both, were 69% 
for the 70-Gy arm and 79% for the 78-Gy arm (p = .058) (Fig. 22-8). Patients with a pretreatment PSA level of greater than 10 ng per mL benefited the most from dose 
escalation with a 5-year freedom-from-failure rate of 48% versus 75% for the 70-Gy and 78-Gy arms, respectively ( p = .011) (64). This group of patients with a PSA 
greater than 10 at diagnosis also had a better freedom-from–distant metastasis rate with 78 Gy than with 70 Gy (98% vs. 87%, respectively, p = .054) (Fig. 22-9). It is 
tempting to speculate that the reduction in distant metastasis seen in the higher-dose arm is related to improved eradication of local tumors, which would serve as a 
nidus for subsequent metastatic spread of disease.

FIGURE 22-8. Kaplan-Meier fraction free-of-failure curves for all patients by dose randomization (70 vs. 78 Gy). The numbers of patients at risk at 10-month intervals 
are shown above the graph. (From Pollack A, Zagars GK, Smith LG, et al. Preliminary results of a randomized radiotherapy dose-escalation study comparing 70 Gy 
with 78 Gy for prostate cancer. J Clin Oncol 2000;18:3904–3911, with permission.)

FIGURE 22-9. Kaplan-Meier freedom from distant metastasis for all patients (A) and those with prostate-specific antigen levels of greater than 10 ng per mL (B) by 
dose randomization (70 vs. 78 Gy). The numbers of patients at risk at 10-month intervals are shown above the graphs. (From Pollack A, Zagars GK, Smith LG, et al. 
Preliminary results of a randomized radiotherapy dose-escalation study comparing 70 Gy with 78 Gy for prostate cancer. J Clin Oncol 2000;18:3904–3911, with 
permission.)

INTENSITY-MODULATED RADIATION THERAPY VERSUS THREE-DIMENSIONAL CONFORMAL RADIATION THERAPY

3D CRT refers broadly to a variety of radiation therapy planning and delivery techniques designed to shape or conform a radiation dose distribution to the shape of a 
specific target volume. Likewise, 3D CRT may also allow conformal avoidance of radiation-sensitive structures. A specific and important subset of 3D CRT is IMRT. 
Conventional unmodulated radiation therapy beams achieve conformality by aperture or field shaping of uniform radiation output from a linear accelerator. The BEV 
tool, described earlier, is used to accomplish this field shaping. As the name implies, IMRT changes the fluence or intensity of the x-ray beam as it exits the linear 
accelerator. This modulation of radiation intensity adds another dimension of radiation dose shaping capabilities that allows more complex dose distributions than 
achievable with standard 3D CRT.

Differences in Planning

In traditional 3D CRT treatment planning, the dose distribution is computed only after radiation beams are applied. If the distribution is unacceptable, then the plan 
can be modified by reshaping the radiation fields or by changing the relative weight of the contributing radiation beams. IMRT introduces another level of complexity. 
Although the forward iterative or trial and error method of treatment plan optimization can be used with IMRT, most treatment planning systems incorporating IMRT 
use an inverse treatment planning approach.

Forward versus Inverse Planning

Forward treatment planning refers to the process of dose calculation after the radiation fields, and relative beam weights are chosen or designed by the treatment 
planner. The resultant computed dose distribution is then reviewed for plan quality, evaluating dose to targets and normal structures for clinical acceptability. Inverse 
planning refers to the process of determining a dose distribution or defining dose constraints that are used to determine the radiation beam shapes and intensity 
exiting the linear accelerator. These beam intensities are determined by “back projection” from the desired dose distribution. A radiation beam can be divided into 
multiple hypothetical beamlets. A large relative thickness or density of the target will increase the intensity of the beamlet intersecting with that portion of the target. 
Likewise, beamlets passing through normal radiosensitive structures will have a reduced intensity.

Implementation of inverse planning and IMRT places greater demand on the radiation oncologist to define target volumes and critical structures carefully. The intuitive 
input of forward planning is eliminated in the inverse planning process. If dose to adjacent tissues is an important clinical factor, then the DVH may not accurately 
represent this unless appropriate attention has been paid to anatomical segmentation or definition of that region. The treatment planning team, consisting of the 
radiation oncologist, physicist, and dosimetrist, needs to give considerable thought to the dose prescription and constraints. There is significant trade-off between 
coverage of a target, avoidance of adjacent critical structures, and the homogeneity of the distribution within the target. The radiation oncologist must apply various 



weights or levels of importance to his or her dosimetric goals. Even with IMRT, the “perfect” dose distribution that creates a complete homogeneous coverage of the 
target volume and zero or small dose to the adjacent radiation-sensitive structures may not be physically achievable. In many cases, compromises between target 
dose and normal tissue dose will need to be considered. Similarly, evaluation of the treatment plan requires careful review of DVHs and dose displays. The price that 
is paid by the increased conformality around the target is the possible increase in dose to adjacent tissues that, unless defined and constrained with dose limits a 
priori, may lead to their excessive irradiation.

Differences in Treatment Delivery

There are several ways in which radiation beam intensities can be modulated. One of the simplest methods used to modulate a radiation beam is the shrinking field 
technique. Similar to a boost in conventional radiation therapy, small subfields can supplement larger fields to bring regions within the field to a greater intensity. 
Because most IMRT plans have numerous levels of varying intensity, this method is most commonly accomplished using multiple static radiation fields shaped using 
the MLC. With an MLC, beam shaping can take place remotely and quickly by computer control. In our experience, as many as 30 segments can be used in each field 
when applying the segmental MLC method. When automatically driven by the MLC computer, the treatment time can be kept to a range similar to that used for 
standard 3D CRT. Figure 22-10 depicts a fluence map that could be derived from an inverse treatment plan. There is a corresponding portal radiograph exposed by 
the modulated x-ray beam.

FIGURE 22-10. Intensity-modulated radiation therapy dose intensity representations. A: The relative fluence or intensity of the radiation beam is depicted in a 
three-dimensional map. B: The darker shades correspond to a greater intensity of radiation emitted to a region within the target. More intense radiation can be 
delivered to subfields by a multileaf collimator remaining open for longer exposures. C: As the radiation exits from the patient, a portal radiograph can demonstrate 
the variable intensities across the radiation field.

A greater degree of conformality and treatment efficiency can be achieved with a dynamic MLC method of treatment delivery. With dynamic MLC, the independent leaf 
pairs of the MLC move continuously across the radiation field. The speed of the MLC motion and the relative separation between opposing leaf pairs determine the 
amount of radiation emitted in various regions of the field.

One of the first clinical methods of IMRT was delivered with a helical tomographic treatment device. The MIMiC (NOMOS Corporation, Sewickley, PA) is a tertiary 
collimator system that is inserted into the block tray of most linear accelerators. As the linear accelerator gantry rotates around the patient, the MIMiC modulates the 
beam continuously in a plane perpendicular to the treatment table. The MIMiC treats 1.6-cm slices of tissue in a manner inversely analogous to a diagnostic CT scan. 
Once a slice of tissue is irradiated, the table is moved 1.6 cm in a longitudinal direction to allow irradiation of another 1.6-cm slice. The treatment of a prostate patient 
generally takes five table positions or slices to complete treatment. Some institutions have used a wider treatment slice of 3.2 cm to make the delivery more efficient, 
albeit at the cost of diminished conformality ( 64a).

Engineers and physicists at the University of Wisconsin have proposed a novel linear accelerator design. In this system, a small linear accelerator is mounted on a 
ring gantry that can rotate beyond the 360-degree constraint on all other medical linear accelerators. The accelerator rotates around the patient in a spiral or 
corkscrew fashion with the beam intensity modulated by an internal MIMiC. This design potentially allows for megavoltage CT image acquisition that can be used to 
verify internal target position and treatment ( 64b).

Potential Clinical Advantages

As described earlier, the rate of rectal toxicity begins to rise substantially after a prescribed dose of 75 to 80 Gy with conventional fractionation using 3D CRT. To 
continue to safe escalation of radiation dose above 75 to 80 Gy, several institutions have moved to implementation of IMRT. Investigators at the Memorial 
Sloan-Kettering Cancer Center described an IMRT method that allowed a significantly improved conformality and increased dose homogeneity than the plan produced 
by a conventional 3D CRT technique. Subsequently, clinical results have been published describing a group of 171 prostate cancer patients treated to 81 Gy using 
IMRT. A dynamic MLC treatment delivery method was used. When compared to a group of 61 patients treated to 81 Gy delivered with a conventional 3D CRT 
approach, the IMRT technique resulted in a decrease in late grade 2 rectal toxicity. The 2-year actuarial risk of grade 2 bleeding was 2% for IMRT and 10% for 
conventional 3D CRT (p <.001) (57).

Teh et al. (64a) have described clinical IMRT results with a tomotherapy device in 100 patients treated to a prescribed dose of 70 Gy. To eliminate internal organ 
motion, an internal rectal balloon was used for daily prostate immobilization. Eighty-three percent of patients had no acute gastrointestinal complaints, and 27% had 
no acute genitourinary complaints. No patient in that series experienced any grade 3 or greater toxicity.

At the Cleveland Clinic, IMRT is being used to escalate the daily dose fraction size. Unlike the dose escalation trials previously described, this paradigm seeks to 
reduce the overall treatment time to 51/2 weeks by delivering 70 Gy in 28 2.5-Gy fractions. Without IMRT, the risk of late normal tissue toxicity rises significantly with 
this dose per fraction. By using IMRT, the dose per fraction to the adjacent normal structures, such as the rectum and bladder, can be maintained to conventional 
levels of 1.8 to 2.0 Gy or less. Preliminary results of this dose escalation scheme have demonstrated no increase in acute toxicity. It is too soon to know whether late 
effects, such as rectal bleeding, will be kept to acceptable levels ( 64c).

SUMMARY

External beam radiation therapy is a suitable alternative to radical prostatectomy and brachytherapy for men with localized prostate cancer. Advances in diagnostic 
imaging and radiation therapy planning and an improved understanding of the natural history of localized prostate cancer have resulted in improved outcomes for men 
choosing external beam radiation therapy for primary treatment. The reduction in late effects with 3D CRT by itself justifies the use of this modality in the majority of 
men receiving this treatment. The improvement in biochemical disease-free survival seen in the series from the Mallinckrodt Institute of Radiology ( 50) and the Fox 
Chase Cancer Center (53) argue that improved targeting has come about with 3D CRT. More important, the ability to safely escalate dose with the use of 3D CRT is 
yielding exciting results. The dose escalation series from the Fox Chase and Memorial Sloan-Kettering Cancer Centers ( 56,57,58 and 59) provide some evidence that 
higher doses will lead to more cures. Series such as these may suffer from selection or lead-time biases. The randomized study conducted at the M. D. Anderson 
Cancer Center provides strong evidence that a higher dose will indeed control more cancers. This study needs to be repeated on a larger scale before a prescription 
dose of 78 Gy becomes the community standard. The RTOG is currently planning this study.
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INTRODUCTION

Prostate cancer is the most common cancer (other than skin cancer) and the second leading cause of cancer mortality in men. The incidence increased rapidly with 
the introduction of the prostate-specific antigen (PSA) blood test ( 1). Not only did the incidence of newly diagnosed cases increase, but also the percentage of 
patients diagnosed with early stage disease increased dramatically. It has been recently reported that 77% of newly diagnosed cases are early stage (T1 and T2) at 
the time of diagnosis, compared to 57% between 1975 and1979 (2).

The high incidence of early stage disease being diagnosed has resulted in an increased demand by patients for aggressive definitive treatment. The therapeutic 
options of radical prostatectomy and external beam radiation therapy are under more scrutiny ( 3,4,5 and 6). Talcott has discussed the toxicity of these treatment 
modalities by way of patient interviews and surveys ( 7). PSA testing in follow-up of patients treated with modern external beam radiation therapy or surgery has shown 
these modalities to be less effective at eradicating all the malignancy than we once thought they were (in the pre-PSA era). It has also shown that neither modality 
appears to be superior to the other in terms of biochemical control when the major pretreatment risk factors are taken into account ( 8,9,10,11 and 12).

Permanent, interstitial prostate brachytherapy is a form of radiation therapy in which radioactive sources are placed permanently, directly into the prostate. The 
primary goal of prostate brachytherapy is to deliver very high doses of radiation to the prostate and relatively low doses to the surrounding normal structures. 
Ultrasound- and template-guided permanent transperineal radioactive seed implantation is emerging as a reasonable treatment option for men with early-stage 
prostate cancer.

The demand for radioactive seed implantation has increased dramatically over the 1990s. This is a result of many factors, including improved outcomes with the 
modern seed implantation techniques, acceptably low rates of permanent complications in properly selected patients, and the conveyance of a single outpatient 
treatment (13).

PROSTATE BRACHYTHERAPY HISTORY

In 1903, Alexander Graham Bell postulated that an effective way to control tumors might be to insert radioactive sources directly into them. In 1911, Pasteur 
suggested treating prostate cancer by inserting radium into the prostate ( 14). In 1922, Denning reported a series of 100 patients with prostate cancer whom he treated 
with transurethral radium insertion ( 15). Compared to other methods of prostate cancer treatment in that era, the control rates he achieved were quite good. 
Complication rates were high, however, as there was no way to adequately measure the radiation dose delivered. Prostate brachytherapy fell into disuse with the 
advent of the radical prostatectomy and improved anesthetic and surgical techniques. With the development of megavoltage radiation therapy, external beam 
radiation therapy became a popular treatment for prostate cancer in the 1960s.

In the late 1960s, Scardino and Carlton reintroduced prostate cancer brachytherapy ( 16). They used a combination therapy approach of interstitial gold 198 
implantation and external beam radiation therapy. In the early 1970s, Dr. Whitmore and his colleagues developed and reported on the use of permanent interstitial 
iodine 125 (125I) seed implantation (17). This was at Memorial Sloan-Kettering Cancer Center (MSKCC) in New York City. They placed the seeds at the time of open 
laparotomy by way of a retropubic approach. This technique became quite popular throughout the United States. However, as more follow-up was obtained, it became 
apparent that the control rate, in general, achieved with open laparotomy retropubic interstitial seed implantation was inferior to the results of surgery and external 
beam radiation in that era. At open laparotomy, the brachytherapist was not able to clearly visualize the placement of the seeds into the prostate. It was common for 
these implants to have an inhomogeneous distribution of seeds, as identified on orthogonal films taken for postimplant dosimetry. In that era, they used a spacing 
nomogram to determine the number of seeds needed, because sophisticated computerized preplanning was not available. It was not known that patients with stage C 
disease or large transurethral resection of the prostate (TURP) defects were poor candidates for permanent seed implantation.

Historical Retropubic Results

The outcomes and results of the open retropubic approach have been thoroughly debated and reviewed in the literature ( 8,14,18). The end points available in the 
1970s and early 1980s were survival and local control. For stage A and B disease, the survival rates with brachytherapy and external beam radiation therapy were 
similar in institutions that used both treatment modalities ( 19,20,21,22,23 and 24). This similarity in survival could be due to two incongruous hypotheses. First, each 
form of radiation therapy was equally effective at controlling disease. Second, neither form of therapy was particularly effective or ineffective. By its very nature, 
early-stage prostate cancer is often only slowly progressive; thus, similar survival rates could be expected in this older population, whether or not therapy was 
effective at totally eradicating the disease.

Local control became the benchmark by which effectiveness of local therapy was evaluated in the pre-PSA era. The interpretation of local control was problematic. 
Without PSA evaluations or the common use of posttreatment biopsies, local control was determined by relatively insensitive clinical criteria. Local failure was defined 
by a progressing palpable abnormality on serial digital rectal examinations (DREs) or by development of urinary obstructive symptoms. With these relatively crude 
end points and the absence of modern actuarial statistical models comparing the local control rates of brachytherapy, external beam ration therapy and surgery are 
challenging at best. In those few centers that have reported long-term results with both methods of radiation therapy (in early-stage low-grade disease), there does 
not appear to be a significant difference in local control for either treatment. However, as stage or grade progressed, external beam radiation produced better results 
(21,24,25).



The clinical data at that time suggested those patients with poorly differentiated lesions had high failure rates, but those with well to moderately differentiated lesions 
appeared to have reasonable control rates if adequate doses were obtained at implantation. In those patients with early-stage disease without large TURP defects, in 
whom postimplant dosimetry appeared good, excellent local control was obtained ( 19,20,23,26). The long-term results of retropubic implantation at MSKCC reveal a 
60% local control rate if the matched peripheral dose (MPD) was greater than 140 Gy but only 20% if that MPD was not achieved ( 20). Hilaris et al. reported 15-year 
survivals of 70% in patients with stage B1 disease ( 27). These published reports suggest that successful outcomes are more dependent on patient selection and 
accurate placement of the radioactive isotopes than on some inherent radiobiologic resistance of prostate cancer to low-dose-rate brachytherapy. However, 
high-quality implantation was not achieved consistently with the open laparotomy technique. This, combined with suboptimal outcomes, led to the abandonment of 
prostate permanent seed implantation in the early 1980s.

It became clear that permanent radioactive seed implantation would not become an accepted treatment option until high-quality implants could be consistently 
obtained in properly selected patients. Technical advances needed to be made before this could become a reality.

TECHNICAL ADVANCES IN PROSTATE BRACHYTHERAPY

In the 1980s, several important advances were achieved and refined. At Long Beach Memorial Hospital, Puthawala and Syed pioneered a transperineal approach to 
prostate brachytherapy done at the time of open laparotomy (28). Martinez et al. treated locally advanced prostate cancer with the combination of external beam 
radiation therapy and a multiple site transperineal applicator ( 29).

Advances in transrectal ultrasonography led Dr. Holm to use this new technology to guide radioactive 125I seeds into the prostate. This was done by inserting the 125I 
radioactive seeds transperineally, while the ultrasound probe in the rectum visualized the precise location of the needles used to deposit the radioactive seeds. Even 
seed distribution was noted on orthogonal films. He published his technique in 1983 ( 30). This technology allowed the brachytherapist to image the prostate before 
implantation and develop a three-dimensional (3D) representation of that individual's prostate. From this, a conformal pretreatment plan could be rendered in which 
the precise location of each radioactive source “seed” could be determined. This preplan could then be carried out at the time of the implantation. Real-time 
transrectal ultrasound (TRUS) imaging allowed the brachytherapist to guide the placement of the needles carrying the radioactive seeds into their proper position.

In 1985, Dr. Blasko performed the first TRUS and template-guided closed transperineal 125I permanent seed implantation of the prostate for early-stage prostate 
cancer in the United States, in Seattle. The Seattle team used TRUS preoperatively to map out the size and shape of the prostate from base to apex. This was used to 
develop a customized conformal preplan that identified the precise location (in x, y, and z coordinates) within the prostate for each radioactive seed to be used. The 
patient position and ultrasound measurements were then duplicated in the operating room (OR) a few weeks later, at which time the radioactive seeds were inserted 
under ultrasound guidance in accordance with that patient's individualized, conformal preplan ( Fig. 23-1). Early on, fluoroscopy showed even seed distribution 
consistently in implants performed in Seattle and other centers that had passed the learning curve of modern brachytherapy ( Fig. 23-2).

FIGURE 23-1. Schematic illustration of ultrasound-guided transperineal prostate brachytherapy.

FIGURE 23-2. Fluoroscopic image showing even seed distribution after ultrasound-guided prostate brachytherapy.

In the late 1980s and 1990s, the widespread availability of sophisticated, computerized planning systems specifically developed for prostate brachytherapy made 
treatment planning quicker and more flexible. It allowed this technology to be moved out of specific institutions into the general community. Improvements in template 
design, stabilization equipment, and OR technique have further improved the accuracy and speed of the procedure. The addition of another low-dose-rate, low-energy 
radioisotope, palladium 103 ( 103Pd), and the widespread availability of computed tomography (CT) have further increased the medical profession's interest in prostate 
brachytherapy. It is now performed as a closed, percutaneous 45-minute outpatient procedure in many centers. There are some who prefer to use the Mick applicator 
system, and others prefer the preloaded needles (31,32,33 and 34). Some prefer to use 125I as loose seeds or stranded seeds, and others prefer 103Pd. An advantage 
to stranded seeds [seeds embedded in Vicryl suture (RAPID Strand)] is the low rate of seed embolization, 0.7% for embedded seeds, versus 11% for loose seeds 
(35). A theoretic advantage for 103Pd is that its lower energy may deliver a lesser dose to the rectum. Most use an ultrasound-planned and ultrasound-guided 
technique (30,36,37 and 38).

However, there are proponents of CT-planned ( 39,40,41 and 42) and, recently, magnetic resonance imaging (MRI)–directed permanent interstitial seed implantation 
(43). Multiple institutions have published results demonstrating that the previously discussed advances in technology and patient selection have led to an 
improvement in the accuracy and consistency of permanent interstitial radioactive seed implantation ( 30,39,44,45). Differences in technique are prevalent. Individuals 
and institutions commonly attach a label to their own particular variation in methodology, such as “real-time,” “CT scan based,” or “interactive,” so as to separate their 
methods from others. Most involve a closed transperineal percutaneous approach that is guided in real time by an imaging apparatus to guide seed placement in 
accordance with the conformal treatment preplan. Most agree that the important point is the end result: the postimplantation dosimetry. There are no studies that have 
compared the dosimetric outcomes of these various differences in technique. In the 1990s, it became apparent that postimplantation dosimetry needed to be CT or 
MRI based, or both (46). Postimplantation dosimetry based on orthogonal films is no longer acceptable ( 13,47,48).

In essence, modern transperineal permanent low-dose-rate prostate brachytherapy can be divided into four parts: (a) patient selection, (b) conformal preplanning, (c) 
the implant procedure, and (d) postimplantation dosimetric evaluation.

PATIENT SELECTION



Among brachytherapists, there is some variation in selection criteria. In general, patients who are candidates for seed implantation alone are often equally suitable 
candidates for other treatment options, such as external beam radiation therapy or radical prostatectomy. To be considered as candidates for monotherapy seed 
implantation, patients should meet certain technical and clinical conditions.

Technical factors deal with the ability to physically place the radioactive seeds in such a distribution that postimplantation dosimetry will be deemed adequate. A large 
gland (larger than 60 cc) will often be difficult to implant, owing to pubic arch interference. The seeds are typically placed by way of a transperineal template-guided 
approach. If the prostate is too large, then some of the gland (anterior and laterally) will be blocked to needle insertion by the pubic arch. If the prostate is smaller than 
40 cc, then pubic arch interference is uncommon. In a 40- to 60-cc prostate pubic arch, interference occurs often enough to justify a pubic arch correlate CT scan. 
When more than 25% of the prostate appears to be blocked by the pubic arch on the CT correlate scan, implantation of the prostate in the OR will be difficult. Often, 
this problem can be overcome by downsizing the prostate with androgen ablation. Three months of total androgen ablation will downsize the prostate volume by an 
average of 45% (49). Even if the pubic arch were not a factor, many brachytherapists shy away from implanting very large prostates because of concerns over 
possible toxicities that might occur with irradiation of such a large volume to such a high dose, especially when other reasonable treatment options are usually 
available (46).

Patients with a history of a TURP need to be evaluated carefully. A large TURP defect can limit the number and distribution of seeds placed within the interior of the 
prostate and lead to underdosing problems. Patients with a history of a TURP, large or small, recent or remote, have been reported to experience more long-term 
urinary side effects (13,47,50). Thus, both technical and clinical factors come into play in TURP patients.

Patients with a large median lobe can be technically challenging. It is difficult to deliver prescription-level doses to the median lobe with seed monotherapy. 
Fortunately, this region seldom harbors malignant cells in early-stage disease, so it is not clear that full-prescription doses of radiation need to be delivered to the 
entire median lobe.

Clinical factors deal with the suitability of an individual patient based on how extensive the patient's disease is and how well the patient is expected to tolerate 
therapy. Local therapy, such as surgery or permanent seed implantation alone, is suitable for patients with a high chance of having organ-confined disease. For those 
patients considered to have a substantial risk of extensive extracapsular spread of disease beyond the confines of surgery or monotherapy seed implantation, 
external beam radiation with or without a seed implant boost is often reasonable. The challenge lies in identification of those patients with disease that is too 
advanced for seed monotherapy. Studies indicate that patients with clinically staged disease are often upstaged at time of radical prostatectomy 
(33,51,52,53,54,55,56,57,58,59 and 60).

Partin et al. established that pretreatment PSA, grade, and clinical stage (by DRE) are important clinical factors predicting for extraprostatic disease ( 61). The Partin 
tables divide the risk of extraprostatic extension of disease into the risk of lymph node (LN), seminal vesicle (SV), and established capsular penetration (ECP). The 
total ECP risk is the sum of the LN, SV, and ECP risks. The penetration through the prostate capsule (ECP) is often only a short distance (a few millimeters). When 
this is the case, ECP may be encompassed within a surgical and, therefore, an implant volume. Epstein et al. demonstrated that, for patients with pathologically 
determined ECP but negative LNs and negative SVs and a Gleason of 6 or less, the chance of failing radical prostatectomy was 25% at 7 years ( 54). An explanation 
for this relatively low failure rate in these ECP patients is that the ECP was such a short distance that it was all encompassed within the surgical margins in the 
failure-free patients (62,63). Conversely, the risk of failure was 50% if the Gleason score was 7 or greater in patients with ECP yet negative LNs and negative SVs 
(54). The approximate risk of failure with surgery (and presumably monotherapy seed implantation) might therefore be expressed as a percentage of the ECP added 
to the risk of LN and SV involvement. As illustrated in Table 23-1, by multiplying the risk of ECP by 25% or 50% (depending on Gleason score) and adding to that the 
risk of LN and SV involvement (as predicted by the Partin tables), the clinician can estimate the risk of disease beyond the confines of local therapy (surgery or 
monotherapy seed implantation) (64). When one plugs in the numbers to this equation, the predicted total risk of disease beyond the confines of local therapy comes 
quite close to the failure rates of the surgical and seed monotherapy results reported in the medical literature.

TABLE 23-1. RELATIONSHIP OF GLEASON SCORE TO THE RISK OF DISEASE BEYOND REACH OF LOCAL THERAPY

This calculation can be helpful when discussing with a potential brachytherapy candidate whether to treat with seed monotherapy or external beam radiation with a 
seed implant boost. Other factors that the clinician will wish to take into account are the number and percentage of positive biopsies and whether perineural invasion 
was noted in the biopsy specimens.

Using the Partin tables, number of positive biopsies, and recent clinical results with local therapy, patients usually can be divided into a low-risk group suitable for 
implant alone and a high-risk group more suitable for external beam radiation and an implant boost.

In general, low-risk patients (cT1 and cT2a disease, PSA less than or equal to 10 ng per mL, and Gleason score of 2 to 6) are reasonable candidates for implant 
alone. Although this stratification is helpful, other clinical factors may need to be considered. Perineural invasion and multiple positive sextant biopsies have been 
demonstrated risk factors for extracapsular extension of disease (52,54,58,65,66 and 67). These factors have been shown to increase the risk of extracapsular 
penetration, but how significant they are compared to Gleason score, stage, and PSA has yet to be determined. Further studies will need to be done to determine how 
critical these other factors are clinically in monotherapy seed implantation, independent of the already established Partin tables. The use of MRI in patient selection 
for seed implantation monotherapy is unresolved ( 68).

The use of combined external beam and seed implantation for all patients, as advocated by some practitioners, does not seem justified in the light of current data 
(13,47,69). One of the rationales for combining external beam radiation and implantation in all patients is the high risk of extracapsular spread in most patients. This 
philosophy fails to recognize that ECP in favorable low-risk patients is rarely beyond 1 to 5 mm, clearly within the confines of local treatment ( 62,63). Clinical results 
for these low-risk patients treated with implant alone have been excellent ( 70).

High-risk patients are those with two of three poor prognostic factors (cT2c, Gleason score of 7 or greater, PSA between 10.1 and 20) or PSA greater than 20. These 
patients are not generally considered suitable for seed monotherapy. They are usually treated by brachytherapists with a combination of external beam radiation and 
a permanent seed or temporary high-dose-rate (HDR) boost.

Patients in the intermediate-risk group are patients with one poor risk factor (Gleason score 7 or greater, stage cT2c, or PSA between 10 and 20). Results of 
monotherapy in this group are mixed. Some centers have presented excellent results with monotherapy in this risk cohort, others poor results ( 64,71,72,73 and 74). It 
is possible that the contrasting outcomes are a result of differences in implant quality due to the differences in technique and experience of the various 
brachytherapists. Other explanations could include hidden selection biases among the various patient populations that are impossible to control for when comparing 
reports of retrospective reviews between different institutions.

Certain patients are not considered suitable candidates for permanent transperineal seed implantation. Patients who are stage cT3 or higher or LN positive, and 
patients with metastatic disease are not expected to benefit from permanent seed brachytherapy. Age has not been demonstrated to be a selection factor. Relative 



contraindications include a history of even a small TURP. Patients with prior TURP, even in the remote past, have been reported to experience higher rates of 
incontinence and superficial urethral necrosis ( 47,75). Patients with significant obstructive voiding symptoms may be at risk for needing a TURP postimplantation and 
should be approached with caution. In these patients, it is prudent to perform uroflow voiding studies, check postvoid residuals, and consider cystoscopy before 
accepting the patient as a permanent seed implant candidate. In some of these patients, the obstructive voiding symptoms respond well to alpha blockers or androgen 
ablation, or both. If the symptoms do respond well, the patient would then be an appropriate candidate for seed implantation.

Patients who fall into a gray area, technically or clinically, might be best served by having a second opinion by a radiation oncologist who subspecializes in prostate 
cancer brachytherapy (46). This could include patients technically difficult to implant adequately, such as patients with a large median lobe, prior TURP, or large 
prostate volume. It could also include clinically challenging patients, such as those with a history of some prior pelvic radiation therapy, significant prior pelvic surgery, 
severe diabetes, and patients with moderate to severe obstructive urinary symptoms.

PREIMPLANT CONFORMAL DOSIMETRY

The goal of treatment is to deliver doses to the prostate higher than that which is achievable with external beam radiation therapy or temporary low-dose-rate or HDR 
brachytherapy. The assumption is that the higher the dose delivered, the higher the likelihood that all malignant clonogens will be destroyed. Despite the dose 
inhomogeneity seen and expected with permanent radioactive seed implantation, the total dose and the radiobiologic effective dose delivered to the prostate with this 
technique are significantly higher than standard external beam radiotherapy, 3D conformal, particle-beam, or HDR temporary brachytherapy can achieve ( 13,46,76).

Because radiation emanates from a single source or seed, dose inhomogeneity is inherent to any temporary or permanent brachytherapy implant. Therefore, to 
standardize the dose prescription, the prescribed dose was described in the past as the MPD. The MPD is the dose delivered to a volume equal to an ellipsoid volume 
with the same average dimension as the prostate gland. This definition is admittedly confusing. Most practitioners consider the prescription dose to be the dose 
encompassing the target volume. The target volume for prostate cancer is typically the entire prostate and a small amount of surrounding normal tissue. Using 
standard dose nomograms, as was done in the past with the open laparotomy retropubic implants, is reasonable if the prostate is relatively symmetric and ellipsoid in 
shape. However, using a target volume approach based on the individual patient's prostate volume and shape (as determined by ultrasound or MRI) is intuitively a 
more precise therapy. CT scans appear to overestimate the size of the prostate compared to pathologic specimens, whereas volumes from TRUS volume studies 
appear to match the pathologic prostatectomy volume well (77).

The MPD (implant prescription dose) only describes the dose at the periphery of the target volume. Dramatic differences in source distribution philosophy exist from 
one institution to another. Whereas the dose prescribed for an implant will be the same from one center to the next (as described by the MPD), the dose distribution 
within and adjacent to the gland can vary significantly due to differences in source distribution loading patterns. Actual doses to the central portion of the prostate and 
tumor are often considerably higher (200 to 400 Gy for 125I implants) than the MPD. The central dose varies significantly, depending on the activity of the seed used 
and placement technique. The dose to the rectum can also vary from one center to the next, depending on source distribution and seed activity.

Uniform loading dictates that each seed is evenly spaced (1 cm from seed center to seed center) throughout the prostate gland. With this technique, a relatively large 
number of low-activity seeds are used. This has the theoretic advantage of relying less on the precise position of each individual seed. With this technique, if a few 
seeds migrate out of position during the implant, there will be little disturbance in the ultimate postimplantation dosimetry and, therefore, a low risk of local disease 
relapse. The potential disadvantage is that this technique delivers a very high dose to the center of the implant volume (the urethra), and it is a more expensive 
technique due to the higher number of seeds required.

The peripheral loading philosophy of seed distribution dictates placing the seeds just inside of the peripheral edge of the prostate. This relies on relatively few seeds 
of higher activity to achieve adequate dose to the center of the gland. The potential advantage of this technique is the avoidance of overdosing the central portion of 
the prostate. The theoretic disadvantage lies in the importance of the precisely accurate placement of each individual seed. Even a few seeds misaligned would be 
expected to result in a cold spot in the prostate and a hot spot outside the gland. This could be expected to result in overdosing structures outside the prostate 
(rectum and neurovascular bundle) and underdosing tissue inside the planned treatment volume (cancer).

Modified uniform loading is a fusion of the pure uniform seed spacing system and the pure peripheral seed spacing system. The theoretic advantage of the modified 
uniform loading technique is that the dose delivered to any specific point within the target volume is relatively independent of the precise position of a specific seed 
and therefore may be more forgiving of slight errors in seed placement than the peripheral technique. The modified uniform loading technique uses fewer seeds in the 
central aspect of the target volume than the pure uniform loading system and more than the pure peripheral loading system. It uses more seeds in the periphery of the 
target volume than the pure uniform loading system. Thus, the dose delivered centrally is less than that expected with the pure uniform technique, yet still greater than 
the dose delivered to the peripheral edge of the gland.

Clinical studies will have to be performed to determine whether one technique is truly superior in daily practice to another. Because these different planning 
techniques and implant philosophies have a potential impact on tumor control and treatment morbidity, physicians should be aware of the results of these various 
implant techniques when advising patients.

The primary dosimetry philosophies used today are modifications of the Manchester (peripheral loading) and Quimby (uniform loading) systems. In considering the 
merits and pitfalls of each of these systems, it is important to keep in mind the locations anatomically of the rectum, bladder, urethra, neurovascular bundle, and 
peripheral zone of the prostate. Most centers currently preplan the seed arrangement based on a preoperative TRUS volume study and use a fusion of the 
Manchester and Quimby loading systems to develop a modified uniform loading preplan for each individual patient ( 13,78,79). Depending on physician preference and 
logistics, this preplanning can be done in the clinic weeks before the implant or in the OR minutes before the implant.

The American Brachytherapy Society (ABS) recently recommended that all patients undergo dosimetric planning before the implant procedure itself ( 46). The initial 
TRUS volume study is a critical first step in the evaluation and treatment planning of patients who intend to undergo TRUS-guided seed implantation. It is used to 
develop a treatment plan that identifies the number and activity of the seeds and the precise 3D coordinate into which each seed will need to be placed within the 
prostate. Most centers perform the TRUS volume study and preimplantation dosimetry weeks before the actual implant, although some prefer to do this in the OR 
immediately before the procedure (32,45,80,81,82 and 83). It is important to perform this study before the initiation of external beam in those patients receiving 
combined treatment. It is common to find the TRUS prostate volume to be much larger than initially anticipated by DRE or at the time of ultrasound-guided biopsy. 
Once the external beam starts, the clock starts running.

The TRUS volume study should be performed with the patient in the same position he will be in at implantation, which is extended dorsal lithotomy. Serial transverse 
images are taken at 5-mm intervals from base to apex. It is important to take a sagittal image to verify that the sum of the transverse images adds up to the correct 
prostate length. The number of transverse images should be equal to two times the length of the prostate (in cm) plus one. During the TRUS volume study (and the 
implant itself), care should be taken to avoid compressing the gland with the ultrasound probe. The normal prostate does not wrap around the rectum in a dog-ear 
shape. Usually, the ideal megahertz frequency to use during the TRUS volume studies and for implantation is 5.0 to 6.5 MHz and not the 7.5 MHz frequency often 
used during a diagnostic scan. The ultrasonographer should outline the prostate with the white dotted cursor line ( Fig. 23-3). After that, the radiation oncologist 
outlines the planned target volume. The target volume is usually larger than the prostate volume, especially at the base and apex of the gland. From this, the preplan 
for a peripheral or modified uniform seed-loading pattern can be run. In the early 1990s, MSKCC used CT-planned implant dosimetry (but not CT or ultrasound 
guided) and has had success in patients with pretreatment PSA level less than or equal to 10 ng per mL but less favorable results in patients with higher pretreatment 
PSA levels (39,84,85).



FIGURE 23-3. Transrectal ultrasound images with prostate volume (pv) (dotted line) and target volume (tv) (solid line) contours.

DOSE

The exact dose needed to sterilize early stage prostate cancer when treated by brachytherapy is not fully established. Moreover, most studies to date have reported 
the planned prescription dose for the prostate, not the dose actually achieved at time of implantation.

Current prescription doses have evolved from the old retropubic data from MSKCC and the modern ultrasound-guided technique pioneered by the Seattle team. The 
retropubic implant MSKCC results reported by Fuks et al. revealed a 60% 10-year local control rate (by DRE) in patients achieving an MDP of 140 Gy or greater but 
only a 20% local control in those with a dose less than 140 Gy ( 20). The Seattle team used a prescribed dose of 160 MPD [144-Gy task group (TG)-43] and achieved 
local control rates in excess of 93% using DRE and biopsy to evaluate local control ( 13,47,64). A recent report from Stock et al. suggests superior PSA 
progression-free survival in patients achieving a dose in which 90% of prostate receives (D90) greater than 140 Gy (TG-43) in patients treated with 125I monotherapy 
(81).

In modern practice, the dose prescribed depends on whether the isotope being used is 103Pd or 125I. Only a few centers worldwide still use gold seeds. For 
monotherapy with 103Pd, the ABS recommends a prescribed MPD of 115 to 120 Gy and 144 Gy for 125I (45,46,82,86). The doses prescribed for 103Pd and 125I 
monotherapy are different because the dose rates are different. 103Pd has a half-life of 17 days and a dose rate of 18 to 20 cGy per hour. 125I has a half-life of 
approximately 59.4 days and a dose rate of 7 cGy per hour ( 50). 125I has a photon energy of 28 kev and was introduced into clinical practice in 1965. 103Pd has a 
photon energy of 21 keV and was introduced in 1986. The clinical significance of these differences are controversial. Mathematical models described by Ling et al. 
suggest that 125I may be more appropriate in slower-growing tumors and 103Pd more effective in faster-growing tumors (87,88). Because of these models, some 
investigators use 125I for lower Gleason score tumors and 103Pd for higher-grade lesions (79). However, a recent study by Haustermans et al. showed no correlation 
between cell kinetics and histology in human prostate biopsies ( 89). Retrospective clinical reviews have not shown a difference in the effectiveness of either isotope 
for any Gleason score. A randomized trial involving intermediate Gleason score tumors is currently under way at the University of Washington to try to shed some 
light on this issue. At the present time, the ABS does not recommend one isotope over the other for any Gleason score ( 46).

Due to the differences in dose rate and half-life, different prescription doses are used for 103Pd and 125I in an attempt to achieve the same radiobiologic effect ( 45). The 
MPD of 145 Gy for 125I is believed to be radiobiologically equivalent to the MPD of 115 Gy for 103Pd.

In 1995, the American Association of Physicists in Medicine issued its TG-43 report on interstitial brachytherapy dosimetry. The TG-43 report included a new, 
single-source dose calculation formalism and recommended dosimetry constraints for 125I sources. The dose rates are predicted to be 10% to 18% less than the 
pre–TG-43 dose rates. In the end, the prescribed MPD (done with post–TG-43 calculations) would translate into a 10% to 18% higher dose delivered. As a result, to 
achieve the same biologic effect as 160 Gy MPD pre–TG-43, institutions should now prescribe 144-Gy MPD post–TG-43 ( 90). The V150 is the volume of prostate that 
receives 150% or greater of the prescription dose. Most experienced brachytherapists preplan the V150 to be less than 50% of the MPD ( 79).

The dose delivered to the peripheral edge of the prostate with monotherapy seed implantation is dramatically higher than can be attempted with even 3D conformal 
external beam radiation therapy or HDR temporary brachytherapy. For a patient to receive the radiobiologic-equivalent dose of a 144-Gy 125I MPD implant, the patient 
would need to undergo approximately 120 Gy (12,000 cGy) of external beam therapy ( 87,88). That is just the dose to the outside edge of the prostate. A 144-Gy MDP 
125I implant often delivers greater than 20,000 cGy to the peripheral zone of the prostate. The 125I source strength used is usually 0.25 to 0.37 mCi per seed, although 
some prefer to use higher-strength sources of 0.4 to 0.6 mCi per seed ( 85,91). In general, peripheral loading philosophies use fewer seeds of higher activity placed 
more along the periphery of the prostate, whereas modified uniform loading enthusiasts use a higher number of low-strength seeds scattered more evenly throughout 
the prostate. The use of significantly different seed activities requires different source distribution patterns. These differences should be kept in mind when comparing 
the results from institutions that use these different seed activities and source loading patterns. The clinical results of one permanent seed implantation technique and 
loading philosophy may not be the same as a different technique or a different seed-spacing philosophy.

IMPLANT PROCEDURE

The implant procedure can be performed by a radiation oncologist alone or working with a urologist as a team. In most centers, the urologist and radiation oncologist 
work closely together as a team. The team approach is recommended by most experienced centers, as well as most training courses. The implant usually takes 
approximately 1 hour to perform. It is typically done under spinal anesthesia and as a clean procedure.

Operating Room Set-Up

Intraoperatively, most centers treat patients with intravenous broad-spectrum antibiotics. The equipment required in the OR includes the ultrasound machine with 
rectal probe, preferably with multiple MHz frequency options and transverse and sagittal imaging capability. Few centers perform seed implantation under CT 
guidance. Also needed are the stabilization apparatus (preferably with fine-tuning x-, y-, and z-axis control knobs), needle guidance template, stepper unit to hold the 
ultrasound probe to the stabilization apparatus, and needles (or Mick apparatus) to place the seeds. Periodically, the apparatus consisting of the stepper, template, 
and ultrasound system needs to undergo needle-path verification calibrations.

The implant is performed with the patient in dorsal lithotomy position. It is important that the patient be centered symmetrically on the table. The femurs should be 
perpendicular to the floor. A standard povidone-iodine, 7.5% (Betadine) perineal prep is done, then a KY Jelly infusion aerated urethrogram is performed. The aerated 
KY Jelly urethral infusion allows visualization of the urethra without distortion of the prostate gland ( 92). Some centers use a Foley catheter to visualize the urethra. 
However, a Foley catheter can obstruct visualization of the prostate anterior to the urethra, and it does not allow for visualization of the sulci on either side of the 
verumontanum, and the balloon can compress the base of the prostate.

After this, the stabilization apparatus, stepper, needle guide spacing template, and ultrasound equipment are set up. The stabilization apparatus anchors the stepping 
unit to the OR table. The ultrasound probe fits into the stepping unit, and the template is positioned close to the perineum ( Fig. 23-4). The physician then centers and 
aligns the ultrasound probe in the patient's rectum, such that the ultrasound images obtained correlate well with those obtained at the TRUS volume study. The base 
plane (prostate-bladder interface plane) is established as the 0.0 plane. The other planes are described in relation to the base plane (0.5, 1.0, 1.5, and others from 
the base plane). The gland is scanned from base to apex to ensure that the probe is properly aligned. The aerated KY Jelly urethral infusion can aid in this regard as 
well. It is critical that the radiation oncologist double checks the pretreatment plan and the seed strength and isotope that have been brought into the OR to make sure 
that they match with that particular patient. If multiple cases are done in a single day, then the OR staff might accidentally bring the wrong patient's seeds into the OR.



FIGURE 23-4. Photograph showing prostate brachytherapy procedure in process.

The physician then begins needle insertion to deposit the radioactive 125I or 103Pd seeds. Some centers use the Mick apparatus to guide seed placement; others prefer 
preloaded disposable needles ( 18,86,93). Some prefer to use loose seeds; others prefer seeds within an absorbable Vicryl suture. It typically takes 30 to 60 minutes 
to deposit the seeds in accordance with the pretreatment plan (whether the plan was done weeks before the implant or in the OR just minutes before). Many have 
published their own implant techniques ( 32,45,71,84,94).

Regardless of the particular technical variation used, certain aspects of the transperineal ultrasound-guided permanent implant are universal. During the implant 
procedure, both physicians need to constantly review prostate and ultrasound probe alignment. Prostate movement can be dramatic as one inserts and withdraws 
each needle. This is why it is critically important to visualize the prostate while performing the implant procedure. Prostate movement during implantation may help 
explain the relatively poor results achieved in patients with pretreatment PSA of 10 or greater that underwent CT-planned (but not CT- or ultrasound-guided) 
monotherapy (41,85). The prostate will distort with each needle insertion. As the needle is inserted, the prostate moves (tents) in a cephalad direction. If the first seed 
is deposited without correcting this tenting distortion of the prostate, then the seed will be pushed away from its planned position and end up nearer the prostate apex 
than planned. During the procedure, some bleeding will occur in the perineum; this, combined with swelling of the prostate itself during the procedure, will cause the 
base of the gland to move away from the perineum in a cephalad direction. The combined effects of prostate tenting and cephalad movement explain why so many 
brachytherapists fail to achieve adequate dose coverage of the base of the prostate during their initial cases ( 46,95,96). The most common technique used to 
overcome this problem is to constantly monitor the base position and readjust the base position throughout the case. The base moves in a cephalad direction an 
average of 1.2 cm per case (64). Overinsert each needle 1 to 2 cm, then slightly overretract, then reinsert each needle until the tip is just barely visible in the 
ultrasound plan it is planned for. Verify that the base has not moved. Be sure that the needle is not under tension (it does not move in or out when you release your 
grip on it). All of the above aid in proper positioning of each needle and seed. The prostate also deviates laterally with each needle insertion, especially with the more 
peripheral needles. To overcome this, target the peripheral-most needles 1 to 2 mm medial of their planned target coordinate. Stabilization needles can help to reduce 
prostate motion but will not completely eliminate it. Needle depth confirmation can be accomplished by measuring the distance from the needle hub to the template 
and verifying that the distance is consistent for each needle tip (or seed) placed at that particular transverse image plane. Sagittal view imaging is also helpful in this 
regard, especially for needles delivering seeds to the base plane.

Pubic Arch Interference

Occasionally, pubic arch interference will be encountered during the procedure despite meticulous preplanning, which includes pubic arch CT scan evaluation. If this 
occurs, it is in the anterior and lateral needle grid coordinates. This interference can usually be overcome by placing the needle into the coordinate in the template 
that is 0.5 cm posterior and 0.5 mm medial of the planned template coordinate. Then, the needle can be angled up and out into the proper preplanned coordinate 
within the prostate with the aid of the needle bevel angle. If that is not enough, then gentle pressure with the physician's finger on the needle between the template 
and the perineum can guide the needle into the proper position within the prostate. If there is still too much pubic arch interference, put the needle(s) back into the 
needle holding box and come back to the coordinate(s) at the end of the implant. After placing the seeds that are designated for coordinates that are not obstructed by 
the pubic arch, change the position of the ultrasound probe so it angles up instead of down. This will usually enable the needle(s) previously obstructed by the pubic 
arch to get under the pubic arch and into a position very close to its original preplanned position.

Postoperative Procedures

Exposure measurements are taken in the OR or recovery room. These readings in radiation exposure measurements are taken at the patient's surface and at 1 m 
from the patient. Standard radiation safety procedures are followed with room surveys and Foley bag and catheter and bedding radiation surveys. Many centers 
recommend placing an ice pack on the patient's perineum while the patient is in the recovery room. The Foley catheter is usually removed when the anesthesia wears 
off. Postoperative discharge medications typically include an alpha blocker, doxazosin mesylate or tamsulosin hydrochloride (Cardura or Flomax, respectively); 
acetaminophen with codeine; and an oral antibiotic (trimethoprim-sulfa or ciprofloxacin, 250 mg twice a day). Few centers routinely prescribe a methylprednisolone 
(Medrol) dose pack.

The radiation oncologist reminds the patient not to have close contact with children younger than 18 years and pregnant women. These restrictions are 1 month for 
103Pd implants and 2 months for 125I implants. In general, the previously mentioned guidelines exceed nuclear regulatory commission guidelines.

POSTOPERATIVE DOSIMETRIC EVALUATION

In the past, orthogonal anteroposterior and lateral x-rays were used to develop isodose curves for postoperative dosimetric purposes. Unfortunately, isodose curves 
based on orthogonal films do not always correlate with the dose the prostate received, because the prostate is not visualized on plain x-rays. Thus, orthogonal film 
has been for the most part replaced by CT-based dosimetry ( Fig. 23-5).

FIGURE 23-5. Illustration showing postimplant computed tomography dosimetry results.

However, CT dosimetry is not without problems. The CT scan has difficulty in delineating the prostate capsule from the periprostatic vasculature. CT scans are not 
good at identifying the apex of the gland. Image degradation occurs owing to artifacts created by the metallic seeds themselves. This results in CT scans' 
overestimating the size of the prostate compared to MRI, TRUS, and intraoperative measurements ( 97,98,99 and 100). This makes it difficult to outline the appropriate 
prostate area on transverse CT images that are used to develop postimplant dosimetric isodose curves and dose-volume histograms. Furthermore, considerable 
postimplantation swelling occurs with the procedure. Prestige et al. demonstrated that the CT prostate volume was 41% larger than the preoperative TRUS-planning 
prostate volume. The prostate volume was found to progressively decrease as CT scans were taken further out from the date of implantation. Thus, even if one 



reproducibly and accurately outlines the prostate contours on CT scan, significant differences in perceived implant quality occur depending on how many days 
postoperatively the CT scan is done ( 101,102). Waiting 3 to 4 weeks before performing the postimplant CT scan allows most of the swelling to resolve. It is important 
to keep in mind on which postoperative day the CT scan was done when comparing the dosimetric results of one institution with another. Because of prostate 
swelling, postimplantation dosimetry derived from CT scans performed on day 1 postimplantation will result in lower volume of prostates receiving 100% of 
prescription dose (V100s), D90s, et cetera, than those run from CT scans performed 3 to 4 weeks postimplantation. Some recent reports indicate that 4 weeks 
postimplantation may be the best time for posttreatment CT dosimetry scanning (102,103).

Some centers use the preoperative TRUS study to aid in outlining the prostate contours on the postoperative CT scan, and others use a free-hand approach ( 90).

Most studies to date have claimed to have achieved superior dosimetric results with modern brachytherapy techniques but have evaluated implants qualitatively (not 
quantitatively with CT dosimetry) (18,30,32,36,38,39,45,94,104). A few reports have been published that quantify the implant quality ( 41,80,81).

Moreover, at least one paper has correlated an improvement in PSA progression-free survival with improved postimplant dosimetry. Stock and Stone have shown that 
the patients whom they treated who achieved a D90 of 140 Gy or greater with 125I had superior PSA progression-free survival rates than those who achieved a D90 of 
less than 140 Gy (81). This is consistent with the historical results reported by MSKCC with the open retropubic technique, although follow-up on the patients with 
postimplantation D90s greater than 140 Gy was significantly shorter than on those with D90s less than 140 Gy. If the initial implant achieves a D90 or V100 
significantly less than planned, then the patient may be a candidate for further therapy, such as external beam irradiation or a second brachytherapy procedure.

At this time, the ABS is recommending postimplantation CT-based dosimetry on patients receiving permanent seed implantation ( 46). It is important that this be done 
consistently to document the dose the patient actually received. It also provides feedback to the brachytherapist on the quality of the implants being performed and 
which regions of the gland are consistently being under- or overdosed. By evaluating implant quality case by case, improvements can be made by altering technique 
in subsequent implants. The learning curve for this procedure is significant. Postimplant CT dosimetry is the key measuring stick by which the brachytherapy team can 
be evaluated (46,76,80). The ABS also recommends that implant quality be reported when brachytherapy results are published. The postoperative evaluation should 
include the D90, V100, and V150. Without quantitative uniform measurements of implant quality, it will be difficult to compare the quality of the implants from one 
center to the next. If implant quality cannot be compared, then it will not be possible to know if poor clinical outcomes reported at a particular institution are due to 
brachytherapy (as a treatment option) itself or poor-quality implants at a specific center.

MORBIDITY OF MODERN PROSTATE BRACHYTHERAPY

Intraoperative Morbidity

Intraoperative morbidity has been negligible for modern permanent transperineal ultrasound-guided prostate brachytherapy. Virtually no significant intraoperative 
complications have been published ( 28,105). The Seattle team has implanted more than 5,000 patients and has noted no postoperative or intraoperative deaths and 
no septic complications or other serious perioperative complications.

Early Postoperative Side Effects

The majority of patients can be expected to experience an increase in irritative and obstructive urinary symptoms. These are typically Radiation Therapy Oncology 
Group (RTOG) grades 1 to 2 urinary symptoms, such as increased frequency, urgency, nocturia, and variable degrees of bladder outlet obstruction ( 42,47,106). The 
symptoms are most noted during the first 2 to 6 weeks' status postimplantation, but they can often be bothersome for 2 to 6 months.

These symptoms are probably due to the continual emission of radiation during this time frame. Virtually all patients undergoing seed implantation are placed on 
alpha blockers, such as doxazosin mesylate or tamsulosin hydrochloride. These symptoms usually have only a minor impact on lifestyle. However, some patients 
have significant acute urinary retentive effects and temporarily require catheterization. When a catheter is needed, it is usually for a few days or a few weeks; this 
occurs in approximately 5% to 7% of patients (32,34,42,71,72,75). The incidence of prolonged catheterization (a few months) is approximately 2% to 3% ( 107). If the 
patient needs a catheter for longer than just a few weeks, he will usually undergo placement of a suprapubic catheter or be taught self-catheterization. In the very few 
who fail to have their retentive symptoms resolve, surgical intervention, such as a transurethral incision of the prostate or TURP, can be considered. It must be 
emphasized that surgical intervention should not be performed until the patient is at least 6 months, and preferably more than 9 months, postimplantation. The 
published literature indicates an increased incidence of incontinence in patients who undergo TURP before or after permanent seed implantation ( 18,75). The patient 
who presents with benign prostatic hypertrophy and a high urinary obstructive score is at highest risk for developing retention ( 47).

Occasionally, patients will develop proctitis symptoms expressed as increased bowel frequency or urgency, or both. Temporary hematuria and hematospermia are 
expected, as well as tenderness and bruising in the perineum. Approximately 50% of patients will experience some degree of pain or discomfort at time of orgasm 
during the first several months after seed implantation. Sexual intercourse may resume shortly after seed implantation. Only 3 of 5,000 patients treated by the Seattle 
team have reported ejaculation of a seed (P. G. Grimm, personal communication, 1999). A bloody ejaculation is expected the first few times. Seed implantation cannot 
be counted on as birth control. The prostatic fluid component of the ejaculate will decrease dramatically, but sperm in the ejaculate can remain viable. Whether the 
sperm has been damaged by radiation exposure or by changes in the composition of the ejaculate is not documented.

Long-Term Side Effects

The incidence of long-term side effects is what most patients are concerned about. Many patients chose permanent seed implantation, not only because the tumor 
control rates appear equivalent to other treatment options, but also because the risk of permanent side effects appears to be relatively low ( Table 23-2). There are no 
RTOG grade 5 complications, only 1% grade 4 and 7% grade 3 permanent urinary effects with modern permanent seed implantation ( 18,42,44,69,72,85,105,108,109).

TABLE 23-2. TRANSPERINEAL PERMANENT INTERSTITIAL BRACHYTHERAPY: COMPLICATIONS

Late urinary complications are usually manifested as chronic radiation cystitis, incontinence, or urethral stricture. The bladder neck and the urethra are located in the 
central high-dose region of the implant and are subject to substantial doses of radiation. Depending on the size of the prostate, the philosophy of seed distribution, 
and the presence of risk factors, such as a previous TURP, urinary complications have been variable. In patients with a modest-size prostate and no history of a 
TURP, the incidence of urinary incontinence and chronic cystitis is less than 3% ( 18,105). In the Seattle series (modified uniform loading technique), the presence of a 
TURP posed a risk of incontinence of 17% with short follow-up and 32% with 6 years' actuarial follow-up. In patients without a TURP history, the Seattle group found 
only a 0.4% risk of permanent incontinence (stress or gravity incontinence) ( 47). The MSKCC series found TURP patients to be only at a slightly higher risk (6%) for 
incontinence than non-TURP patients (42,72). Whether this lower incidence was due to the use of the peripheral loading technique or because of shorter follow-up (or 
a combination of the two) is subject to debate. In the Seattle series, urinary complications for seed implantation alone are similar to combined external beam radiation 
therapy (45 Gy) with a seed boost (110 Gy 125I or 90 Gy 103Pd). From a urinary toxicity view point, the ideal patient for permanent interstitial seed implantation 



monotherapy is a patient with an intact prostate, only mild to moderate obstructive symptoms, and a gland with a volume of less than 50 to 60 cc.

Rectal complications are noted in 2% to 12% of patients. These are usually self-limited RTOG grades 1 to 2 symptoms in series that adhere to standard dose 
prescriptions (34,42,69,72,73,75,85). Rectal fistula is quite rare at institutions that use modified uniform seed spacing ( 18,105). In those patients who undergo external 
beam radiation with a permanent seed boost, the rectal complication incidence appears to be higher if the external beam portion of therapy is given first. In the initial 
Danish experience, a 42% incidence of severe rectal complications was reported. In this series, the patients received a 160-Gy (pre–TG-43) 125I implant followed 
immediately by 47.4-Gy external beam at a high dose per fraction ( 110); Critz et al. were much more conservative. They delivered only 80 Gy with an 125I implant 
followed by external beam at 1.5 Gy per fraction to 45 Gy. He reported a 15% incidence of proctitis, despite using relatively low doses at a low dose per fraction ( 111).

Although the incidence of incontinence and proctitis is low, these toxicities help to fuel the debate over modified uniform versus peripheral source spacing 
philosophies. As previously mentioned, the modified uniform spacing philosophy delivers higher doses to the center of the target (urethra) than are expected with the 
peripheral loading technique. This could be expected to lead to a higher risk of late urethral damage and incontinence ( 112). The peripheral loading philosophy 
requires distributing higher-activity seeds just inside the periphery of the prostate (close to the rectum). This would be expected to deliver higher doses to the rectum 
and, thus, a higher incidence of proctitis. The results reported to date do not prove or disprove these points ( Table 23-2). The incidence of proctitis was 1% to 2% in 
the Seattle- and Beyer-modified uniform loading series in patients treated with 125I monotherapy. The two series that used peripheral loading (Stock and Wallner) 
reported a 2% to 12% rate of proctitis (31,47,71,80,84). The rate of incontinence was 1% to 6% in the modified uniform loading series and 0% in the peripheral loading 
series. On the surface, this seems to substantiate the theoretic advantages and disadvantages of the two different loading philosophies. However, the risk of 
incontinence in the modified uniform loading series reported by Beyer, Kaye, and Seattle was only 0% to 1% in patients without a TURP before or after implantation. 
Moreover, the median follow-up was an average of 35.5 months in the Seattle and Beyer series, but only 18.5 months in the Wallner and Stock series 
(31,47,71,73,80,84). Longer follow-up is needed in the peripheral loading series to prove a lower incidence of incontinence in the TURP patients treated with this 
technique.

The patient with an intact urethra can tolerate very high central doses, whereas a patient with a history of urethral surgery is more sensitive to permanent radioactive 
seed implantation doses. At this time, it is unclear what the long-term risk of incontinence is in the patient with a history of prior urethral surgery. Thus, for the time 
being, it is reasonable to avoid permanent seed implantation in these patients or use a more peripheral loading approach and explain to the patient that this issue is 
unresolved.

Impotency data are not yet widely available for brachytherapy. Potency status after definitive prostate cancer treatment is confounded by the fact that different 
treatment series define potency differently, and patients have different potency rates (related to age and general medical condition) before undergoing treatment. 
Impotency can also occur later than other complications; thus, series with short follow-up and younger-aged patients would be expected to report superior potency 
rates.

Preliminary data on a group of 38 patients reported by Wallner et al. suggest that potency can be maintained in 81% of patients at 3 years ( 85). In the Seattle series, 
69% of patients who received combined external beam radiation and seed implantation maintained potency ( 90). The Seattle group reported a 20% to 30% risk of 
complete impotency in patients treated with monotherapy and combination therapy, respectively ( 64,69) (Table 23-2). Approximately 30% to 40% noted a partial loss 
of erection ability. Kaye reported a 75% potency rate in 44 patients at 1 year ( 73). Potency data presented in Table 23-2 are not stratified by patient age or preexisting 
medical conditions. A permanent decrease in the volume of ejaculate is expected after implantation.

RESULTS

Despite the growing level and quality of research on prostate cancer, there is no agreement as to the clinical end points to be used in evaluating the efficacy of the 
various treatment modalities currently available. In addition, comparisons between surgery and radiation therapy series have been hampered by inadequate staging 
systems, lack of randomized trials, and the long, natural history of the disease itself. Many surgical series, for example, report results based on pathologic 
postoperative staging (113). Under these circumstances, meaningful comparison between surgical and radiation series is nearly impossible, even for similarly staged 
patients, because, in the radiation series, there is not the opportunity to remove patients with positive LNs or extraprostatic disease. Another difficulty is that patients 
in the radiation series often have higher pretreatment PSA levels than do patients in the surgical series ( 9,114). In the radiation series, there is still debate as to how 
biochemical PSA disease-free survival should be defined. What is clear is that it will take improvements in study design, patient groupings, and standards of 
evaluation for there to be greater confidence in judging the therapeutic impact of individual treatment modalities with one another. Regardless of the method of 
treatment, it is important for clinicians to recognize that failures will continue to occur at 10 years and beyond ( 10,115).

Pretreatment Prognostic Factors

Stage has historically been reported as the most important pretreatment prognostic factor for predicting outcome of treatment. However, directly comparing surgery 
and radiation outcomes on the basis of stage alone is extremely naïve. Patients in the radiation series usually have higher PSAs and grades ( 9). Comparing radiation 
series to pathologically staged surgical series is pointless.

Gleason score is clearly another important prognostic factor to take into account when comparing results of various treatment modalities ( 11,116,117 and 118). 
Zietman et al. demonstrated on a recent analysis that a high PSA (greater than 15) or high grade predicted for a high probability of failure after external beam 
radiation (9).

PSA has also been demonstrated to be an important independent pretreatment prognostic factor ( 11,12,118,119). Comparison of pre–PSA era cases and post–PSA 
era cases in the study by Zagars et al. demonstrated that pretreatment PSA is a useful prognosticator for local control with external beam radiation therapy ( 12).

Stage and grade, although perhaps only weak prognosticators of local control, are major determinants of metastatic disease ( 11). Because stage, grade, and PSA 
influence the risk of extraprostatic disease and treatment outcome, stratification of patients by stage, grade, and PSA will be important to evaluate various treatment 
modalities adequately. Comparison of treatment results is further complicated by other prognostic factors. Perineural invasion has been shown to increase the risk of 
extracapsular extension (52). This is especially true for tumors located at the base near the neurovascular bundle ( 54,58,120). The risk of ECP is increased in patients 
with four or more positive biopsies (65,66). The risk of ECP may be decreased when the tumor is found to be located in the transitional zone ( 56,121). Expression of 
specific genes, such as bcl-2 and p53, may predict for increased risk of external beam radiation failure ( 122).

Thus, it is difficult to adequately compare treatment results from different centers and between different modalities in the absence of randomized trials. In the 
meantime, whether treatment is with external beam radiation, radioactive seed implantation, or surgery, it seems prudent to report pretreatment clinical stage, PSA, 
and Gleason score when evaluating and publishing treatment results in prostate cancer. It would be helpful to stratify results by grouping patients by risk groups. 
Some centers, such as the Seattle Prostate Institute, and some individuals, such as D'Amico, are presenting PSA outcomes stratified by patient risk groups ( 64,74). 
Low or favorable risk groups are patients with pretreatment PSA less than 10 ng per mL, Gleason sum scores 2 to 6, and stage cT1-cT2. High-risk or unfavorable 
patients in general have two of the three prognostic factors not favorable or a PSA greater than 20 ng per mL. Intermediate-risk patients have one prognostic factor 
not favorable (e.g., PSA 10 to 20, or Gleason score of 7 or greater, or stage cT3 or greater) ( 64,74). As can be seen in Figure 23-6, in the Seattle experience, 
intermediate-risk patients appear to have done well with monotherapy treatment.



FIGURE 23-6. Iodine 125/palladium 103 monotherapy prostate-specific antigen progression-free survival by risk group. (From Grim P. Clinical results of prostate 
brachytherapy. Radiological Society of North America Annual Meeting. Chicago, 1998, with permission.)

Treatment End Point: Local Control

Local control historically was based on the DRE. A suspicious or progressing palpable abnormality on follow-up serial DRE was considered a local failure. However, 
because DRE evidence of local failure can take a decade or more to manifest, more sensitive outcome parameters—that is, biopsy, absolute PSA, and, more recently, 
PSA-free progression—are now used to evaluate local control ( 9,11,18,23,26,119,123,124).

The significance of biopsy data after external beam radiation or brachytherapy is controversial. The incidence of residual cancer (positive biopsy) after external beam 
radiation therapy has been reported to range from 25% to 90% ( 123,125,126 and 127). After external beam radiation alone, clinical progression after a positive biopsy 
has been reported to be 14% to 80% (127,128). In contrast, for external beam radiation followed by 125I seed implantation, Abadir et al. found no prognostic 
significance for positive biopsy posttreatment ( 129). This wide range of positive biopsies after external beam radiation and their prognostic significance suggest an 
inherent problem in pathologic interpretation. This may have been further complicated by patient selection for biopsy and timing of biopsies ( 130). As radiation can 
distort the architecture of normal cells, interpretation of postradiation biopsies can be difficult. Often, nonreproductive and nonviable cells can be confused with 
persistent carcinoma. In addition, malignant cell mortally wounded by radiation and destined for reproductive death may appear undamaged for many months. Thus, 
positive biopsies can convert to negative even beyond 2 years posttherapy ( 131,132).

Some pathologists recognize the difficulty in interpretation and have established a separate, “indeterminate” category ( 131). However, many series do not recognize 
this indeterminate group or, if so, it is placed in the positive category ( 127,133 and 134). The prognostic significance of this indeterminate group is not fully 
established; however, the Seattle group demonstrated that 85% of the indeterminate biopsies in seed implant patients convert to negative with further follow-up 
biopsies (131). The lack of consensus in pathology interpretation and the arbitrary placement of the indeterminate biopsies into the positive category make 
comparisons of treatment outcome by biopsy criteria difficult. This is demonstrated in Table 23-3.

TABLE 23-3. CONVENTIONAL EXTERNAL BEAM RADIATION THERAPY VERSUS BRACHYTHERAPY: BIOPSY RESULTS BY STAGE

The largest prospective external beam radiation–posttreatment biopsy series is 100 patients with cT1-cT3 disease treated in Ottawa. In this study, 38% of the patients 
received androgen ablation, whereas none of the patients in the Seattle brachytherapy series did. The Seattle series defined indeterminate and positive categories 
separately, whereas the Ottawa series did not. Of the 201 patients in the Seattle brachytherapy series who agreed to posttreatment biopsy, six (3%) were positive, 
and 34 (17%) were called indeterminate. Not all patients in the Seattle series agreed to posttreatment biopsies. However, the patients with higher pretreatment stage 
and posttreatment PSA were biopsied more than the lower-risk patients. If the positive and indeterminate biopsies in the Seattle series are lumped together (as they 
are in the Ottawa series), the biopsy positive rates are relatively comparable stage for stage to the Ottawa series. Otherwise, the Seattle series' lower rate of true 
positive biopsies would appear superior.

What is the significance of a positive biopsy after brachytherapy or external beam radiation? Using a strict definition for positive biopsy, five of six (83%) patients with 
a positive biopsy in the Seattle series have clinically evident local or distant failure. In the Ottawa series, in which the indeterminate group was included as positive, 
only 8 of 26 (26%) have evidence of biochemical or clinical failure. The interpretation of and distinction between indeterminate and positive biopsies may therefore be 
very important. In the Seattle series, 33 patients had an initial biopsy interpreted as indeterminate. In this group, 28 of 33 (85%) subsequently converted to negative 
on later biopsies (135). Moreover, the median PSA levels in the patients with negative biopsies and in the patients with indeterminate biopsies were both less than 1 
ng per mL, whereas in the positive biopsy cohort, the median PSA was greater than 6.9 ng per mL. The Seattle and Ottawa studies suggest that the indeterminate 
group is more likely to convert to negative or behave clinically similarly to the negative biopsy group, or both. Inclusion of this indeterminate group in the positive 
posttreatment biopsy group will overestimate the ultimate clinical failure rate ( 131,132,135).

As a treatment end point, biopsy data have significant limitations. For individual patient care, however, proliferative nuclear cell antigen staining of the biopsy 
specimens does hold some promise in helping to segregate the truly positive biopsies from the rest ( 134,136,137). Before making a clinical decision, a positive biopsy 
specimen after seed implantation should be reviewed by a pathologist experienced in reading postradiation biopsies.

Prostate-Specific Antigen Biochemical Control

Most recent radical prostatectomy and radiation therapy series support posttreatment PSA biochemical failure as the earliest and most sensitive determinate of control 
and the most significant predictor of clinical failure ( 114,118,119,130,138). After surgery, an absolute PSA value should approach 0; however, most surgical series use 
cut-off points of 0.3 to 0.6 ng per mL (10,124,130,139). Some radiation therapy series have used an absolute PSA level as well. These have arbitrarily defined control 
as PSA less than 4.0, 1.5, 1.0, or 0.5 ng per mL (18,31,101,118,140). One limitation of using an absolute PSA level in radiation series is that in some patients, it takes 
a long time for the PSA to nadir posttreatment. These patients are censored as failure by absolute PSA criteria, even when their PSA levels are continuing to fall, if 
they are evaluated when their PSA is still above the absolute PSA value chosen for that particular study or comparison. This would overestimate the failure rate.

A PSA nadir less than 1 ng per mL after external beam radiation is an important predictor of control ( 11,18,31,101,118,140). A low PSA nadir of less than 0.5 ng per 
mL has been associated with improved disease-free survival after permanent radioactive seed implantation ( 141,142). However, absolute PSA values above 0.5, 1.0, 
and 4.0 have been associated with a disease-free clinical state as well ( 141,142 and 143). The usefulness of choosing an absolute PSA level in selecting and 
evaluating the ultimate effectiveness of various treatment options or techniques is unresolved.

PSA progression-free survival has recently become a more popular method of evaluating outcomes after radiation therapy (external beam or seed implantation, or 
both). The American Society of Therapeutic Radiation Oncology consensus conference in 1996 defined biochemical control of prostate cancer after radiation therapy 
as a nonrising PSA or PSA progression-free survival. A patient with three consecutive PSA rises in follow-up is considered to have failed biochemically. The date of 
that failure is halfway between the PSA nadir and the first PSA rise ( 114,144). Although this appears to be a sensible definition, it may underestimate failure rates in 
those series with relatively short follow-up, as the patients may not have been followed long enough to experience the third PSA rise.

Modern Permanent Seed Implantation Results

Modern ultrasound-guided transperineal permanent seed prostate brachytherapy is still relatively new, and, therefore, with the exception of Seattle, most of the 
available series report short follow-up ( 18,31,34,73) (Table 23-4). The Seattle results have been presented as absolute PSA levels and as PSA progression-free 



survival using the American Society of Therapeutic Radiation Oncology consensus conference definition ( 64).

TABLE 23-4. BRACHYTHERAPY: EARLY PROSTATE-SPECIFIC ANTIGEN (PSA) RESULTS

There are a limited number of surgery and brachytherapy series evaluating absolute PSA results ( 10,18,47,73,124,139). Figure 23-7 shows a comparison of two 
recent, large, retrospective surgical series of consecutively treated patients at Washington University, St. Louis, and The Johns Hopkins University to the Seattle 
brachytherapy series of consecutively treated patients ( 125,139,145). Using absolute PSA criteria of less than 0.5 ng per mL for surgery and less than 1 ng per mL for 
permanent seed implantation, the results of brachytherapy are at least as good as surgery at 10 years. Although it is impossible to control for all prognostic factors 
when comparing the results of retrospective reviews, the generally accepted three most important prognostic factors are listed by series here. The brachytherapy 
series does not appear to contain patients with more favorable prognostic factors than the surgical series.

FIGURE 23-7. Surgery versus seeds: biochemical relapse-free survival cT1-T2. FU, follow-up; GS, Gleason score; JHU, The Johns Hopkins University; WU, 
Washington University.

A comparison of the major treatment modalities on a basis of PSA progression-free survival at 5 years is noted and shown in Table 23-5. It appears that PSA 
progression-free survival rates in the brachytherapy series are on a par with the external beam radiotherapy and surgical results across all pretreatment PSA risk 
cohorts.

TABLE 23-5. INTERMEDIATE RISK PATIENTS: T1C-T2/GLEASON SCORE 2–6/IPROSTATE-SPECIFIC ANTIGEN (IPSA) 10–20: FIVE-YEAR PSA-BASED 
OUTCOMES

In the Seattle series, patients with pretreatment PSAs in the 10 to 20 ng per mL range faired well with seed implantation alone ( Fig. 23-8). This was not the case in the 
series reported by Beyer et al. or in the MSKCC series reported by Wallner et al. ( Table 23-5). Whether this difference is due to hidden selection bias or to technique 
of implantation is unclear. If due to cold spots within the implant volume, then one could envision that 45-Gy external beam radiation would “fill in” these underdosed 
areas. The use of external beam radiation for this purpose has been dubbed radiation spackle by Zietman (146). In low-risk patients, a few cold spots might not place 
the patient at significant risk of subsequent PSA relapse; thus, relatively good results may be seen in the low-risk patient with seed monotherapy in centers that 
perform excellent-quality implants and in those centers that do not. In the intermediate-risk patient, one would expect a higher volume or density of disease. In these 
patients, implant quality may be especially important. If this is true, it could explain the variable results reported in the intermediate-risk patients implanted at different 
institutions. These institutions have variable levels of experience and use different techniques. Patients treated with external beam radiation therapy and a seed 
implant boost did well in the Seattle series and in Dattoli's series ( 148).

FIGURE 23-8. Iodine 125/palladium 103 monotherapy prostate-specific antigen (PSA) progression-free survival by iPSA.



CONCLUSION

What is the role of brachytherapy in the treatment of prostate cancer? The goal is to deliver a highly conformal dose of radiation to the prostate while relatively 
sparing normal surrounding tissues. Compared to external beam radiation (standard, 3D conformal, or particle beam), modern transperineal permanent seed 
implantation is capable of delivering one and a half to two times the radiobiologically equivalent dose of radiation to the prostate. If one believes dose escalation is 
important to maximize the chance of tumor eradication, then it is apparent that no other radiation modality can compete with brachytherapy in this regard.

Prostate brachytherapy has a long history. The retropubic approach was inconsistent in its effectiveness, owing to limitations in experience, technology, and patient 
selection in that era. Improvements in patient selection and the development of PSA screening have allowed more men to become appropriate candidates for 
permanent seed implantation. Advances in technology, such as transrectal ultrasonography, CT scans, sophisticated computerized dosimetry, and the transperineal 
template-guided approach, have improved the consistency and quality of permanent seed implantation ( 13,35,46,47,48,49 and 50). As an outpatient, one-time 
nonsurgical therapy with minimal long-term morbidity (in non-TURP patients), permanent radioactive seed implantation is becoming a very attractive alternative to 
radical prostatectomy and daily external beam radiation therapy to a rapidly increasing percentage of men with early-stage prostate cancer 
(8,18,70,72,73,86,111,147,148,149,150 and 151).

Accurate comparisons of the efficacy of brachytherapy to surgery and external beam radiation require a randomized study. Comparisons of current retrospective 
studies are hindered by imbalances in stage, grade, initial PSA, extraprostatic disease, LN status, and other prognostic factors. Most of the long-term data for 
permanent seed implantation are the result of the work of the Seattle group using a modified uniform seed-spacing preplanned dosimetric philosophy and a 
transperineal ultrasound- and template-guided approach. These results will need to be repeated by other centers that manage patients with the same planning 
philosophy and implantation techniques (45). As planning philosophy and implantation techniques may vary from center to center, permanent implant results will also 
need to be evaluated for technique along with pretreatment prognostic factors.

Selection of patients for seed implantation alone versus combined external beam radiation and seed implant boost is difficult in the intermediate-risk cohort. The 
results of seed implantation alone in the low-risk patient cohort have been so favorable that it appears adding external beam will not significantly improve results ( Fig. 
23-6). However, in the intermediate-risk group (initial PSA 10 to 20 ng per mL or Gleason score 7 or greater), results have varied greatly from center to center with 
seed implantation alone (Table 23-5). Whether this is due to differences in treatment planning and technique, experience, or hidden selection biases remains to be 
seen. In the high-risk patient, with his substantial risk of ECP, it is difficult not to include an external beam component to the overall treatment plan. In fact, those 
patients with a pretreatment PSA greater than 20 ng per mL or greater than 15 ng per mL with a Gleason score of 7 or greater have a high risk of PSA progression 
and failure with any treatment modality (105). In these poor-prognosis patients, the combination of androgen ablation, external beam radiation (45 Gy), and seed 
implantation may improve the results of seed implantation or external beam irradiation, or both ( 12,91,152).

Using only PSA data to define risk of relapse is problematic, as it ignores the prognostic impact of Gleason score and stage. Reporting results based on risk cohorts 
that include PSA, Gleason score, and stage should help us to compare results between various institutions more accurately. Although there is some variation in the 
definitions of the intermediate- and high-risk cohorts, these are relatively minor. The results of seed implantation, radical prostatectomy, and high-dose 3D conformal 
radiation therapy have recently been reported by a few centers by risk cohort analysis ( Table 23-6).

TABLE 23-6. FIVE-YEAR BIOCHEMICAL PROSTATE-SPECIFIC ANTIGEN NO EVIDENCE OF DISEASE

Currently, the Prostate Brachytherapy Research Group is running a randomized trial to look at whether 6 months of total androgen ablation will improve on the results 
of 45-Gy external beam radiation with a 103Pd or 125I seed boost in the intermediate- and high-risk cohorts. To date, there is no reported good-quality brachytherapy 
series with adequate follow-up that demonstrates that adjuvant androgen ablation improves the results of seed implantation monotherapy. Most reports that have 
included androgen ablation thus far have had poor results in the seed implant–alone arm or have such short follow-up that the androgen ablation may be masking 
PSA failure in the combination arm (74,153,154).

As mentioned earlier, posttreatment prostate biopsy interpretation is difficult, as indeterminate biopsies may convert to negative at a later date, different pathologists 
have various levels of expertise in postimplant biopsy interpretation, and, at some centers, a “positive” posttreatment biopsy does not correlate well with clinical 
outcome. Most authors agree that PSA progression-free survival (rather than an absolute PSA level) is the most reasonable measurement of treatment effectiveness 
in patients who receive radiation therapy. Few studies to date have 5-year follow-up evaluated by PSA progression-free survival. However, the few studies available 
with 5-year follow-up suggest that brachytherapy may be superior to external beam radiation therapy and equal to surgery in the patients who present with a low PSA 
level. As the presenting PSA level rises, brachytherapy (with or without external beam) becomes an even more attractive option ( Table 23-7).

TABLE 23-7. PROSTATE-SPECIFIC ANTIGEN (PSA) OUTCOMES BY IPSA

For the patient, brachytherapy is an attractive alternative to surgery and external beam irradiation. In most cases, treatment can be delivered in a single outpatient 
visit, and patients return to normal activities within a few days. The risk of permanent incontinence is extremely low in the non-TURP patient. The potency 
preservation rate appears to be relatively good compared to other treatment options. For the radiation oncologist, permanent radioactive seed implantation allows the 
delivery of radiation doses to the prostate that far surpass conformal external beam radiotherapy, particle beam (proton and neutron) therapy, and HDR temporary 
brachytherapy. For the urologist, brachytherapy appears to produce tumor control equivalent to radical prostatectomy, yet is a 1-hour outpatient treatment and is 



suitable not only for patients who are radical prostatectomy candidates, but also for those patients unwilling to have or unsuitable for surgery.
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INTRODUCTION

When faced with a new diagnosis, the task of determining the ideal therapy with which to treat clinically localized prostate cancer (CaP) continues to be a challenging 
one for both physician and patient. Currently, the two most common therapies used in the United States to treat CaP remain radical prostatectomy and external beam 
radiotherapy, together accounting for nearly 80% of initial treatments administered to patients with CaP in the United States ( 1).

The purpose of this chapter is to summarize the current experience with newer focal therapy modalities that do not involve radiotherapy or surgery. These consist of 
cryoablation techniques and heat energy–based treatments [high intensity focused ultrasound (HIFU), radiofrequency interstitial tumor ablation (RITA), and thermal 
brachytherapy]. The current clinical experience with these approaches is examined, and any potential role in managing CaP is assessed for each in turn.

FOCAL ABLATION OF THE PROSTATE: IS IT EVEN POSSIBLE?

Focal ablation refers to treatment modalities that are designed to arrest the growth of or destroy all foci of CaP in a given gland in situ without the use of radiation or 
surgical extirpation. Unlike radiation (mitotic arrest) or androgen deprivation (apoptosis), the mechanism of cytotoxicity, by way of which cryo- and heat-based focal 
therapies work, is the creation of areas of coagulative necrosis in a designated target area. To be a legitimate therapeutic option for patients, any potential focal 
ablation modality needs to meet several essential criteria.

CaP poses a particular challenge to focal ablation in that it is difficult to reliably define the location or extent of local tumor burden in the prostate. For example, it has 
been shown that CaPs are usually multifocal, typically consisting of two to five tumors per gland ( 2). Unfortunately, there is still no radiographic modality that can 
identify, with satisfactory degrees of resolution, the intraprostatic tumor volume distribution to any degree of reliability. Thus, until such time that clinically significant 
foci (greater than 0.5 cm3) of CaP can be reliably identified preoperatively, the application of focal ablation modalities for treating patients with CaP must be directed 
toward treating the entire prostate gland as the ideal means of eradicating the disease.

Because all current focal ablation modalities rely on temperature changes to produce the desired treatment effect, the temperature thresholds necessary to produce a 
reliable correlation between treatment parameters and histopathology  (i.e., coagulative necrosis in the target area) need to be defined for any particular treatment 
modality. For human prostate tissue, these targets currently appear to be less than –40 o to –50oC for cryoablation and greater than 55 o to 60oC for heat-based ablation 
techniques. One of the best ways to demonstrate that necrosis is being generated in the targeted area is by using temperature monitoring in real time during a given 
focal ablation procedure. It is conceivable that models could be constructed to predict reliably the three-dimensional areas of coagulative necrosis that will be created 
in the prostate by a given set of treatment variables (wattage, time, duration of freeze, and others). Yet, such operator-independent models that are sufficiently reliable 
are lacking. At the moment, the only reliable means of real-time temperature monitoring during focal ablation requires the interstitial placement of multiple 
thermocouples in strategic locations in and around the targeted treatment area.

Because the use of focal ablation modalities in the prostate gland involves fairly narrow margins of error in destroying cancerous tissue, while avoiding damage to 
closely proximate structures, such as the bladder neck, rectum, and periurethral tissue, any successful modality must have a very sharp demarcation between 
treatment effect and normal tissue. Treatments that involve greater than 1- to 2-mm buffer zones of variable tissue changes around cores of coagulative necrosis are 
problematic, because these may amount to an inadequate degree of cell kill for any tumor cells in this area or an excessive amount of tissue damage to surrounding 
structures with resultant unnecessary morbidity.

It seems fairly evident that to have any potential role in treating patients with CaP, focal ablation modalities must be genuinely minimally invasive with lower morbidity 
rates than established treatments or shorter hospitalizations, or both. Based on current experience, it appears that these goals can be best achieved if a fair degree of 
control exists in directing the ablation energy source to avoid damage to the bladder neck, prostatic urethral musculature, rectum, voluntary sphincter complex, 
pudendal vasculature, and neurovascular bundles.

CRYOABLATION OF THE PROSTATE

The first report of cryoablation of the human prostate was in 1966, when Gonder and Soanes published the results of using a transurethral, single cryoprobe in 
ablating periurethral adenomatous tissue in patients with outlet obstructive symptoms ( 3). Over the next 15 years, transurethral and transperineal approaches for 
treating patients with various clinical stages of CaP were used with mixed results ( 4,5 and 6). Fundamentally, these procedures suffered from the inability to monitor 
the cryodestruction in real time, and, ultimately, cryoablation was generally abandoned owing to modest rates of local recurrence along with frequent morbidities ( 7).

With the development of transrectal ultrasonographic imaging, interest in percutaneous cryoablation of the prostate was renewed in the late 1980s. Three critical 
modifications to the older techniques were made. The first was the use of real-time transrectal ultrasonographic monitoring of the cryoprobe placement as well as the 
propagation of the advancing ice. The second was the development of 3-mm cryoprobes that could be placed transperineally into targeted areas of the prostate. Last, 
a urethral warming system was devised to maintain sufficient viability of the periurethral tissues to lower tissue sloughing rates relative to the older approaches ( Fig. 
24-1).



FIGURE 24-1. Graphic illustration of transperineal cryoablation of the prostate. Posttreatment urinary drainage can be either with a suprapubic tube, as here, or with 
urethral catheters.

Using these components and based on somewhat limited animal testing (8,9), the first clinical experience in humans with percutaneous cryoablation was published in 
1993, when Onik reported early results after treatment of 63 patients with localized CaP ( 10). Given that this was the first focal ablative therapy introduced for treating 
CaP and that it may have been marketed prematurely, it is fair to say that since that time, cryoablation has been a work in evolution. Perhaps not surprisingly, a 
number of technical variations have been proposed since the initial report, and the absence of a validated treatment protocol before marketing is probably the reason 
why the clinical results presented in more than 40 peer-reviewed reports since then have been somewhat mixed. These technical modifications are reviewed in the 
next section.

CRYOABLATION TECHNICAL VARIATIONS

Multiple Freeze-Thaw Cycles

It has been demonstrated that cellular destruction occurs during the freeze and the thaw (rapid freeze, slow thaw) portions of a cryoablation cycle ( 11). Two 
freeze-thaw cycles have been shown to produce more efficient cell kill when compared to single cycles in both human prostate monolayers in vitro (12), although this 
may not be as important as reaching –40oC in human prostate models in vivo (13). Furthermore, two freeze-thaw cycles during prostate cryoablation in humans have 
been associated with lower positive biopsy rates as well as improved prostate-specific antigen (PSA) results when compared to single freeze cycles without any 
apparent increase in developing cryo-related morbidities ( 14,15 and 16). Finally, in single-probe temperature mapping experiments performed on patients before 
radical prostatectomy, two consecutive 10-minute freeze cycles produced a larger area of coagulative necrosis than a single 20-minute freeze ( 16a). Thus, the 
available literature supports the use of a minimum of two freeze-thaw cycles, although whether there is any additional benefit to more than two cycles is not known.

Urethral Warming

The primary objective of the use of urethral warming catheter systems during cryoablation is to minimize urethral sloughing. The first urethral warming system was 
marketed as a nonsignificant risk device until approximately July 1994. Initial experiences with this system were notable for fairly low rates of urethral sloughing, 
ranging from 4% to 10% (10,18,19). Due, apparently, to concerns submitted to the U.S. Food and Drug Administration surrounding the safety of this particular device, 
it was taken off the market in mid 1994 for approximately 18 months while it underwent regulatory review. During this time period, numerous authors reported a sharp 
increase in post–cryo transurethral resection (TUR) rates and overall urethral sloughing rates due to varying operator experience as well as to the use of alternate 
warmers that did not have many of the features of the original one, which has since been made available ( 14,15 and 16,20,21). Currently, although the precise 
features of urethral warming, which ensure the most protective heat transfer during cryoablation, are still being evaluated, it is clear that the warming system as 
originally designed was effective in reducing slough-related morbidities. Currently, post-cryo sloughing rates lie between 3% and 9% ( 22,23), provided that the 
appropriate warming catheters are used and patients have not been radiated. With increased attention to corroborating better catheter design, it is entirely possible 
that these slough rates will decline further.

Thermocouple Monitoring

Early in the experience with performing cryoablation of the prostate, several authors in particular noted that real-time interpretation of the leading edge of the ice ball 
on sonographic imaging underestimated the actual extent of cellular destruction ( 15,24,25). In addition, a number of reports in the cryobiologic literature had 
documented in several human tissues fairly reliable coagulative necrosis when temperatures of –40 o to –50oC were achieved in the target areas (11). As a result, 
some programs began to place thermocouples at the margins of the targeted treatment zones (e.g., neurovascular bundles, apex) to ensure that these cytotoxic 
temperatures were achieved during freezing. Wong and Bahn were among the first to relate improved PSA rates and post-cryo biopsy results with thermocouple 
monitoring when compared to patients in whom this had not been used ( 15,26,27). Currently, it is evident that transrectal ultrasonography alone is inadequate for 
monitoring and planning a successful cryoablation. Although the precise number of thermocouples that constitute a satisfactory number of data points to ensure an 
adequate freeze is still being evaluated, a minimum of four to perhaps five thermocouple positions around the periphery of the prostate, as well as at the apex of the 
prostate, is recommended.

Probe Number and Probe Distribution

The device first used to perform percutaneous cryoablation in patients with CaP was manufactured with exit ports for five cryoprobes ( 28). Not surprisingly, the initial 
report on this procedure described a technique involving the placement of five cryoprobes radially around the urethra. To what degree this probe distribution 
effectively produced reliably confluent areas of coagulative necrosis around the urethra had not been confirmed in human prostate settings and was based to some 
extent on patterns of ice propagation using five cryoprobes in agar phantoms.

Recently, temperature mapping studies done in patients with localized CaP who agreed to undergo focal cryoablation of the prostate before undergoing a radical 
prostatectomy have begun to define the mechanics of freezing in human prostate tissue more clearly ( 17). These studies found that, for single probes engaged in two 
consecutive 10-minute freeze-thaw cycles, a radius of approximately 7 to 8 mm from the cryoprobe correlated consistently with a –40 o to –50oC isotherm. Subsequent 
histopathologic evaluation of the surgical specimens after 3-mm step sectioning indicated that this isotherm also consistently correlated with zones of complete 
coagulative necrosis. Temperatures ranging from –20 o to –40oC (i.e., 8- to 10-mm radii) correlated with a zone of histopathologic changes that was characterized by 
viable cells' exhibiting signs of cellular injury, the significance of which is difficult to discern from the preliminary studies. Follow-up temperature mapping studies in 
patients undergoing full-gland (i.e., six probes) cryoablation demonstrated that the effect of multiple probe placement produces a larger effective freezing zone than 
that predicted by simply adding single probe properties. The arcuate, peripheral placement of cryoprobes 1.2 to 1.4 cm apart consistently produced temperatures 
lower than –100oC at points 8 to 10 mm medial to the probe arc. Interestingly, temperatures measured at 7 to 8 mm peripheral to the arc rarely were lower than the 
targeted threshold of –50oC, presumably because no additive effect was being produced.

These preliminary data strongly indicate that for many patients (especially those with larger glands), the originally suggested five-probe distribution may have been 
inadequate to reliably produce an area of coagulative necrosis that was large enough to cover all viable tissue in the prostate. Moreover, these data begin to define 
critical elements of probe placement for individual glands. These features may include keeping probes within 7 to 8 mm of the capsule, placing probes no less than 
1.2 to 1.4 mm apart (i.e., 6- to 7-mm radii) around the gland, and using as many probes within these guidelines as the volume or shape of the prostate requires. 
Whether such a treatment design will produce reliable targeted ablation in all patients requires additional study, but it is interesting that Lee has demonstrated a clear 
clinical improvement in results with six versus five cryoprobes ( 50).

Thus, although there has been significant technical variation in published reports on cryoablation of the prostate, the essential elements of an effective treatment are 
starting to emerge (Fig. 24-2). Ideally, candidate prostate glands should be between 40 and 55 cc. The targeted temperatures are –40 o to –50oC at the periphery of 
the prostate with a minimum of six peripherally loaded cryoprobes. Urethral warming using approved devices has to be used to ensure a minimized TUR slough rate. 
A minimum of two freezes should be used, and the entire procedure should be done under real-time temperature monitoring to maximize the likelihood of achieving 



large areas of coagulative necrosis throughout the prostate.

FIGURE 24-2. Graphic illustration of current cryoablation technique. Filled circles represent standard 6-probe distribution; more can be added for selected glands. 
Open circles represent thermocouple positions for monitoring. Occasionally, a fifth is placed at the apical level. ANT, anterior (and just subcapsular); DENON, 
Denonvilliers' layer in the midline; R/LNVB, right and left neurovascular bundles (just extracapsular at levels of NVBs); UH, urethral heater.

CRYOABLATION CLINICAL RESULTS

Because the first reported results with contemporary cryoablation of the prostate were published in 1993, standard criteria for treatment efficacy, such as 10- to 
15-year cause-specific survival data, are lacking for this procedure. However, surrogate outcomes that are increasingly being used to assess treatment efficiency are 
available from many centers using this modality. The three primary surrogate outcomes in this regard are posttreatment PSA results, posttreatment biopsy results 
(occult local control), and posttreatment morbidities. These are briefly summarized below.

Prostate-Specific Antigen Results

The post-cryo PSA results that have appeared in the literature have been reported variably. Very few programs have follow-ups that are sufficient with an adequate 
number of patients treated to determine actuarial projections for 5-year biochemical-free survival at any PSA threshold definition. A number of early studies tend to 
document post-cryo PSA outcomes by reporting crude PSA rates at fixed postoperative time points; for example, post-cryo PSA values of less than 0.5 ng per mL 
ranged from 41% to 74% (14,18,30). Longer projections of PSA-based disease-free survivals from single institutions, postcryo, are few. Long reported an overall 
actuarial biochemical progression-free rate at 5 years of 56% ( 22). Cohen recently reported 5-year biochemical-free survivals of 42% for PSA less than 0.4 ng per mL 
and 58% for PSA less than 1 ng per mL among patients with Gleason grade 7 or higher CaP or PSA greater than 10 ng per mL who undergo cryoablation ( 31).

More recently, a retrospective multiinstitutional database designed to stratify patients and outcomes to minimize selection bias inherent in single institutional reporting 
was constructed. In this study, 975 patients were found among five institutions performing cryoablation over the course of five years. For these patients, the overall 
5-year actuarial biochemical-free survival postcryo was 51% and 63% for PSA less than 0.5 ng per mL and PSA less than 1 ng per mL, respectively ( 32). When 
patients were stratified by factors predicting higher risks of progression, the 5-year biochemical-free survival rates, not surprisingly, declined according to increasing 
risk (Table 24-1). A brief synopsis of contemporary radiotherapeutic techniques, including three-dimensional conformal modifications as well as interstitial 
brachytherapy results reported in the last three years, suggests that these results are fairly comparable to what has been reported by other institutions 
(37,38,39,40,41,42,43,44,45 and 46). This is despite the fact that these cryo data likely reflect a “least common denominator” effect among the institutions studied, 
because no attempt to segregate patients based on the actual technique used during the procedure for each patient in the database was made.

TABLE 24-1. FIVE-YEAR ACTUARIAL BIOCHEMICAL SUCCESS RATE POSTCRYO STRATIFIED BY RISK CATEGORY

Postcryoablation Biopsy Results

The value of posttreatment biopsy results continues to be a subject of some debate ( 33). What is clear is that with any type of ablative approach to the prostate, there 
still remains a sonographically evident residuum of tissue in which persistent or resistant foci of carcinoma have an opportunity to progress. Usually, radiographic 
evaluations such as transrectal ultrasound are not helpful in demonstrating the presence or absence of residual disease, although spectroscopically enhanced 
magnetic resonance imaging may have some value (34,35). In this context, the value of random biopsies after these treatments, particularly for patients who have a 
rising PSA, seems obvious.

Numerous authors have reported fairly low positive biopsy rates after cryoablation, ranging from 8% to 35%, with rates dependent on operator experience, patient 
selection factors, and duration of follow-up ( 14,15,18,22,26,29,30 and 31,36). Biopsies have been done at predetermined time points posttreatment or in response to 
unfavorable clinical developments, such as a rising PSA, and usually 6 to 12 core techniques have been cited. In the retrospective multiinstitutional study noted 
previously, the overall positive biopsy rate was only 18% ( Table 24-2). Among patients at low risk for progression, the positive biopsy rate was even lower at 10%. 
These results are very comparable, if not superior, to positive biopsy rates after external beam radiotherapy and brachytherapy ( 37,38,39,40,41 and 42). Thus, it would 
appear that these data suggest that, at least insofar as posttreatment biopsy sampling can indicate, cryoablation can produce fairly impressive degrees of local control 
with a very small risk of harboring occult persistent disease in the residuum.



TABLE 24-2. POSTCRYO POSITIVE BIOPSY RATES (OF PATIENTS BIOPSIED) STRATIFIED BY RISK CATEGORY

Postcryo Morbidities

As with cancer-related outcomes, morbidities postcryo are also variably reported ( Table 24-3). Prior radiation appears to be a significant risk factor for 
postcryoablation-related side effects, and this is discussed separately. The rates of rectourethral fistulae have been fairly low, ranging from 0% to 3% 
(14,15,18,19,20,21 and 22). Urethral drainage alone will resolve most of these fistulae, although colonic diversion and primary repair may be needed in rare instances. 
Reported rates of urethral sloughing in reports cited earlier range from 4% to 38%. As noted earlier, alternate urethral warming is clearly the chief risk factor among 
these studies for developing posttreatment sloughing. For patients with no prior therapies undergoing cryoablation with standard warming catheters, the slough rate 
can be as low as 4% to 8% (19,22). Typically, sloughing is best managed with a TUR of the prostate (TURP) limited only to the removal of obviously necrotic material, 
as extensive resections may decrease ultimate continence (15,26). Overall, the reported rates of incontinence in nonradiated patients after cryoablation range widely 
from 3% to 27% (14,15,18,19,20,21 and 22). Again, as with urethral sloughing, factors that contribute to incontinence postcryo include operator inexperience and 
inadequate urethral warming. In fact, it is probably accurate to note that in the absence of tissue sloughing or prior radiation treatment, pad-dependent incontinence 
postcryo occurs in fewer than 3% of cases (22,23,26).

TABLE 24-3. REPORTED MORBIDITY RATES AFTER CRYOABLATION OF THE PROSTATE

Currently, reported rates of potency after cryoablation are generally low, ranging from 0% to 20% ( 14,15,19,22,23). As with other therapies for managing CaP, it is 
difficult to provide objective determinations of erectile function postcryo, yet these low potency rates have been noted in physician-based as well as patient-based 
outcome assessment studies (23). The etiology of erectile dysfunction after cryoablation is poorly understood. One recent report suggests that it is likely due to 
vasculogenic rather than exclusively neurogenic changes after the procedure, although this needs further study to be corroborated ( 51). At the moment, there are few 
data documenting the effectiveness of different treatment strategies for postcryo erectile dysfunction, although anecdotal experience suggests that intracavernous 
injection can be effective for most patients in this setting.

Overall, the rates of developing lower urinary tract infections postcryo range from 4% to 9% ( 14,20,22,29). These are invariably easily managed with antibiotics. Other, 
rarer potential complications after cryo that have been reported include sepsis, venous thrombosis, ureteral obstruction, ureteral hydronephrosis, and chronic penile 
pain. In the aggregate, these more serious problems have typically occurred in fewer than 10% of cases and are noted to occur infrequently in institutions with many 
experiences performing this procedure.

Thus, based on the clinical evidence available from the literature presented earlier, cryoablation seems to be a potentially effective treatment option for patients with 
new diagnoses of CaP. Unfortunately, the technical features that comprise a reliably effective treatment for individual patients have been evolving since its 
reintroduction in 1992. This lack of a genuinely validated method of applying cryoablation technology to adequately treat CaP has probably been the main reason 
hindering a broader acceptance of this procedure, as unfavorable outcomes after cryo were noted after the initial experiences of a number of urologists with cryo 
(20,21,52). However, the currently recommended method is considerably different from that used during the initial marketing of this technique and is based on 
carefully controlled clinical studies in humans. It seems reasonable to conclude that using six or more cryoprobes, standard urethral warming, multiple freeze-thaw 
cycles, and thermocouple monitoring cryo will produce clinical outcomes that are comparable to those reported for other nonsurgical therapies, such as external beam 
radiation or brachytherapy.

SALVAGE CRYOABLATION RADIATION FAILURES

On its introduction in 1993, there was a fair degree of enthusiasm for cryoablation as a salvage option for patients who had failed radiotherapy. However, clinical 
outcomes from several programs examining this select patient group have been suboptimal. Using older prostate cryoablation techniques (e.g., less than six probes, 
no thermocouple monitoring, nonstandard urethra; warming catheters), the rates of attaining undetectable PSA nadirs postcryo in these patients range from 36% to 
38%, but the likelihood of maintaining an undetectable PSA 12 to 18 months posttreatment drops to between 11% and 28% ( 16,47,48). Postcryo positive biopsy 
results for these patients have been a bit more encouraging, ranging between 14% and 27%, with lower rates noted in patients receiving more than one freeze-thaw 
cycle (16). Yet in most of these studies, the biopsies were done fairly early (i.e., less than 1 year) after the treatment. Longer follow-ups demonstrating the rate of 
maintaining a negative biopsy status in this group are lacking. Regardless of the mixed cancer-related outcomes, the primary concern with using cryoablation in 
managing these difficult patients has to do with the attendant morbidities. Again, in reports using older cryoablation techniques, the side effect profile for patients 
undergoing cryoablation after radiotherapy clearly appears to be higher than that seen in patients without prior radiation ( Table 24-3). Incontinence rates range 
anywhere from 10% to 95% (16,21,22,47,48 and 49), with all but one study noting very high rates of poor urinary control. Rectourethral fistula rates ranged between 
0% and 17%, and tissue sloughing has been noted in between 15% and 52% of cases, with lower rates for approved urethral warmer use ( 49). More severe side 
effects, such as chronic and unrelenting pelvic pain ( 16,21,22) and osteitis pubis (53), may be specific to prior radiation patients, as these outcomes are much less 
common after cryoablation used as primary therapy.

However, one recent report using contemporary thermocouple-controlled technique with a modified urethral warning system noted a significantly lower morbidity 
profile than in these initial studies ( 53a). In this report, PSA nadirs of less than 0.1 were reached in 60% of patients, and the 12-month actuarial PSA-free survival of 
those patients with nadirs of less than 0.1 was 73%. Side effects in this study were significantly lower than those reported in prior prostate cryoablation studies 
mentioned earlier and included transient rectal pain in 26% of patients, urinary tract infection in 9%, incontinence in 9%, outlet obstruction in 5%, and urethral 
structure in 5%. A recent update of this series suggests that the incontinence rates may be even lower with less than 3% of current patients experiencing slough.

Given that nearly all of the initial studies did not employ the elements of technique used in this more recent trial, these data are very encouraging. In fact, based 
chiefly on the updated experience from this group using more recent elements of technique (i.e., thermocouple monitoring, seminal vesicle biopsies, approved urethral 
warming extended for 2 hours in the recovery room post cryoablation, six cryoprobes), the Health Care Financing Administration has recently reversed its previous 
position and approved coverage for the use of prostate cryoablation as salvage therapy for patients with Gleason grade less than 9, PSA less than 8, and tumor stage 
less than 2c post CaP radiation therapy (53b). These developments may reestablish a role for prostate cryoablation in treating these difficult management problems. 
Additional studies are needed to determine whether the use of contemporary technique in previously radiated patients can continue to produce fewer morbidities than 
initially found.

HIGH INTENSITY WITH FOCUSED ULTRASOUND

HIFU was first demonstrated to produce clinically significant areas of focal tissue ablation in 1955 in the central nervous system ( 54). A number of centers, chiefly 



located in Europe, since 1990 have been examining the potential feasibility of HIFU in treating various forms of prostate disease, including and in particular CaP.

HIFU treatment of human CaP consists of several features (55). First, a piezoelectric transducer placed transrectally emits a highly focused convergent ultrasound 
beam in pulses lasting 3 to 5 seconds. These pulses produce areas of ablation that are ellipsoid in shape and typically measure approximately 2 cm in height by 2 mm 
in diameter. Temperatures in the target area range between 85 o and 100oC, clearly high enough to produce discrete areas of coagulative necrosis. The transducer is 
then moved sequentially (usually under computer-assisted control) through various areas of the prostate to produce large areas of focal ablation. The transducer is 
positioned in the rectum with a latex balloon that is filled with noncavitation coupling fluid. Recent modifications involve a system of continuous cooling for the rectal 
wall and software that monitors the distance from the transducer to the rectal wall continuously in real time to assist planning for each sequential pulse to minimize 
damage to the rectal wall (56).

As a general rule, each procedure takes between 2 and 3 hours to complete, involving between 700 and 1,500 firings per session. To date, several studies 
investigating its use in patients with CaP have used anywhere from one to four total sessions, usually treating no more than one lobe of the prostate per session ( 55). 
The procedures have been predominantly done under a spinal anesthetic, although a general anesthetic can be used as well. Urinary drainage posttreatment is 
typically maintained with suprapubic tube catheters that are removed when spontaneous voiding resumes; this can take from 2 to 3 weeks.

Preliminary results with this technique in patients with clinically localized CaP (i.e., clinical stage T1 to T2) who are poor candidates for radical prostatectomy have 
been recently presented (56,57 and 58). Overall, positive biopsies at 3 months after treatment have ranged between 27% and 28% of patients. PSA nadirs of less than 
1 within 3 months of the procedure have ranged between 35% and 77% of patients, depending on the technique and operator experience ( 57). In one study, PSA 
nadirs of less than 0.5 were achieved in approximately 49% of patients ( 58). The clinical experience so far is not of sufficient duration to project biochemical-free 
survivals over even short-term periods of time. Morbidities after the procedure include rectourethral fistulae in 1% to 2% of treated patients, post-HIFU TURP rates of 
20%, incontinence rates of 9%, and impotence rates of greater than 50% ( 56). One group reported that the risk of treatment-related morbidities might escalate with 
additional follow-up treatments (58). Most investigators engaged in HIFU were cautiously enthusiastic about its use as a possible therapeutic alternative that is 
minimally invasive to the standard therapies.

Considering its potential as a treatment option for patients with localized CaP, HIFU has some promise, although 5-year outcome data are lacking. Potential 
advantages of HIFU include that it appears to be able to be repeated; however, further study will be need to corroborate whether repeat treatments do in fact increase 
morbidity risk. It does appear to be able to be offered in patients who have undergone previous TURP, and it may be an effective salvage option for patients who have 
failed radiotherapy, although an inadequate number of patients have been treated to draw any conclusions.

One of the more obvious problems with HIFU is the absence of any real-time temperature monitoring system on which to base the end points of a given treatment. 
Furthermore, the fact that many patients may not have their entire prostate treated at one sitting is at best very inconvenient. At the moment, durable post-HIFU PSA 
data are lacking and prevent any valid comparisons with other therapies. Post-HIFU–positive biopsy rates have been encouraging, but follow-up is short. Post-HIFU 
morbidities may be comparable to other in situ therapies (e.g., cryoablation or brachytherapy), yet the potential risk of higher side effects with multiple treatments is a 
matter of concern in this regard. Last, the fact that what clinical data do exist after the use of HIFU for patients with CaP pertains only to patients with stage T1-2 
disease limits comparisons with other therapies (e.g., cryo- or radiation-based therapies) that have been used to treat broader ranges of clinical presentations. This 
selection bias also precludes any assessment of the potential value of HIFU as a local control option for patients with more locally advanced disease. Certainly, 
further study with this interesting technology in treating patients with CaP is warranted, and it is hoped that such studies will continue in the future.

OTHER HEAT-BASED ABLATIVE SYSTEMS

Two other heat-based focal ablation modalities have been proposed as potential treatment options for patients with CaP. The first is transperineal, ultrasound-guided 
RITA. In this procedure, radio frequency electrodes are placed under sonographic guidance transperineally into target areas of the prostate, and large spherical areas 
of coagulative necrosis can be produced ( 59). Treatment times are fairly short (i.e., 8 to 12 minutes), and, depending on the time of treatment and the power setting 
chosen, various-sized lesions can be generated. This technology has been demonstrated to produce moderately predictable lesion areas in the prostate in patients 
undergoing RITA before radical prostatectomy, with subsequent subsectioning of the specimens. The total number of patients who were pathologically free of 
carcinoma, however, was not stated (59).

The second modality involves interstitial thermal ablation using self-regulating seed implants. In this procedure, specially derived cobalt-palladium alloy seeds are 
placed in the targeted area (i.e., the prostate) under transrectal sonographic guidance in a manner similar to that being used for high-dose interstitial brachytherapy. 
The seeds are 1 mm in diameter by 14 mm in length and will self regulate to desired temperatures (usually 55 oC) when placed in a magnetic field. At the moment, only 
very preliminary clinical work exists with this technology, and studies are ongoing to determine its effectiveness as primary therapy in patients with CaP ( 60). One 
potential advantage of this therapy is that it appears to be among the most easily repeatable of proposed ablative technologies, in that patients with the implants in 
place need only to sit within a magnetic field to have a thermal treatment of the prostate. However, there are no morbidity or clinical outcome data available in the 
literature on this technology at the present time.

Neither of these two interesting approaches has generated enough peer-reviewed clinical information as treatment options for patients with CaP to assess their 
efficacy or compare them to other treatment options. However, the prospect of simplicity of design (RITA) and safe repeatability (self-regulating thermal seeds) 
certainly merits continued investigation.

CONCLUSION

Although the current results with focal ablative therapies for managing patients with localized CaP presented in this chapter are promising, they are nonetheless 
somewhat preliminary. It has been only since January 2000 that a consensus on technique has begun to be established for cryoablation, and whether the 
encouraging results seen in several institutions skilled in this procedure can be successfully transferred to other programs requires further study. Similarly, the initial 
users of HIFU have modified the technique several times in an effort to minimize morbidity, yet whether their encouraging initial results can be translated to wider 
patient selection remains unknown. In the absence of randomized prospective comparisons, it is particularly difficult to determine clear indications for when focal 
ablative modalities would be better than more established therapies. An ongoing prospective comparison between cryoablation and external beam radiotherapy for 
patients with localized CaP being conducted by the Canadian National Cancer Institute should provide very useful information in this regard over the next 5 years. In 
the meantime, data in the literature support the use of focal ablation and, in particular, cryoablation as reasonable therapeutic alternatives in select institutions for 
managing patients with new diagnoses of localized CaP.
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WHY DOES QUALITY OF LIFE MATTER IN PROSTATE CANCER?

It is reasonable to ask why we choose to discuss quality of life in a book about a cancer that kills more American men than any other cancer except lung cancer. For 
patients with many cancers, especially those that are rapidly lethal and may be cured, health-related quality of life (HRQL) is almost irrelevant to choosing a 
treatment. Although these patients must understand the potential complications of their treatment accurately enough to give informed consent to it, the required 
recitation of the known side effects has little impact on whether or which treatment will start. The most efficacious treatment, once identified, will be chosen. The 
information about toxicity simply increases the anxiety of a patient who realistically believes himself to be without meaningful alternatives. For the patient with prostate 
cancer, however, particularly those with early (nonmetastatic) disease, the scenario can be very different. All of the established treatments can cause serious and 
long-lasting complications, whereas little definitive evidence supports the belief that they differ importantly in efficacy for most patients. Thus, for clinically localized 
prostate cancer, it is difficult to avoid concluding that quality of life matters, at least to some patients.

Radical prostatectomy and radical external beam radiotherapy are well-established alternative treatments, and additional options, such as brachytherapy and 
cryotherapy, have become widely available to patients in the 1990s. Chemical castration of varying duration using luteinizing hormone releasing hormone (LHRH) 
agonists or antiandrogens, or both, has been added to potentiate these local treatments and perhaps delay progression of micrometastatic cancer. Furthermore, 
patients and clinicians now commonly discuss the active choice to defer initial local treatment, sometimes called watchful waiting. Long an option for older patients 
and those with other life-threatening illnesses, observation has been considered in wider contexts based on recent published reports. Natural history studies have 
documented favorable outcomes for carefully selected observed patients, especially those with low Gleason scores ( 1,2,3 and 4), and a decision analytic model found 
little average survival benefit of active treatment for older patients and those with well-differentiated tumors ( 5). Each of these treatment alternatives has a distinctive 
pattern of potential complications, both short and long term. For watchful waiting, the potential complications come, of course, not from the treatment itself, but from 
the fear, risk, and occurrence of future progression of initially untreated cancer.

Although patients need accurate information about the likely complications of treatment to give ethically and legally acceptable informed consent, the knowledge may 
be beneficial per se: Patients provided with accurate information about likely complications can anticipate, prepare for, and, when they occur, adapt to them more 
easily. When a treatment-related complication occurs, a patient accurately forewarned of the risk feels unlucky, whereas a patient falsely reassured that it is unlikely 
feels injured and misused. Toxicity from cancer treatment is certainly not confined to surgery and radiation for prostate cancer. Side effects of cytotoxic cancer 
chemotherapy may be extraordinarily unpleasant, and some are life threatening. Yet patients receiving, say, bone marrow transplantation rarely blame their medical 
oncologists for complications they were warned about, even when toxicity is severe and the indication for initiating treatment uncertain. Although it may be tempting to 
providers to spare patients unnecessary anxiety by minimizing potential complications, particularly when they lack realistic alternatives, accurate information, even if 
unpleasant to contemplate, is what they need and usually know they need to get through treatment.

Because of prostate cancer's long natural history, the need for information about treatment-related quality of life factors is greater than for most other cancers. 
Prostate cancer progresses slowly, compared to quick killers like lung cancer, acute leukemia, and high-grade lymphoma. For prostate cancer to kill within 5 years is 
uncommon; for many other cancers, 5-year survival is an infrequently accomplished harbinger of cure. Furthermore, prostate cancer usually occurs in older men 
during a time in their lives when other potentially lethal illnesses are increasingly likely to arise. Presumably because of screening with the prostate-specific antigen 
(PSA) test (6,7), the average age at diagnosis has fallen rapidly to below 70 years, and the number of patients diagnosed spectacularly increased before falling 
almost as rapidly beginning in 1992 ( 8,9 and 10). There is no reason to think that the natural history of prostate cancer, which most men die with and not of, has 
changed since screening emerged. Rather, cancers are simply being discovered sooner, possibly allowing more patients to receive curative therapy but certainly 
forcing many more men to face choosing a cancer therapy years earlier than men used to do. Thus, a man destined to die of prostate cancer at age 80 years may now 
be diagnosed at age 65 years because of an abnormal PSA, rather than at age 70 years because of an abnormal digital rectal examination. This hypothetical 5-year 
interval between diagnosis from PSA screening and that from earlier techniques used in the past is not arbitrary. A retrospective analysis of blood specimens taken 
from the Physicians Health Study, a randomized cancer and coronary artery disease prevention trial, found an average delay of more than 5 years between an 
abnormal PSA and the later diagnosis (in the pre-PSA era) of prostate cancer ( 11). This lead time bias, or apparently prolonged cancer survival because of earlier 
diagnosis, is one of two analytic problems that make the prognosis of screening-diagnosed cancers appear better than those diagnosed because of symptoms. The 
other length bias may be as important but is much harder to estimate. It arises because slow-growing tumors spend more time at the stage when they can be detected 
by screening but do not yet cause symptoms. These more indolent tumors, slower to metastasize and kill, are more likely to be diagnosed by screening than rapidly 
growing tumors. Because of both effects of screening, men diagnosed with prostate cancer now are likely to live significantly longer without harm from their cancers 
after diagnosis than are men diagnosed in previous generations. As a result, the average time between the diagnosis and treatment of prostate cancer and symptoms 
of metastatic cancer has lengthened.

The goal of local treatment of prostate cancer is to prevent the first metastasis, because metastatic cancer, not local disease, causes death. Therefore, local therapy 
will provide no survival benefit at all for the patient who already has metastatic spread, even if the metastases remain microscopic and undetectable for years. After 
metastatic seeds are planted in the patient's bones, only the race between his cancer and any other potentially lethal diseases he might develop will determine 
whether he will die of prostate cancer. The patient without micrometastasis will not necessarily benefit from therapy either: If the prostate cancer progresses more 
slowly than competing coexisting diseases, then treatment would be unneeded and again without benefit. Thus, for many, if not for most, therapy may provide no 
benefit in terms of prolonged life. When local therapy does prevent clinically important metastatic disease, the benefit of treatment is not realized until 
micrometastases have grown to a size that causes symptoms, a period likely to be a decade or more for most patients. As a result, even successful treatment of the 
prostate provides no tangible benefit for years. However, whereas the intended benefit of treatment is in the future, the complications of treatment may be immediate 
and enduring. Permanent effects of prostate cancer therapy on sexual potency, urinary incontinence, and bowel function may begin immediately after radical 
prostatectomy and within the first year or two after radiation therapy. Because of prostate cancer's long natural history, men with complications will survive to 
experience them for years.

Paradoxically, the complications of treatment matter particularly to prostate cancer patients, because, regardless of whether treatment is successful, their prognosis is 
so good relative to other cancer patients. However, the recent publicity given to studies documenting good results for some men after observation ( 2,3,5) has not 
apparently led large numbers of men to reject local therapy. For most patients in the United States, to knowingly allow a cancer to go untreated is intuitively wrong, 
even if some evidence suggests that the tradeoff of treatment complications for protection against future metastatic cancer may benefit only a minority of patients. But 
these results have made men increasingly aware that their treatment choices may well contribute importantly to the quality of the final decade or more of their lives. To 
a young person, prolonging life may mean the opportunity to accomplish significant life goals, such as starting and raising a family, building a career, and cultivating 
avocations and friendships. For an older man, many of those goals have been accomplished, and most men have seen in the lives of their friends, family, and 
acquaintances that death cannot be postponed indefinitely. In this latter setting, in which other infirmities of advancing age may have become manifest, men may be 



more cautious about accepting the chance of significant new iatrogenic ones.

Although the harms of treatment are increasingly well established and well known, the benefits of active treatment remain controversial. Randomized trials of 
treatments for early prostate cancer are few and inadequate. Small trials of radical prostatectomy against radiation therapy and observation were completed many 
years ago, when the close attention to study design issues now practiced was not routine and provided inconclusive results ( 12,13). Although the need for randomized 
trials saturates thoughtful discussions of early prostate cancer treatments, few have been initiated and none completed in the last decade. The remarkable, although 
still slow, accrual to the most ambitious such trial, the Prostate Intervention versus Observation Trial, will not yield its results soon. The first analysis is planned after 
10 years of follow-up (14). Whereas progress documenting the benefits of treatment has been slow, several important studies have documented the substantial 
likelihood of treatment-related complications. By asking patients directly about their symptoms and other measures of the quality of life rather than relying on their 
treating physicians to observe and report them, these studies have documented that erectile dysfunction (ED) after treatment is more probable than not, whereas 
other important symptoms, such as urinary incontinence after radical prostatectomy and radiation proctitis, are more frequent than previously thought ( 15,16,17,18,19 
and 20). The combination of poorly defined benefit and increasingly evident complications of treatment has made the discussion of treatment complications an 
essential part of treatment discussions and, by extension, of this book.

Despite this murky picture, the overwhelming majority of men with localized prostate cancer does choose to be treated, typically with prostatectomy or pelvic 
irradiation. Although the risks of sexual, urinary, and bowel impairment are well established, individual patients often find it difficult to base their decisions on 
population statistics. Rather, they make implicit judgments about the relative value of maintaining their quality of life versus maximizing their survival. Although the 
chance of dying from prostate cancer is low for men with well- to moderately differentiated tumors, for most American men the idea of not treating a malignancy is so 
foreign that they cannot conceive of choosing observation. Hence, they choose to expose themselves to the risks of impotence, incontinence, and proctitis without a 
clear survival advantage. Nevertheless, this choice is not simply suppression of cognitive dissonance. Indeed, for many men, the decline of their PSA to undetectable 
levels provides crucial reassurance and relief of the anxiety their cancer diagnosis has caused. Although their risk of terminal prostate cancer may be low, the 
inherent benefit of feeling “cured,” which an undetectable PSA produces, may powerfully benefit their quality of life. Whereas we lack solid evidence that early 
intervention meaningfully prolongs life for men with localized prostate cancer, we also lack solid evidence that it does not. The choice to accept known risks for an 
unknown, deferred benefit usually implies neither ignorance nor indifference but determination married to necessity. Having given them what we think they need to 
make an informed decision, our job as physicians is to support their decision and life in the shadow of cancer.

However, for prostate cancer, as for all cancers, the event (after the cancer's diagnosis) that erodes quality of life most dramatically for patients and their spouses is 
evidence that it has become metastatic and thus incurable ( 21). By using PSA to monitor the course of treated patients, we have accelerated our discovery of each 
patient's treatment failure. PSA levels first rise long before bone metastases cause symptoms. A recent review of surgically treated patients found a median delay of 8 
years between the rise of PSA and the detection of metastases (22). These facts led to the awkward conclusion that to optimize the quality of life in men with prostate 
cancer requires either that a lab value or PSA remain low or that it not be measured. Because most men with prostate cancer are unable to suppress their interest in 
the one reliable indicator of the status of their cancer, patients usually rule out not measuring PSA. Therefore, clinicians confronted with their patient's anguish at a 
rising PSA may feel compelled to suppress it to improve their patient's quality of life. This motive may partially account for a puzzling trend—that is, physicians' 
increasing use of hormonal ablation for patients with rising PSA alone without other evidence of metastatic prostate cancer. Surgical or chemical castration provides 
reliable temporary suppression of PSA levels but without proven survival benefit and a growing body of evidence that documents the treatment's side effects. The use 
of quality of life to justify an unproved treatment with known side effects shows that, even in the setting of metastatic prostate cancer, quality of life aspects of 
treatment deserve thoughtful discussion.

Yet, compared to the treatments given for other advanced cancers, hormone ablation is benign. By some measures, patients in remission receiving an LHRH agonist 
and flutamide have a quality of life that is indistinguishable from a matched male population without prostate cancer and a quality of life significantly better than that of 
men with androgen-resistant disease. Among patients who respond to total androgen ablation, flutamide and an LHRH agonist provide significant, measurable 
benefits to recipients independent of improvement in longevity as yet unproven ( 23). However, the tumor invariably becomes refractory to this therapy. As metastatic 
prostate cancer progresses, quality of life not only qualifies survival, but it also predicts it ( 24). During the stage of advanced prostate cancer, the importance of 
spousal support apparent from the time of diagnosis becomes even more evident. Krongrad and colleagues have documented that survival is better among married 
men (25,26). As the various factors contributing to quality of life become better understood, interventions to assist patients may become an increasing part of our 
treatment of men with prostate cancer, particularly when advanced.

METHODOLOGIC ISSUES IN QUALITY OF LIFE MEASUREMENT

Although duration of survival is relatively easy to quantify, the measurement of quality of life is more difficult, primarily because the process is less familiar to 
physicians. In quality of life research, data are collected with HRQL surveys called instruments that contain questions or items organized into scales. Each scale 
measures an aspect or domain of HRQL. For example, items of a particular instrument may address a patient's ability to have an erection and his satisfaction with 
ejaculation, both of which might be included in a sexual domain. Some scales include several items, whereas others may include only one or two. Each item contains 
a stem, which may be a question or a statement, and a response set.

Because HRQL assessment must involve individuals' own perceptions of health and ability to function, instruments are best when they are self-administered by the 
patient. Physicians typically underestimate the symptom burden experienced by prostate cancer patients, either because their queries are not sensitive enough or 
patients tend to understate their problems when responding directly to their primary caregiver ( 27,28 and 29). HRQL measurement must adhere to a rigorous 
discipline known as psychometric test theory, which seeks to optimize the attributes of reliability, validity, and responsiveness.

Reliability refers to how reproducible an instrument or scale is. Test-retest reliability is a measure of response stability over time. It is assessed by administering scales 
to subjects at two time points, with the time interval short enough to preclude the possibility that the domains being assessed will have been affected by the disease or 
its treatment during the intervening period. Correlation coefficients between the two scores reflect the stability of responses. Internal consistency reliability measures 
the similarity of an individual's responses across several items, indicating the homogeneity of a scale. The statistic used to quantify the internal consistency or 
unidimensionality of a scale is called Cronbach's coefficient alpha (30). Generally accepted standards dictate that, for group comparisons, reliability statistics 
measured by these two methods should exceed 0.7 (31). When used at the level of individual patients (e.g., monitoring HRQL over time), a reliability coefficient of at 
least 0.9 is preferred. Although some scales may function well as single-item measures, in general a health concept is better measured by a set of questions than by a 
single question. Multi-item measures are thus more reliable.

Validity refers to how well the scale or instrument measures the attribute it is intended to measure. Content validity, sometimes referred to as face validity, involves 
qualitative assessments of the scope, completeness, and relevance of a proposed scale ( 32). Criterion validity is a more quantitative approach to assessing the 
performance of scales and instruments. It requires the correlation of a scale's score with other measurable health outcomes (predictive validity) and with results from 
established tests (concurrent validity). Generally accepted standards also dictate that validity statistics should exceed 0.7. Construct validity, perhaps the most 
valuable assessment of a survey instrument, is a measure of how meaningful the scale or survey instrument performs in a multitude of settings and populations over a 
number of years. Construct validity comprises two other forms of validity: convergent and divergent. Convergent validity implies that several different methods for 
obtaining the same information about a given trait or concept produce similar results. Divergent validity means that the scale does not correlate too closely with similar 
but distinct concepts or traits. Because instruments are not simply valid or invalid, the task of validating them is always ongoing.

Responsiveness of an HRQL instrument refers to how sensitive the scales are to change over time. That is, a survey may be reliable and valid when used at a single 
point in time, but in some circumstances it must also be able to detect meaningful improvements or decrements in quality of life during longitudinal studies. The 
instrument must “react” in a time frame that is relevant for patients over time. Because HRQL may change over time, longitudinal measurement of these outcomes is 
important (33,34). Different domains may become more or less prominent over time as the course of disease and recovery evolves. Although their perception of cure 
waxes and wanes with time since treatment or the latest PSA level, patients may feel more or less impacted by their HRQL impairments. In addition, patients may 
experience a “response shift” as they learn to adapt to the chronicity of HRQL alterations ( 35).

Prospective, longitudinal data collection is always best, because this approach may reveal time-dependent evolution of HRQL domains ( 36,37). Patients may then 
serve as their own controls. Assessing HRQL at baseline before treatment allows for the inclusion of baseline age-related changes that should not be attributed to 
treatments. Because prostate cancer is largely a disease of older men, many of them may already be troubled by sexual, urinary, or bowel dysfunction. If they are 
surveyed cross sectionally after surgery or radiation, then it is impossible to determine whether any quality of life impairments have occurred as a result of the 
treatment or whether they were already present. Studies that use longitudinal methods can determine how long it takes for patients to return to their own individual 
baseline status in the various quality of life domains.



However, investigators often use methodologies in which HRQL is assessed cross sectionally rather than longitudinally. In cross-sectional surveys, patients cannot 
serve as their own temporal controls, because it is well established that patients' recall of pretreatment HRQL is inaccurate ( 38,39,40 and 41). Hence, studies must 
rely on appropriate comparison groups. Selecting the best normal comparison group is a critical step in conducting a meaningful analysis of HRQL outcomes. If 
normal is defined as the absence of any dysfunction, then prostate cancer treatment groups may be held to too high a standard. If normal is determined by assessing 
older men without prostate cancer (or, even better, prostate cancer patients on watchful waiting), then HRQL outcomes after prostate cancer treatment may be 
interpreted in a more valid context (42).

Investigators must be parsimonious when selecting HRQL instruments. Although longer instruments may provide richer databases, researchers must recognize that 
fatigue may limit the ability of patients to provide useful information. This phenomenon, known as response burden, must be considered when assessing HRQL in 
clinical or research settings.

Cultural issues must also be taken into account. Although an instrument may have been translated into a new language, it may not have the same meaning in that 
culture. This is particularly relevant when studying quality of life, social attitudes, and health behaviors in different countries or cultures. Different nations and cultures 
may have very different concepts of health, well being, illness, and disease. Therefore, a well-developed concept in one group of people may not even exist in 
another. Even with an instrument that is well validated in English, various English-speaking populations across the world may not approach the concept with the same 
ideas (43,44 and 45). Failing to be attentive to multicultural issues may result in significant bias when collecting and interpreting data. New instrument development 
should always be undertaken with an eye toward eventual international translation and cultural adaptation.

General and Disease-Specific Quality of Life Assessment

HRQL instruments may be general or disease-specific. General HRQL domains address the components of overall well being, whereas disease-specific domains 
focus on the impact of particular organic dysfunctions that affect HRQL ( 46). General HRQL instruments typically address general health perceptions, a sense of 
overall well being, and function in the physical, emotional, and social domains. Disease-specific HRQL instruments focus on more directly relevant domains, such as 
anxiety about cancer recurrence, urinary, sexual, and bowel impairment, and any bother caused by these dysfunctions. Disease-specific and general HRQL domains 
often impact each other, leading to important interactions that must be considered in the interpretation of HRQL data. In early-stage prostate cancer, the treatments 
alter intimate bodily functions that may not be fully appreciated by assessing only the broader domains of general HRQL. Conversely, in patients with advanced 
prostate cancer, HRQL may be affected predominantly by pain, fatigue, and other constitutional symptoms that are well captured by general HRQL instruments.

General Quality of Life Instruments

General HRQL instruments have been extensively studied and validated in many types of patients, sick and well. Examples include the RAND Medical Outcomes 
Study 36-Item Health Survey (also known as the SF-36) (47,48), the Quality of Well-Being scale (QWB) ( 49,50), the Sickness Impact Profile (51,52), and the 
Nottingham Health Profile (53,54). Each assesses various components of HRQL, including physical and emotional functioning, social functioning, and symptoms. 
Each has been thoroughly validated and tested.

The SF-36 is one of the most commonly used instruments and is regarded by some as a gold-standard measure of general HRQL. It is a 36-item, self-administered 
instrument that takes fewer than 10 minutes to complete and quantifies HRQL in multi-item scales that address eight different health concepts—physical function, role 
limitation due to physical problems, bodily pain, general health perceptions, social function, emotional well being, role limitation due to emotional problems, and 
energy and fatigue. The SF-36 may also be scored in two summary domains: physical and mental. Recently, a shorter 12-item version, the SF-12, has been 
developed for use in studies requiring greater efficiency. It provides a somewhat narrower view of overall health status and is scored only in the two summary domains 
(55,56).

The QWB summarizes three aspects of health status—mobility, physical activity, and social activity—in terms of quality-adjusted life years, quantifying HRQL as a 
single number that may range from death to complete well being. The original QWB contains only 18 items, but it requires a trained interviewer. A newer 
self-administered version of the QWB is now available and has been shown to produce scores that are equivalent to the interviewer-administered version and stable 
over time (57).

The Sickness Impact Profile measures health status by assessing the impact of sickness on changing daily activities and behavior. It is self-administered but contains 
136 items and can take 30 minutes or longer to complete. Test-retest reliability is consistently high (0.88 to 0.92) in validation populations.

The Nottingham Health Profile covers six types of experiences that may be affected by illness, pain, physical mobility, sleep, emotional reactions, energy, and social 
isolation by using a series of weighted yes or no items. It contains 38 self-administered items and can be completed fairly quickly.

Cancer-Specific Quality of Life Instruments

Because of the well-documented impact of malignancies and their treatment on HRQL, cancer-specific quality of life also has been investigated extensively. Various 
instruments have been developed and tested that measure the special impact of cancer in general on patients' daily activities. Examples include the European 
Organization for the Research and Treatment of Cancer Quality of Life Questionnaire C30 (EORTC QLQ-C30) ( 58,59), the Functional Assessment of Cancer Therapy 
(FACT) (60), and the Cancer Rehabilitation Evaluation System Short Form (CARES-SF) ( 61,62). Each has been validated and tested in patients with various types of 
cancer. Readers are also directed to a comprehensive website (http://www.qlmed.org/) developed by Tamburini. It is an invaluable resource in the selection of quality 
of life instruments for studies in prostate cancer, other malignancies, and a variety of acute and chronic benign conditions. It contains up-to-date psychometric data, 
bibliographies, and easily downloadable copies of dozens of HRQL instruments.

The EORTC QLQ-C30 was designed to measure cancer-specific HRQL in patients with a variety of malignancies. Its 30 items address domains that are common to all 
cancer patients. The questionnaire includes five functional scales (physical, role, emotional, cognitive, and social functioning); a global health scale; three symptom 
scales (fatigue, nausea/vomiting, and pain); and six single items concerning dyspnea, insomnia, appetite loss, constipation, diarrhea, and financial difficulties due to 
disease. The EORTC QLQ-C30 does not include items specific to prostate cancer, but it has performed well in this population ( 63). Other disease-specific modules for 
prostate cancer (see later) are presently under development.

The FACT is usually applied as a two-part instrument that includes a general item set pertaining to all cancer patients [FACT-general (G)] and one of several item sets 
containing special questions for patients with specific tumors (see later). Each item is a statement that a patient may agree or disagree with across a 5-point range. 
The FACT-G domains include well being in five main areas: physical, social/family, relationship with doctor, emotional, and functional. The FACT-G includes 28 items 
and is easily self-administered.

The CARES-SF is a 59-item, self-administered instrument that measures cancer-related quality of life with five multi-item scales: physical, psychosocial, medical 
interaction, marital interaction, and sexual function. A large and valuable database of patients with many different tumors, including urologic tumors, has been 
collected by the instrument's authors (64). These data are helpful when comparing the experience of prostate cancer patients with that of patients with other types of 
cancer.

The Rotterdam Symptom Checklist contains 27 items that are scored in two domains (psychosocial and physical distress), as well as several miscellaneous items 
relevant to cancer patients. Its two dimensions are reliable across populations ( 65).

Prostate Cancer–Specific Quality of Life Instruments

The University of California, Los Angeles Prostate Cancer Index (PCI) has been popularized as a reliable, valid instrument to measure disease-targeted HRQL in men 
treated for early-stage prostate cancer (17,66). The PCI is a self-administered, 20-item questionnaire that quantifies prostate cancer–specific HRQL in six separate 
domains: urinary function, urinary bother, sexual function, sexual bother, bowel function, and bowel bother. The six scales are scored from 0 to 100, with higher 
scores representing better outcomes. The PCI has been shown to be reliable and valid, with test-retest reliability coefficients of 0.77 in five of six scales and internal 
consistency alpha coefficients of 0.65 to 0.93 in populations of older men with and without prostate cancer. A cross-cultural Spanish translation of the PCI is available 



for Spanish-speaking men living in the United States ( 67).

The FACT-Prostate (FACT-P) is a supplemental prostate-targeted module that is used with the FACT-G. It is a 12-item scale that addresses weight loss, appetite, and 
urinary and erectile difficulties ( 68). Its internal consistencies range from 0.65 to 0.69 in populations of men with prostate cancer, and it is responsive to changes in 
performance status and PSA over time. Although it has been used in patients with localized or advanced disease, its items focus primarily on the symptoms of 
metastatic prostate cancer.

The Prostate Cancer Treatment Outcome Questionnaire (PCTOQ) ( 69) was also designed as a supplement to the FACT-G. Its self-administered 41 items probe 
domains relevant to prostate cancer patients. The PCTOQ provides scores in the sexual, urinary, and bowel domains, but it is much longer than the FACT-P. A newer 
version of the PCTOQ based on further analysis includes 29 items in the three domains of sexual, urinary, and bowel dysfunction. Both the PCTOQ and the FACT-P 
are relatively new, so additional research is needed to determine their usefulness.

The Radiumhemmets Scale of Sexual Function, another disease-specific instrument (70), was initially developed to address sexual dysfunction in the setting of 
treatment for prostate cancer. An expanded version of this questionnaire, available from its authors, also addresses micturition and continence (incorporating the 
International Prostate Symptom Score), as well as bowel function, co-morbidity, overall health status, and demographics. This instrument has been used in a number 
of Swedish prostate cancer health-related quality of life studies, although published data on its reliability and validity are limited ( 71,72).

Another HRQL disease-specific instrument presently under investigation and soon to be published is the prostate cancer module of the EORTC QLQ-PR25. 
Researchers are developing this module to be used in conjunction with the EORTC QLQ-C30 as a measure of disease-specific HRQL in prostate cancer. Its 25 items 
include bowel, urinary, and sexuality symptom scales and are reliable and valid in men with localized and metastatic prostate cancer. Its transformed scales are 
scored from 0 to 100, with higher scores representing worse outcomes in functional status domains.

Some investigators believe that comparisons of various quality of life studies will only be possible if the research community establishes a single instrument to be 
used throughout the world. Others contend that patients' life experiences and values vary so widely across cultures that conforming to one unified instrument would be 
neither possible nor desirable. Clearly, the existing general and disease-specific quality of life instruments adequately address the domains of importance to men with 
early and late-stage prostate cancer. Although it might be useful to develop a core set of items to use in international studies, the literature is enriched with data from 
a variety of validated quality of life measures.

As useful as multi-item scales are, particularly for comparing the outcomes of groups of patients, combining several items into a domain and several domains into a 
summary score for HRQL to some extent substitutes mathematical confidence for interpretability, particularly at the individual level. Summary scores are essential to 
obtain a single number for a complex outcome but, like any aggregation, may conceal particular outcomes of interest. For example, a patient trying to choose a 
treatment may care less that patients receiving radiation therapy have on average lower urinary dysfunction scores than surgery patients than the actual frequency of 
developing urinary incontinence of a particular severity after each treatment. It is important that studies of quality of life keep in mind health policy makers and 
individual patients and reporting results, including specific outcomes of interest in addition to scores.

LESSONS FROM THE QUALITY OF LIFE LITERATURE

The literature on quality of life in men treated for early and late-stage prostate cancer expanded rapidly during the 1990s. Despite the absence of randomized 
controlled trials, a variety of well-conducted studies have used cross-sectional and longitudinal designs to reveal several important lessons. The best studies have 
relied on validated instruments. The central findings reported in the literature include the following. First, the domains of general quality of life, such as physical, 
emotional, and social functioning, do not differ substantially across treatment groups. This suggests that patients undergoing surgery or radiation appear to adjust 
equally well to any changes that prostate cancer or its treatments may cause. Second, the domains of disease-specific quality of life, such as sexual, urinary, and 
bowel dysfunction, vary markedly, qualitatively, and quantitatively across treatment groups. Third, over time, patients accommodate at least partially to any 
dysfunction they may experience. Fourth, some differences in disease-specific quality of life between groups undergoing surgery or radiation diminish significantly 
over time. For example, the effects of radical prostatectomy on potency (and continence) occur acutely after treatment. However, after approximately 2 years, the 
continuing progression of ED after pelvic irradiation results in approximately similar levels of impairment. Fifth, when performing group comparisons of quality of life in 
prostate cancer patients, it is important to use them to age-matched controls, as older men may develop sexual, urinary, or bowel dysfunction independent of prostate 
cancer treatment. Furthermore, documentation of pretreatment function, possible in prospective cohort studies and, still better, randomized trials, but not 
cross-sectional surveys, allows the distinction to be made between preexisting impairments and those arising after and potentially because of treatment. Sixth, it is 
important to adhere to rigorous methodologic guidelines when measuring quality of life, as these issues can profoundly impact study results. For example, quality of 
life is best measured by patient self report, as physicians have been shown to underestimate the effects of treatment.

Treatment-Related Symptoms

Treatments for early prostate cancer differ in their expected side effects. Because the prostate is anatomically central to sexual functioning adjacent to the 
neurovascular bundles implicated in initiating erections ( 73) and the corpora cavernosa, whose engorgement with arteriolar blood provides mechanical support, all 
active treatments may cause ED. Radical prostatectomy invariably resulted in impotence before the importance of the neurovascular bundles was appreciated. New 
“nerve-sparing” surgical techniques to preserve these structures developed by Walsh and colleagues had little impact on the nearly universal impotence experienced 
immediately after surgery but made recovery within a year or two to full erectile function possible for some men ( 74). Because prostate cancer is often multifocal in the 
prostate and the neurovascular bundles lie immediately adjacent to it, nerve preservation theoretically risks compromising the primary surgical goal of excising all 
tumors. Therefore, most urologists are reluctant to preserve bundles on the same side of the prostate as the evident tumor, leaving many men who desired nerve 
preservation, particularly if their cancers are palpable, with only unilateral preservation or without it. Unilateral nerve preservation is much less successful than 
bilateral preservation in preserving potency ( 19,75). The likelihood of erectile function varies with the definition of potency; patient's age and other co-morbid 
conditions; stage of the cancer; and, probably, surgeon and institution-specific characteristics, such as frequency of surgery. The most commonly cited outcomes 
arise from specialized referral centers with selected patients, although most procedures are performed in community settings where outcomes are usually not 
measured or published. The contrast between the results at centers and more representative patient samples can be striking ( 15).

External beam radiation therapy also causes ED, although the time course is slower than for surgery, and the etiology is complex ( 17,76,77 and 78). Little evidence of 
ED is evident until a year after treatment ( 18,20), but impotence continues to progress for at least another year ( 79). The quality of ED after radiation therapy may also 
differ; many, if not most, men with ED report erections that are not firm enough for intercourse. The significance of the differences between radical prostatectomy and 
external beam radiation therapy is not understood. Some have argued that erections of inadequate firmness may be caused by leakage of blood from the corpora due 
to radiation-induced damage, but little data exist to support this mechanism.

Brachytherapy also likely causes ED, but it has been less well studied than more common modalities. ED after brachytherapy is likely to follow a similar slow time 
course like that after external beam radiation therapy, because radiation-induced fibrosis is likely a common mechanism. These techniques may differ in the dose to 
the neurovascular bundles and corpora.

The use of neoadjuvant or adjuvant androgen ablation with these primary local treatments may have an important impact on erectile function. The duration of 
treatment is increasing. Earlier trials used hormonal ablation for 2 or 3 months. Because the PSA nadir may be found 8 to 12 months after treatment begins, longer 
periods are now used. In the sole adjuvant trial in which a survival advantage was found, hormonal treatment was extended for 3 years ( 80). Prolonged hormonal 
ablation may significantly delay recovery of endogenous androgen production.

Localized Prostate Cancer

Prostate-specific HRQL in the sexual, urinary, and bowel domains has been studied in a cross-sectional survey using the University of California, Los Angeles PCI 
(17). In a study of 528 men in a managed care population, general HRQL was similar when comparing patients who had undergone surgery, radiation, or observation 
alone for clinically localized prostate cancer or when comparing them to a group of age-matched control subjects without prostate cancer. Among the subjects, 
significant treatment group differences in HRQL were identified in the prostate-specific sexual, urinary, and bowel domains. Patients who had undergone radical 
prostatectomy had worse sexual and urinary function, but they were no more bothered than patients who had received radiation. Radiated patients had worse bowel 
function, but they were no more bothered than those undergoing surgery. Function and bother were clearly shown to be independent HRQL domains. Interestingly, 



the prostate-specific HRQL decrements did not translate into differences in general HRQL.

In a longitudinal prospective study of 260 newly diagnosed patients with early prostate cancer who later chose radical prostatectomy or external beam radiation 
therapy, Talcott and colleagues were able to compare the treatment groups' pretreatment status and subsequent changes ( 18,19 and 20,81). ED, but not bowel 
symptoms or urinary incontinence, was prevalent pretreatment, particularly among radiation therapy patients. Radiation patients averaged 6 years older than the 
surgery patients, which was an expected difference given the commonly preferred recommendation of surgery for younger, healthier men. At 3 months after treatment, 
nearly all surgery patients reported ED, more than half wore absorptive pads for urinary incontinence, and 16% of radiation therapy patients reported several 
episodes of diarrhea and at least mild rectal urgency in the last week. Despite subsequent improvement in the first year, at 12 months, 69% of surgery patients with 
erections pretreatment reported complete impotence in the last month, and 91% reported erections inadequate for intercourse. In addition, 11% reported “a lot” of 
urinary incontinence, and 35% reported wearing pads within the last week. Although diarrhea and rectal urgency improved, ED increased among radiation patients 
after 3 months. At 12 months after radiotherapy, 24% of men with erections pretreatment had none, 61% had erections inadequate for intercourse ( 20), and ED 
increased further the following year, the proportion with inadequate erections approaching that of surgery patients ( 79).

Others have documented the evolution of HRQL over time. In men treated with radical prostatectomy for early-stage disease, Pedersen and colleagues ( 56) carried 
out a longitudinal study of quality of life changes for 18 months after surgery. The initial distress associated with diagnosis of cancer improved over time, although 
bother from ED persisted. Overall well being was minimally affected. In the initial 12 months after initial therapy for early prostate cancer, Clark and colleagues found 
sluggish responsiveness of only three SF-36 domains (global health perception, vitality, and social function). Even these changes showed a modest association with 
symptoms and responded little to the development of new symptoms (81). Litwin and colleagues found similarly poor correlation between global measures of HRQL 
symptoms. These global measures were more responsive to anxiety over cancer than to treatment-related symptoms. In a prospective study of patients in the year 
after radical prostatectomy for early-stage prostate cancer, patients experienced steady improvement in their quality of life. By 3 months postoperatively, 30% to 40% 
of patients had already recovered their baseline levels of physical, mental, and social functioning, by 6 months more than 70%, and by 12 months after surgery, 86% 
to 97% of patients had returned to baseline levels in each domain ( 82). Similar results were found in patients included in the Cancer of the Prostate Strategic Urology 
Research Endeavor (CaPSURE) database. After initial decreases after prostatectomy, patients reported an improvement in general and disease-specific HRQL within 
9 months of their initial diagnosis with prostate cancer. Being married was associated with better HRQL, whereas advancing age was associated with steeper HRQL 
declines over time (83).

Talcott et al. (19) compared erectile function of men who underwent nerve-sparing radical prostatectomy and non-nerve-sparing surgery. Using a newly validated 
HRQL instrument, they found that the surgical procedure patients received was correlated with pretreatment erectile function and cancer prognostic factors: 
non-nerve-sparing, unilateral nerve-sparing (one neurovascular bundle preserved), and bilateral nerve-sparing patient groups had progressively better erectile 
function, a younger age, and better PSA, Gleason scores, and tumor stage. At 12 months after surgery, there was no difference in erectile function between 
non-nerve-sparing and unilateral nerve-sparing patients, and only 21% of patients who had bilateral nerve-sparing surgery reported erections usually adequate for 
intercourse. This study did not examine the degree to which sexual dysfunction bothered patients, nor did it examine general HRQL in these patients.

Fortunately, a variety of treatments are available for men with impotence. One study found that when postprostatectomy patients use erectile aids, their HRQL in the 
sexual domains is returned to levels similar to men awaiting surgery ( 84). However, another longitudinal study of outcomes 18 months after surgery found that 
whereas the initial distress associated with diagnosis of cancer improved over time, bother from ED persisted. Overall well being was minimally affected ( 85). Lim and 
colleagues (86) surveyed HRQL in 136 men who had undergone radical retropubic prostatectomy and 60 men who had received external beam irradiation for clinically 
localized prostate cancer. Although the prostatectomy group initially had more impotence and incontinence, the radiation group had worse bowel function. Radiated 
patients who were incontinent perceived this as a greater problem than did incontinent patients in the prostatectomy group. The study also showed that sexual 
function correlated positively with physical vigor and negatively with incontinence and depression, implying that impotence may affect general HRQL. Approximately 
90% of each group stated that they would choose the same treatment again.

Brasilis et al. (87) studied 79 men who had undergone prostatectomy and found that although impotence had little effect on most domains of general HRQL, patients 
with better sexual function tended to have better scores in the physical vigor domain. Rossetti and Terrone ( 88) also found that ED in 161 men after radical 
prostatectomy did not correlate strongly with general HRQL. Shrader-Bogen et al. ( 69) compared men who had undergone prostatectomy or radiation therapy and 
also found that whereas sexual function was worse among the surgery patients, general HRQL was similar between the two groups.

Fowler and colleagues on the Prostate Patient Outcomes Research Team (89,90) studied a large national sample of Medicare beneficiaries who had undergone 
radical prostatectomy. They documented that although sexual and urinary dysfunction are much more common after surgery than previously reported, general HRQL 
domains, such as physical and mental health, do not correlate well with decrements in prostate-specific HRQL.

Incontinence after prostate cancer treatment appears to have a greater impact than ED on general HRQL. Herr ( 91) demonstrated that among men who were 
incontinent after radical prostatectomy, 26% reported limitations in their usual physical activity, and more than half experienced moderate to severe emotional 
distress. Interestingly, 79% of those evaluated fewer than 5 years after surgery said they would choose surgery again despite their leakage problems. Lim and 
colleagues (86) found that men who were incontinent after prostatectomy or radiation therapy were more likely to have emotional tension, physical fatigue, depression, 
low physical vigor, and poor social well being. In their study of men who underwent radical prostatectomy, Shrader-Bogen and colleagues ( 69) showed that 19% of 
subjects reported that their urinary problems affected their quality of life “quite a bit” or “very much.” Fossa and colleagues ( 92) also found lower urinary tract 
symptoms after treatment to be an independent predictor of global HRQL in a logistic regression model. As continence improves during the months after 
prostatectomy, quality of life follows a similar course ( 93).

Borghede (94) used an early version of the EORTC prostate module to study a population of men with localized prostate cancer who had undergone external beam 
radiation therapy. Patients had significant decreases in the sexual domain but relatively good general HRQL. HRQL scores on the sexuality and general scales did 
not correlate well with each other, again suggesting that general HRQL tends to be well preserved, even in the setting of specific pelvic dysfunction. In a prospective 
cohort study, Beard et al. (95) used the SF-36 to demonstrate that general HRQL did not change significantly in men receiving external beam radiation for prostate 
cancer. Bowel symptoms were common during the initial 3 months after therapy but improved at 6 months. Those receiving whole-pelvis treatment fared worse than 
those receiving conformal therapy. Likewise, Caffo et al. ( 96) showed that although 44% of men had significant decreases in the sexual domain after radiation 
therapy, physical, psychologic and relational well being remained high.

Fowler et al. (16) studied HRQL in 621 men who had undergone pelvic irradiation for prostate cancer. Patients were identified through the National Institutes of 
Health's Surveillance, Epidemiology, and End Results program in three regions of the United States. Compared to those who had received radical prostatectomy, 
radiated patients had significantly less incontinence (7% vs. 32%) and ED (23% vs. 56%) but significantly more bowel dysfunction (10% vs. 4%). Radiated patients 
also worried more about cancer recurrence than did those treated with surgery. In a comprehensive study of sexual function in 199 men who had undergone pelvic 
irradiation compared to 200 age-matched controls, Fransson and Widmark ( 97) showed that radiated patients were more than four times more likely to be impotent, 
except in those younger than 70 years, in whom the frequency of sexual activity was almost equal to the control population without prostate cancer.

Other investigators examining the effect of ED on HRQL after radiation have shown differences in general HRQL. Helgason et al. ( 70) used the Radiumhemmets 
Scale of Sexual Functioning, which includes an item that addresses global quality of life, to determine the effect of decreased sexual capacity on HRQL in this patient 
population. They showed that sexual desire diminished 77% after treatment and that although 66% of men still had an erection sufficient for intercourse, 77% of men 
reported some loss of stiffness. More important, half of men reported that their overall quality of life had decreased much or very much as a direct result of their 
decrease in erectile function. Roach et al. ( 98) noted similar outcomes.

Although patients undergoing radiation therapy tend to score better in the urinary domains than do those undergoing radical prostatectomy, these scores are still 
worse than in age-matched controls (99).

ISSUES FOR THE FUTURE

Although we have learned a great deal about quality of life in men with prostate cancer in the 1990s, more questions remain unanswered than resolved. These issues 
involve choosing methods for measuring and reporting quality of life, identifying situations in which quality of life matters most, and fitting quality of life into the 
question of treatment choice, in which the most important issue for most patients is preventing death from cancer.

We need to be consistent in how we measure and report quality of life. Even when the methodologic guidelines described previously are followed, methodologic 



issues remain. Even thoroughly validated instruments are not interchangeable. Although consistent results using different instruments in different populations 
reinforce one another, the reasons for conflicting results are less clear when instruments vary between studies. Converging on a single instrument may be premature 
and disadvantageous, however. Available instruments may not collect all we need to understand HRQL in prostate cancer. For example, the limited and inconsistent 
correlation between ED and general HRQL appears to contradict the importance many men ascribe to sexual potency. To clarify this relationship, we may need to 
better understand men's concept of sexuality and its changing relationship to ED; cancer and other diseases; masculine self-identity; social support, especially from a 
sexual partner; regret over treatment decisions; and treatments for ED, to name a few. Flexibility and inventiveness in developing assessment tools will be necessary 
to clarify such complex relationships.

Almost all of the current reports on the effects of treatment are nonrandomized. As a result, reported results are confounded by the treatment patients receive. Men 
choose and are steered toward different treatments by their physicians based on factors that affect their prognosis: the extent of their prostate cancer, the number and 
seriousness of their coexisting diseases, their age, and, perhaps, other less directly relevant factors, such as their sociodemographic status or race. These factors 
also influence the likelihood of symptoms that may be caused by prostate cancer treatment, such as ED or urinary incontinence. Physicians, for example, more often 
recommend that older patients receive radiation therapy rather than radical prostatectomy. Because ED increases with age, radiation therapy patients are more often 
impotent before treatment than surgery patients (20). Radiation therapy patients thus go into treatment disadvantaged compared to surgery patients, making a 
comparison of their potency rates after treatment misleading, unless their pretreatment differences are accounted for. Similarly, the decision of whether to perform 
nerve-sparing radical prostatectomy depends on the patient's desire to preserve his potency and the urologist's belief that all prostate cancer can be safely removed if 
one or both neurovascular bundle(s) is spared excision. The patient's pretreatment erectile function, age, and the extent of his cancer all influence the choice of the 
surgical technique, and each may influence later potency independent of the treatment he receives. Men who are impotent before surgery are the least likely to be 
potent after surgery and to request potency-sparing surgery, whereas younger men with early prostate cancer and without ED are the most likely to request bilateral 
nerve-sparing surgery and to have it accomplished. Therefore, at least some of the apparent benefit of nerve-sparing surgery is confounded by the patient's 
pretreatment characteristics (19). Thus, without assurance that patients were similar before treatment or that differences were adjusted for, separating outcomes due 
to the particular treatment received and to other patient factors is impossible. The best assurance comes from random assignment of patients to treatment in 
controlled trials. The track record for completing randomized trials among men with prostate cancer, particularly early prostate cancer, is nothing short of scandalous.

Until we can complete and analyze randomized trials, we need to collect information consistently to make approximate comparisons of the primary treatments for early 
prostate cancer consistent with the principles described earlier. The patient is the best judge of his own quality of life and should be the direct source of information 
reported.

We need to study the quality of life impact of changes in our treatment approach, particularly when the changes lack a strong evidence-based rationale. For example, 
hormonal ablation is increasingly often used to increase the efficacy of external beam radiation therapy preceding definitive local therapy for short periods of 2 to 3 
months but increasingly prolonged for as long as 12 months. Although large trials of the Radiation Therapy Oncology Group have found that neoadjuvant hormone 
ablation delays cancer progression, such a benefit would be expected based on the treatment's known antitumor effect, which control arm patients have not yet 
received. When control patients progress and receive hormonal ablation, the early advantage of the other group would be expected to be largely made up, whereas 
patients receiving hormonal therapy at progression would be expected to have a lesser benefit, because many cancer cells that are sensitive to hormonal ablation will 
have already died. Therefore, the only reliable end point to test this treatment is overall survival. The Radiation Therapy Oncology Group studies have found a 
survival benefit for only a single subset of one study, patients with centrally reviewed Gleason scores of 8 to 10 ( 100,101). The sole (unconfirmed) randomized trial 
that found an overall survival benefit for early hormonal ablation continued treatment for 3 years ( 80). Despite the incomplete evidence regarding this approach, many 
radiation oncologists consider neoadjuvant hormonal ablation a standard approach, especially for patients with adverse prognostic factors, such as high Gleason 
score, PSA greater than 10 ng per mL, or large palpable tumors. This gradual enlargement of the indications and duration of treatment have occurred with little study 
of the adverse side effects of treatment. For example, recovery of endogenous testosterone production is prolonged after androgen ablation of increasing lengths and 
may not recover for all men (102). The impact of these changes on erectile function may be important. Perhaps most striking is the increasingly common practice of 
instituting hormone ablation in response to the initial rise of PSA after primary treatment based on a single study of uncertain relevance to current standards of 
practice (103). These examples emphasize that measuring quality of life remains integral to improving our care of prostate cancer patients. We hope that when this 
text is revised, HRQL measurement will have become a useful, integrated aspect of management of men with prostate cancer.
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POSTPROSTATECTOMY INCONTINENCE

Urinary incontinence after radical prostatectomy (RP) can be a distressing complaint that can profoundly affect quality of life. Reported rates of postprostatectomy 
incontinence (PPI) vary greatly between centers, and, frequently, incontinence rates of less than 10% are quoted ( 1,2,3,4 and 5). However, several reports indicate 
significantly higher rates of PPI, ranging between 20% and 87% ( 6,7,8 and 9). In a recent survey of more than 1,000 patients who had undergone RP for clinically 
localized prostate cancer, the incidence of incontinence requiring protection was 33%, whereas the incidence of any PPI was 66% ( 10). Furthermore, a prospective 
study using strict urodynamic criteria to assess PPI reported continence rates of only 13% ( 11).

Although reasons for the wide variation in PPI rates have not been fully elucidated, a number of factors have been shown to play a role in this regard ( 12,13,14,15 and 
16). PPI, as perceived by the patient, has been shown to correlate poorly with objective measurements of the degree of incontinence. In addition, physician-reported 
incontinence can be inconsistent with the degree of incontinence observed by the patient, although this is disputed by some ( 5,9,17). Furthermore, the inconsistent 
definition of PPI used by various investigators; differences in methodology used to evaluate patients, as well as differences in length of follow-up; and the subjective 
nature of postoperative evaluation also contribute to variation in the incidence of incontinence ( 18).

Despite this, PPI remains a perplexing clinical problem and a major contributor to deterioration in quality of life after therapy for localized prostate cancer. Moreover, 
PPI does not necessarily imply the presence of intrinsic urethral sphincter deficiency but is frequently due to other causes. Therefore, careful patient workup is a sine 
qua non if patient expectations are to be met and good clinical outcomes achieved.

Mechanisms of Continence

Under normal conditions, urinary continence in men is maintained by the proximal urethral sphincter, which includes the bladder neck and prostatic urethra up to the 
verumontanum (19). When the proximal sphincter mechanism is compromised—for example, after transurethral resection of the prostate—continence is maintained by 
the distal urethral sphincter (DUS), which extends from the verumontanum to the membranous bulbar urethral junction ( 20). At the time of RP, the proximal urethral 
sphincter, as well as the proximal third (verumontanum to membranous urethra) of the DUS, is excised.

Although PPI is usually present in the immediate postoperative period, the majority of patients reports significant improvement in urinary continence within 3 months to 
1 year after RP. However, factors responsible for restoration of continence are unclear. Indeed, it is surprising that the majority of patients does achieve a degree of 
continence, considering the extensive extirpation of the urinary sphincter at the time of surgery.

Evidence suggests that urethral smooth muscle and elastic tissue in the distal third of the DUS are primarily responsible for passive continence post RP ( 21). It is 
important to note that significant PPI can occur in the presence of an intact striated sphincter, as evidenced by the ability of severely incontinent patients post RP to 
interrupt their urinary flow voluntarily. Functional integrity of the fibroelastic smooth muscle component of the membranous urethra (intrinsic component of distal 
sphincter), therefore, appears to play a crucial role in the continence mechanism post RP. Cadaveric dissections, radiologic assessment, and urodynamic 
measurements have revealed considerable individual variation in membranous urethral length that is unrelated to age, height, or body weight ( 22,23). These findings 
possibly account for the fact that there is marked individual variability in time to continence after RP.

Mechanisms of Postprostatectomy Incontinence

Urodynamic evaluation of post RP patients has demonstrated several parameters that play a role in continence ( 24,25,26 and 27). These include a longer mean 
functional profile length and a higher maximal resting urethral closure pressure ( 12). In addition, tubularization above the level of the external sphincter was noted on 
voiding cystourethrography in continent patients and was found to be absent in incontinent patients. The length of this tubularization was noted to range from 0.75 to 
1.50 cm (12). Several other studies have alluded to a critical functional urethral length that is ultimately responsible for mucosal coaptation, resulting in a mucosal seal 
that leads to post-RP continence (16,28). Factors such as urethral scarring and shortening of this critical urethral segment are synonymous with PPI by preventing 
adequate mucosal coaptation over the required length of urethra.

PPI has two important mechanisms. First, intrinsic sphincter deficiency (ISD), due to reduction in length of the distal sphincter mechanism; fibrosis and scarring of the 
intrinsic sphincter, alterations in nerve or blood supply, or both, to the intrinsic sphincter; and, finally, mucosal changes within the intrinsic sphincter may all lead to 
loss of mucosal coaptation and, hence, absence of a mucosal water seal. ISD alone classically manifests as stress urinary incontinence (SUI) and, in its severest 
form, gravitational incontinence. ISD can be simply diagnosed by measuring intraabdominal pressure using a rectal catheter during a Valsalva maneuver. This 
pressure, at which the patient leaks, is known as the abdominal leak point pressure (ALPP), and, in general, low ALPPs are synonymous with poor intrinsic function.

Second, changes in detrusor muscle function can be the sole cause of PPI or contribute to PPI caused by ISD. Detrusor instability (DI) and reduced compliance have 
been shown to occur de novo after RP. In fact, DI reportedly is the sole cause of PPI in 25% to 50% of patients. Significant reduction in bladder compliance has also 
been reported after RP (15). The pathogenesis of this finding is presumed to be due to partial bladder denervation that may occur as a result of dissection around the 
seminal vesicles and bladder base at the time of RP. We found significant reduction in mean compliance (pre-RP compliance, 36 cm H 2O; post-RP compliance, 26 cm 
H2O) after RP. In addition, we showed that maximal voiding pressure was significantly higher in continent patients post RP, suggesting outlet (anastomotic) 
obstruction in continent patients. It is therefore possible that a degree of bladder outlet obstruction (BOO) may augment the function of the DUS by preventing radial 
forces at the bladder neck from taking effect during filling and Valsalva maneuvers and, therefore, from compromising the coaptation mechanism that normally creates 
a water seal and thus ensures continence (29).

Therefore, the pathophysiology of PPI is multifactorial and includes bladder dysfunction and sphincter dysfunction, either alone or in combination. In addition, overflow 
incontinence has been reported to account for a small percentage of PPI ( 30). Controversy, however, abounds as to the precise mechanism of urinary continence post 
RP. A recent report described distal sphincter sensory fibers originating from the dorsal nerve of the penis that may constitute the afferent pathway for normal DUS 
function. The close proximity of these nerves to the prostatic apex, therefore, may result in injury during RP ( 31). However, several reports have indicated poor 



correlation between the number of neurovascular bundles spared during RP and postprostatectomy continence rates ( 2,31).

Continence-Preserving Techniques

Despite reports indicating that fewer than 10% of patients who undergo RP experience PPI, investigators have described modifications to the anatomic RP in the hope 
of achieving better urinary continence post RP ( 32,33,34,35 and 36). In this regard, preservation of one or both neurovascular bundles has not been shown to have a 
significant influence on PPI (3). In addition, bladder neck sparing, as well as bladder neck tubularization techniques, has been reported to produce shorter times to 
continence after RP; however, the long-term outcome in PPI was no different when compared to patients in whom bladder neck tubularization or preservation was not 
performed (32,33,34 and 35). Puboprostatic ligament preservation has also been shown to improve the rapidity with which continence returns post RP, but the overall 
continence rates when compared to patients in whom the puboprostatic ligaments were not preserved was no different ( 36). Furthermore, rates of PPI have been 
reported to be similar in patients undergoing retropubic versus perineal prostatectomy ( 37,38 and 39). PPI, however, has been reported to be higher in patients who 
have undergone RP after radiation therapy for prostate cancer, which is thought to induce sphincteric or neurologic injury in addition to adversely affecting bladder 
compliance (40).

Continence Recovery Period Postradical Prostatectomy

In general, by the first postoperative month, 20% of patients will have achieved urinary continence; thereafter, 50% of patients are continent by 3 months; 66% by 6 
months; and, by 12 months, between 70% and 90% of patients are continent. In the second postoperative year, a further 5% of patients reportedly regain continence. 
Therefore, in general, surgical intervention is delayed for at least 6 to 9 months, depending on severity of symptoms during the first postoperative year. The reason for 
this prolonged recovery period in some patients is not fully apparent; suffice it to say that once the mechanism of urinary continence after RP is understood, then 
reasons for longer recovery periods in some patients might be explained.

Evaluation of Postprostatectomy Incontinence

The multifactorial nature of PPI makes it essential to perform urodynamic studies in patients with bothersome incontinence after RP, especially in those patients in 
whom symptoms persist beyond 6 to 12 months. In view of the fact that lower urinary tract symptoms are nonspecific, urodynamic studies are the only means to 
differentiate various causes of PPI. It is important to rule out BOO as well as reduced compliance, especially in those patients who are being considered for surgical 
intervention.

The treatment of PPI is dependent on the clinical and urodynamic findings, as well as on patient wishes and expectations. Therapy may be pharmacologic, behavioral, 
or surgical, depending on the cause of PPI, as well as on the patient's perception of his symptoms. Although some patients may hardly be bothered by mild SUI and 
the need to wear incontinence pads, other patients may be extremely bothered by even the slightest degree of urinary incontinence.

Clinical History and Physical Examination

The evaluation of PPI should include a full history and physical examination, paying particular attention to degree of bother, presence of irritative voiding symptoms, 
medication history, past medical and surgical history, as well as a full neurologic history. Nighttime and daytime incontinence suggest the possibility of an overactive 
bladder but may also be due to BOO or detrusor underactivity's resulting in overflow incontinence.

Preexisting risk factors for PPI should be ascertained, such as pelvic external beam radiotherapy, transurethral prostatectomy, DI, previous pelvic surgery, lumbar 
spondylosis, urethral stricture disease, diabetes mellitus, and preexisting neurologic diseases ( 30). A prospective study reported that 27% of patients who complained 
of PPI were incontinent before RP (41). Furthermore, the natural history and duration of PPI need to be carefully documented, keeping in mind that although PPI 
resolves in the majority of patients by one year, incontinence may take up to 2 years to improve in some patients.

Cystoscopy

A diagnosis based on history and examination needs objective confirmation, usually with a urethroscopy and urodynamic study. Anastomotic strictures, foreign bodies, 
and retained sutures can all be confirmed at the time of urethroscopy. In addition, urethroscopy is useful with respect to determining whether a patient is an 
appropriate candidate for collagen therapy ( 42).

Urodynamic Testing

The role of urodynamic evaluation is to distinguish between detrusor and sphincteric causes of incontinence ( 43). During the cystometry phase of the urodynamic 
study, compliance and cystometric capacity are measured, and DI may be noted. During the voiding phase of the study, detrusor pressures are measured, which 
might point to the presence of BOO or detrusor muscle failure. When detrusor and urethral pressures are simultaneously measured, the exact site of the obstruction 
can be recorded (44). Urethral pressure profilometry records resting urethral pressure, as well as maximum voluntary contraction pressure at the external sphincter 
during pelvic floor contraction and functional urethral length. Furthermore, the clinical sign of urinary incontinence with Valsalva maneuver (SUI) can be elicited in the 
urodynamics laboratory, and, at the same time, ALPP can be measured to gauge the severity of ISD in patients with SUI ( 45).

Treatment of Postprostatectomy Incontinence

Once the etiology of PPI has been defined, appropriate therapy can be entertained. Two general principles should be borne in mind. First, noninvasive therapy should 
generally be attempted initially, during which time the physician will have an opportunity to establish a relationship with the patient and to gauge severity and natural 
history of the patient's incontinence. Second, although in most patients continence post RP is achieved within 1 year, approximately 5% of patients fail to achieve 
continence by 1 year but do improve in the second year. Therefore, if a patient has the impression that his continence is improving, it is prudent to hold off with 
invasive procedures until such time as the condition stabilizes. However, very severe stress and gravitational incontinence that have been present for 12 months post 
RP are hardly likely to show significant improvement during the second postoperative year.

Behavioral Therapy

Behavioral biofeedback therapy is appropriate in patients with sphincteric incontinence and in patients with overactive bladders ( 46). In this regard, timed voiding, 
fluid restriction, and pelvic floor exercises may improve symptoms and at the same time give the patient the moral support he needs during this difficult aspect of the 
recovery period.

Pharmacologic Therapy

Pharmacologic agents can be used in combination with behavioral therapy and are appropriate in patients with symptoms of overactive bladders. Anticholinergic 
agents are the mainstays of drug therapy for overactive bladders but require at least 6 to 8 weeks of therapy to take effect. Some patients with overactive bladders 
benefit from selective a-receptor blocker therapy, especially in those patients with a degree of BOO that has been shown to increase the density of a-adrenoreceptors 
(47).

Electrostimulation

Electrostimulation, which theoretically improves tonic activity and strength of pelvic floor muscles, has been extensively investigated in incontinent patients. 
Unfortunately, the results have been disappointing and the technique is rarely used today ( 48).

Urethral Bulking Agents

After conservative measures fail to produce significant improvement in PPI, more invasive measures should be recommended. The role of bulking agents (collagen, 



fat, and polytetrafluoroethylene paste) is to increase resistance to urine outflow by enhancing the urethral mucosal seal in the region of the intrinsic sphincter.

Bovine glutaraldehyde cross-linked collagen, a biocompatible substance that does not cause a foreign body reaction, has recently been introduced as an injectable 
bulking agent (42,49,50). Collagen can be injected in retrograde or antegrade fashion, and reports indicate that between 20% and 70% of patients are either dry or 
significantly improved (42,49,51). However, patients require a mean of 4.4 injections to achieve acceptable continence at considerable cost. Moreover, those patients 
with anastomotic strictures requiring incision and those patients who have undergone external beam radiotherapy respond poorly to collagen therapy.

There appear to be few side effects with collagen therapy, and at present there are no reports of glutaraldehyde cross-linked collagen particles migrating. Collagen 
injection into the external sphincter, however, can cause extreme discomfort. The incidence of hypersensitivity is 2% to 5%; therefore, all patients must undergo 
hypersensitivity testing with a prepackaged syringe containing 0.1 mL of collagen. There are, however, isolated case reports of patients experiencing delayed 
hypersensitivity to collagen (52,53). Although comparable continence rates with polytetrafluoroethylene (Teflon) paste have been reported, migration of 
polytetrafluoroethylene particles has been described, and for this reason polytetrafluoroethylene is no longer widely used ( 54). An important consideration with 
respect to collagen use is cost, especially in view of the fact that most patients require three to four injections. The estimated Medicare cost of each outpatient 
(general or spinal anesthesia) injection of collagen is $4,300. Therefore, collagen potentially has a similar cost to artificial genitourinary sphincter placement ( 55).

Artificial Genitourinary Sphincter

Prosthetic devices for the treatment of PPI have been in existence for more than three decades. The earliest devices attempted to restore continence by passive 
bulbourethral compression, but this pressure was difficult to control, and these devices encountered problems with persistent incontinence due to inadequate 
pressure and urethral erosion to excessive pressure ( 56). Scott implanted the first reliable artificial urinary sphincter in the early 1970s ( 57). This device (AS 700 
series), was able to deliver a constant physiologic pressure to compress the urethra and was also designed to open, allowing for bladder emptying. However, constant 
cuff pressure during the postoperative healing period has led to an unacceptably high rate of cuff erosion. Therefore, the device was improved by incorporating a 
deactivation mechanism whereby the cuff was activated 6 to 8 weeks after implantation. This device, the American Medical Systems-800 Artificial Genitourinary 
Sphincter (AGUS), was associated with a significantly lower complication rate and has been in use since 1982 ( 58).

Candidates for AGUS placement require careful urodynamic evaluation to determine their suitability for this procedure. Cystometry to measure cystometric capacity 
and compliance and to exclude DI and voiding studies to exclude significant BOO should be performed ( 59). The ideal candidate for an AGUS is a patient with 
bladder compliance higher than 25 mL per cm H2O, cystometric capacity greater than 200 mL, and the absence of DI. Patients with DI, however, can be treated with 
an anticholinergic agent and then reevaluated to gauge their response. On rare occasions, bladder augmentation may be contemplated to improve cystometric 
capacity and compliance before sphincter placement; however, these patients usually have experienced significant lower urinary tract symptoms before RP and may 
represent a subset of patients who are poor candidates for RP in the first place.

Anastomotic strictures that require incision should remain open for at least 3 months before implantation and should easily accept passage of at least a 14-French 
catheter.

Patients with skin excoriation or severe dermatitis should have an indwelling Foley catheter for several weeks to reduce the bacterial count on the skin and to allow 
the skin to heal. Furthermore, patients who lack basic cognitive skills or manual dexterity are also poor candidates for artificial sphincter placement.

Published reports indicate that 90% of patients are significantly improved, whereas 83% of patients are reported to be clinically dry ( 59). However, fully one-third of 
patients requires surgical revisions for problems related to cuff compression, tubing kinks, cuff links, and other malfunctions. We believe that in view of the 
effectiveness of the AGUS, the device is relatively underused for PPI and that far more patients could and should benefit from this treatment.

Anastomotic Strictures Postradical Prostatectomy

The combination of an anastomotic stricture and SUI post RP requires careful and judicious management. Our study highlighted a relatively high incidence of outlet 
obstruction due to anastomotic strictures that may play a significant role in augmenting continence. Therefore, the need to manage anastomotic strictures in patients 
with PPI judiciously cannot be overemphasized because of the possibility of exacerbating the patient's symptoms. In this regard, the recommended treatment is gentle 
urethral dilatation in a controlled environment and then possibly proceeding to clean intermittent catheterization if the anastomotic stricture recurs within a relatively 
short time period.

Patients with very severe anastomotic strictures, usually a complication of anastomotic distraction by pelvic hematoma formation, may be candidates for wide stricture 
incision and artificial sphincter placement ( 60). In this subset of patients, the intrinsic sphincter tends to be replaced by fibrous tissue, resulting in significant and 
irreversible ISD.

Male Slings

Based on the success of vesicovaginal sling procedures in women for SUI, sling procedures have been carried out in male patients with PPI ( 61). Schaeffer and 
associates reported their results recently with a male bulbourethral sling that uses bolsters placed beneath the bulbar urethra to form a sling ( 62). In a series of 64 
patients, they reported that 36 patients (56%) were dry, whereas five patients (8%) were significantly improved. Urodynamic studies were performed postoperatively to 
determine whether these patients had urodynamic features of bladder outflow obstruction. Although Valsalva LPP was significantly increased, there was no evidence 
of obstruction when preoperative pressure flow studies were compared to postoperative studies ( 63). Clearly, more investigation of male slings is required before 
these procedures become widely practiced.

Other Treatment Options

Finally, other treatment options, such as the condom catheter, penile compression devices (Cunningham clamp), and incontinence briefs, may prove to be appropriate 
in those patients in whom all else fails, as well as in patients in whom more invasive options are precluded by co-morbidities. Suffice it to say that in this latter 
category of patients, the penile clamp may have devastating sequelae if not managed appropriately.

POSTRADIOTHERAPY URINARY INCONTINENCE

Apart from disease progression with time, the most feared long-term complication of RP is urinary incontinence. Therefore, an appealing aspect of brachytherapy, 
apart from the minimally invasive nature of this technique, is the low rate of significant side effects. McCammon and associates compared the quality of life among 
patients with prostate cancer treated with external beam radiotherapy or RP. Although only 32% of the RP patients claimed no incontinence at all and 24% of patients 
used pads after surgery, 71% of patients who underwent radiotherapy reported no incontinence, and only 9% of this group required pads ( 64). Published studies 
report an incidence of postbrachytherapy incontinence of 0.0% to 12.9% ( 65,66). Ragde and associates reported a 5% risk of urinary incontinence in a study with a 
7-year follow-up (67). More recently, Benoit and associates reported a 6.6% incidence of incontinence in a study involving all men in the Medicare population who 
underwent brachytherapy in 1991. In this study, only four patients (0.2%) underwent placement of an AGUS for urinary incontinence, and a further five patients 
underwent construction of a colostomy for prostatic rectal fistula ( 68).

Despite potentially serious side effects of radiotherapy, several reports indicate that salvage and adjuvant external beam radiotherapy are fairly well tolerated. In 
general, 10% to 15% of patients experience short-term complications of increased bowel and bladder irritability, but fewer than 5% of patients experience long-term 
morbidity related to lower urinary tract function ( 69,70). Furthermore, prospective long-term studies have found that salvage and adjuvant external beam radiotherapy 
do not significantly influence urinary incontinence ( 70). Diabetes mellitus, however, has been shown to be an independent predictor for late genitourinary and 
gastrointestinal complications after external beam radiotherapy. Given the high frequency of diabetes in the elderly prostate cancer population, physicians may 
consider treatment modifications for this group of patients ( 71).

Persistent urinary symptoms after radiotherapy (external beam and brachytherapy) for prostate cancer, although uncommon, present a therapeutic challenge. 
Reduced cystometric capacity and compliance, as well as outlet changes such as bladder neck stenosis and urethral stricture, should be borne in mind when 
managing this subset of patients. Urge urinary incontinence is generally managed by a combination of behavioral and anticholinergic therapy but unfortunately may 



prove to be resistant to this combination. Furthermore, persistent obstructive symptoms postbrachytherapy may require outlet surgery in the form of a bladder neck 
incision or transurethral resection of the prostate, which is associated with a significant reported incidence of stress and gravitational incontinence ( 72).

In addition, irradiated surgical fields present unique challenges with respect to tissue healing and infection after prosthetic surgery. Radiotherapy is known to increase 
the likelihood of nonmechanical complications, especially infection and cuff erosion. Extreme care must therefore be taken so that avoidable iatrogenic factors, such 
as improper urethral catheterization and endoscopic manipulation with an activated American Medical Systems-800 device in situ, are not the cause of failure (73).

CONCLUSION

The recent dramatic increase in the incidence of patients undergoing RP and radiation therapy for prostate cancer has resulted in increasing numbers of patients with 
morbidity related to voiding dysfunction. Although many patients regain their continence with time, a subset of patients will have persistent problems and will continue 
to challenge the therapeutic armamentarium of the urologic surgeon. Appropriate therapy can only be offered once the nature of the urinary symptom has been fully 
elucidated, which means that urodynamic studies are necessary in a significant subset of patients. Unfortunately, at present there is no therapy that is universally 
effective. In the future, the causes of urinary incontinence after RP and radiation therapy need to be better defined, and then it is hoped that we will be able to avoid 
this devastating complication.

ERECTILE DYSFUNCTION

RP rates have increased dramatically since 1989, particularly in younger men. This trend is due largely to increased detection. Perhaps because men seeking 
treatment are younger, there has been an increased interest in therapies that preserve sexual function. Nerve-sparing RP, first described in 1983, has become the 
standard surgical therapeutic modality for clinically localized prostate cancer ( 74).

Neurovascular bundle preservation has been associated with early return of sexual function in some men. Initial reports indicated that nerve-sparing surgery resulted 
in preservation of erectile function in more than 80% of patients ( 75). More recently, however, preservation of erectile function has been reported to be less than 20% 
after RP (10). A multicenter patient self-reporting questionnaire on impotence, incontinence, and stricture formation involving 1,069 patients found that the overall 
incidence of erectile dysfunction post RP was 88% (10). Similarly, Zimmern and associates reported that although 42% of patients were potent post RP, approximately 
half of these patients categorized their erections as weak or unpredictable ( 76). Stamey and associates reported that when patients were questioned about erectile 
function by individuals other than their physicians, potency was preserved in 32% of patients when both nerves were spared, whereas unilateral preservation of 
nerves resulted in 13% of patients reporting post-RP erections. If neither right nor left neurovascular bundle was spared, only 1% of patients reported being potent 
postoperatively (77). Furthermore, only one-half of men engaged in sexual activity more frequently than once a month after RP. Smaller series from community 
centers have also reported less favorable outcomes with regard to preservation of sexual function ( 78).

Patient self report in retrospective analyses has generally demonstrated lower rates of preservation of sexual function than in physician-generated analyses of erectile 
dysfunction post RP. Fowler and associates reported on more than 1,000 Medicare patients in a national sample who responded to queries about erections ( 79). 
Approximately 40% reported partial or full erections postoperatively. Because these were Medicare patients, this was an older population who might be expected to be 
less active sexually. Nevertheless, loss of sexual function has been found to be not particularly bothersome to the majority of patients post RP, the majority of whom 
indicates feeling positive about the results of surgery (81%) and 89% of whom indicate that they would choose surgical treatment again ( 10,80).

In addition to preservation of neurovascular bundles, other factors probably play important roles with respect to potency after RP. Quinlan and associates reported 
postoperative potency in 68% of men undergoing nerve-sparing RP and found that factors that correlated with early return of sexual function were age, and clinical 
and pathologic stage (81). Of men age 50 years and younger, 90% had return of erections whether nerves were spared unilaterally or bilaterally ( 81). Catalona and 
associates supported this concept in their report of a large cohort of patients who underwent RP for clinically localized prostate cancer ( 82). In this series of 1,870 
men, they reported recovery of erections in 68% of men undergoing bilateral nerve-sparing procedures and 47% of men with unilateral nerve-sparing procedures. In 
addition, they reported that better post-RP potency results were achieved in younger men with organ-confined disease. Potency was preserved in 90% of men who 
underwent bilateral or unilateral nerve-sparing surgery treated in the 40s, 80% in their 50s, 60% in their 60s, and 47% in their 70s ( 82). Another reason younger men 
may do better in preserving sexual function postoperatively is that they may often have better prognostic features and less advanced cancers, allowing better 
preservation of the neurovascular bundles.

Talcott and associates, however, reported no apparent benefit of unilateral preservation of cavernosal nerves over non-nerve-sparing surgery ( 83). They evaluated a 
cohort of 279 men to assess complications of therapy for early prostate cancer. In this prospective study, patients completed self-reporting questionnaires regarding 
quality of life before therapy and at 3 and 12 months afterward. Erectile dysfunction that was present in one-third of men pretreatment was nearly universal at 3 
months after surgery, and, at 12 months after surgery in this study, most men reported inadequate erections.

The mechanism of erectile dysfunction after RP is generally believed to be neurologic injury. However, Aboseif and associates have shown that 40% of men have 
arteriogenic impotence after RP, thus indicating that injury to cavernosal nerves is not the only cause of erectile dysfunction post RP ( 84). It has been postulated that 
injury to the accessory pudendal artery at the time of RP may be a cause of erectile dysfunction. This artery was carefully identified and preserved in 79% of 33 
patients who underwent RP for clinically localized prostate cancer. Potency rates were found to be similar in men with or without preservation of accessory arteries; 
routine preservation was therefore deemed not to be productive because of associated bleeding encountered at the time of attempted preservation of this artery ( 85).

In general, the literature indicates that less than half of men undergoing nerve-sparing RP will be satisfied with their erections postoperatively, which translates into 
significant numbers of patients who are potentially candidates for therapy of erectile dysfunction after RP.

Treatment Options

Even with nerve-sparing techniques, recovery of erections may take weeks to months and, in certain cases, several years. Therefore, erectile dysfunction therapy 
should be offered to patients so that they may resume sexual activity in the interim. In general, these patients can be successfully treated with either sildenafil, penile 
injection therapy with vasoactive medication, or the vacuum erection device (VED). The penile prosthesis, on the other hand, is generally reserved for those patients 
who fail more conservative measures, are impotent before RP and have already failed conservative measures, as well as for those patients who prefer a prosthesis 
over sildenafil, injection therapy, and the VED.

One hypothesis holds that prolonged intervals of diminished penile cavernosal blood flow can result in irreversible hypoxic damage. Montorsi and associates treated 
postradical nerve-sparing prostatectomy patients with three weekly intracavernosal injections of prostaglandin under the assumption that pharmacotherapy would 
increase cavernous oxygenation, avoiding the hypoxia-induced damage related to the early postoperative absence of spontaneous erections ( 86). Normal erection 
recovery rate was 67% in the treated group versus 20% in controls. Regardless of whether intracavernous prostaglandin is given early or late to men after RP, it is 
highly efficacious, even when the non-nerve-sparing approach is used.

Prostaglandin has also been delivered transurethrally. Costabile and associates studied post-RP patients with erectile dysfunction and determined that 40% achieved 
erections sufficient for intercourse with intraurethral prostaglandin E 1 (PGE1) (87). Many of these patients also reported urethral pain or burning that may be due to 
postoperative sensitization of corporal nerves or increased retention of PGE 1 as a result of dorsal venous ligation during surgery.

Oral therapy (sildenafil) for erectile dysfunction has become first-line therapy for most patients. Although overall efficacy has been reported in the range of 70% in 
patients with ED of all causes, Zippe and associates reported that in 80% of men, postbilateral nerve-sparing RP had a positive response ( 88). However, this study 
only included 15 patients. No patients who had undergone non-nerve-sparing surgery responded to sildenafil. A recent study by Zippe and associates showed that the 
presence or absence of the neurovascular bundles influenced the ability to achieve vaginal intercourse. In the patients who had undergone bilateral nerve-sparing 
RP, 71.7% (38 of 53) responded to sildenafil, and, among those with unilateral nerve-sparing RP, 50% (6 of 12) responded to sildenafil, whereas only 15.4% (4 of 26) 
who underwent non-nerve-sparing RP responded. This study also showed that the response to sildenafil was not related to the interval between surgery and initiation 
of drug therapy but was rather related to dose ( 89). Furthermore, 71% of patients required titration of the dose of sildenafil from 50 to 100 mg for a positive response 
(89). In general, the majority of patients with good erectile function before RP who became dysfunctional after RP experienced a good response to sildenafil, 
especially those patients who underwent bilateral nerve-sparing surgery.



Penile injection therapy is the most effective therapy for neurogenic impotence and least effective for vasculogenic impotence, and, therefore, the majority of patients 
with adequate erectile function before RP responds well to injection therapy. This mode of therapy is preferred by younger patients over the VED and in general by 
patients who experience erectile dysfunction after RP.

Khoudary and associates recently reported total sexual rehabilitation in men undergoing RP for prostate cancer ( 90). Simultaneous placement of a penile prosthesis 
during RP was reported in 50 patients and found to result in early return to sexual function without apparent increase in morbidity. However, with the introduction of 
sildenafil, simultaneous placement of penile prosthesis at the time of RP is likely to be received with less enthusiasm by patients and physicians alike.

Erectile Dysfunction after Radiation Therapy

Radiation therapy, even with new conformal techniques, has been associated with impairment of erectile function. In general, external beam radiotherapy to the pelvis 
is associated with erectile dysfunction in 30% to 60% of patients. Classically, erectile dysfunction begins months after completion of therapy. Radiation injury to the 
corporal epithelium and trabecular smooth muscle results in venous leak, and arterial inflow appears to be unchanged ( 91,92).

Turner and associates prospectively evaluated 290 men who were treated with radiation for localized prostate cancer. At 12 months after treatment, 62% were still 
able to obtain satisfactory erections. This percentage deteriorated to 41% at 24 months ( 93). Fowler and associates reported that 23% of radiated men younger than 
age 70 years complained of erectile dysfunction versus 56% who underwent surgery ( 94). Litwin evaluated 438 men who underwent radiation or surgery and found 
that sexual function improved over time in both groups during the first year but deteriorated in the radiation group during the second year, while continuing to improve 
in the surgery group (95).

Because of the association of erectile dysfunction with external beam radiotherapy, this modality should be discouraged for use in benign conditions of the pelvis.

Therapy in patients with erectile dysfunction after radiation therapy is challenging because of the fact that tissue healing may be impaired and patients may be prone 
to infection. Furthermore, corporal fibrosis may result in inadequate responses to injection therapy.

CONCLUSION

Sildenafil has dramatically changed the way erectile dysfunction post RP is managed. For those patients who fail with sildenafil, other options are available. Further 
progress in pharmacotherapy is anticipated, which may result in these other options' being used less frequently in the future.
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INTRODUCTION

The delivery of radiation therapy to the pelvis during the course of treatment of prostate cancer can inadvertently injure neighboring nonneoplastic tissue. This chapter 
outlines the potential injuries to the gastrointestinal tract and treatments to alleviate the symptoms these injuries cause.

PATHOPHYSIOLOGY OF INJURY

The cells of the gastrointestinal tract are very sensitive to the effects of radiation. There are acute and chronic effects of radiation on the bowel. During the delivery of 
radiation therapy, the mucosal cells of the bowel are acutely injured directly and indirectly, resulting in a leakage of fluid and electrolytes into and out of the cells, crypt 
cell damage, and mucosal slough. Visibly, this results in edema and ulceration of the bowel mucosa. The further lack of regeneration of epithelial cells perpetuates 
this injury and exacerbates the symptoms. The symptoms of acute radiation injury to the bowel include abdominal cramping, diarrhea, mucous discharge, bleeding, 
tenesmus, urgency, and fecal incontinence (1,2). Although these symptoms occur in nearly all patients receiving radiation therapy to the pelvis, most experience 
resolution within 2 to 3 months of completion of the radiation therapy ( 3).

The chronic effects of radiation to the bowel, although less common than the acute effects, are more troubling because of the difficulty in treating the symptoms they 
cause. This late radiation injury to the bowel results from progressive occlusive endarteritis and diffuse collagen deposition within the bowel wall, causing bowel 
ischemia (4). The ischemia results in telangiectasias, necrotic ulcers, strictures, and fistulas ( 5).

The late sequelae of radiation injury to the bowel have been reported to occur in 5% to 12% of patients who receive radiation to the pelvis. This chronic injury and the 
symptoms it causes, however, often do not develop for months to years after completion of the radiation ( 3,6,7). The chances of developing chronic radiation injury to 
the bowel increases with several factors. Technically, the risk of injury increases with an increased total dose and dose per fraction of the radiation ( 8). One study 
reports no chronic effects of radiation in patients who underwent less than 40 Gy of radiation but injury in 20% of patients who received 60 Gy and injury in up to 60% 
of those patients who received 70 Gy (9).

The risk of late effects of radiation injury to the bowel varies not only with technical factors of the delivery of the radiation but also with patient variation. Situations that 
make patients more vulnerable to ischemia increase their risk of chronic radiation injury. This includes co-morbidities such as diabetes, hypertension, and increased 
patient age. Previous radiation to the pelvis or previous pelvic surgery that immobilizes loops of bowel in the pelvis also increases the risk of injury ( 7).

Symptoms

The symptoms of chronic radiation injury to the bowel vary according to the bowel affected and the degree of injury. Radiation injuries to the small bowel occur most 
often to the terminal ileum, especially in cases of previous pelvic surgery. The symptoms can range from diarrhea and bleeding to obstruction, leading to fistulization 
or perforation.

The rectum, owing to its proximity to the prostate and its fixed position within the pelvis, is the most common segment of bowel injured during pelvic irradiation ( 10). 
The symptoms range from bleeding proctitis to obstruction and fistulization from strictures. Some patients also suffer from fecal incontinence. The etiology of fecal 
incontinence is multifactorial, combining the poor compliance of the stiff rectum with an unmasking of poor sphincter tone or radiation injury directly to the pelvic 
nerves (11). Whether there is any direct effect of the radiation on the anal sphincter is controversial, with a recent study from Birnbaum et al. refuting such injury ( 12).

Diagnosis

The diagnosis of radiation injury to the bowel is determined via history and physical examination often in combination with endoscopy or radiographic studies, or both. 
During acute injury, the patients are often currently undergoing radiation therapy, although most patients do not suffer symptoms until they have received a minimum 
of 30 Gy (3). Endoscopy in this situation reveals hyperemia and mucosal edema.

When taking patient history, the majority of patients suffering from chronic effects of radiation injury to the bowel describe an onset of symptoms within 6 to 24 months 
of their radiation therapy; the remaining 15% describe the passage of many years since their treatment. In the case of proctitis, endoscopic findings have been graded 
into three stages. Stage one reveals vascular congestion and friable mucosa; stage two shows ulcerative, thickened mucosa with exudate; and stage three reveals 
ischemia, endarteritis, and necrosis ( 13). Other endoscopic findings include telangiectasias and ulcers. When diagnosing strictures, a digital rectal exam may reveal 
anal stenosis or a fixed pelvis, whereas endoscopy can reveal a noncompliant rectum with a fibrotic narrow lumen. Small bowel series can depict areas of stricture, 
dilatation, and fistulization. Barium enemas demonstrate shortened and narrowed bowel with or without strictures. Patients with fecal incontinence can also be 
evaluated with anorectal manometry and nerve studies.

TREATMENT OF RADIATION INJURY TO THE BOWEL

Treatment of Acute Injury

The treatment of the acute effects of radiation on the bowel are mainly supportive. Patients are rehydrated, fed a low-residue diet, and given antidiarrheals. 
Occasionally, patients are treated with oral or topical 5-ASA products, steroids, or sucralfate. For refractory symptoms, patients may need a temporary cessation of 
treatment.

Treatment of Chronic Injury

Although the symptoms caused by the chronic effects of radiation therapy occur in far fewer patients than the symptoms of acute injury, they are much more 
problematic to treat. In fact, because there is no perfect treatment for the symptoms of chronic radiation injury to the bowel, there are many treatments described. The 
success rate of most of these treatments alone can be lower than desired, requiring the trial of many forms of therapy for any one patient, beginning with the least 
invasive and moving to more invasive. Up to 20% of patients require operative intervention ( 3).



Treatment of Chronic Injury to the Rectum

Treatment of Bleeding Radiation Proctitis

The first effort to treat the injured mucosa in bleeding from radiation proctitis is to apply topical medication. Medications used include steroids, 5-ASA, and sucralfate. 
Steroid preparations consist of a 10% solution of hydrocortisone in an enema or foam solution that is delivered anally and retained overnight. The medication is 
usually tapered, because an abrupt withdrawal of the therapy can result in rebound bleeding. Topical 5-ASA, a treatment for ulcerative colitis, is usually delivered as a 
suppository or enema. Results unfortunately have not been very promising, with one series reporting only a transient benefit in one of five patients treated ( 14). 
Sucralfate, an aluminum hydroxide complex of sulfated sucrose often used to protect the gastric mucosa from acid damage, has been used in a ratio of 2 g in 20 mL of 
tap water delivered twice a day to treat the bleeding. In a series of three case reports, benefit was seen in each patient ( 15). Another topical therapy described is 
short-chain fatty acid enemas. Short-chain fatty acids, produced by bacteria in the lumen of the colon, are the primary fuel of colonocytes ( 16,17). Because of this, 
several groups have proposed treating the rectum directly by bathing it with short-chain fatty acids. Results have been mixed. One group reported a decrease in 
patients' bleeding but no endoscopic or pathologic improvement after the administration of a 60 mL enema containing 40-mM sodium butyrate twice a day, retained for 
30 minutes for 4 weeks (18). Another series, however, reported no significant improvement in a small group of patients in a randomized double-blind trial of butyric 
acid enemas versus placebo (19).

A recent and promising topical therapy for bleeding radiation proctitis is the application of 4% formalin directly against the affected mucosa. Described techniques 
vary from diffuse irrigation of all rectal mucosa to specific swabbing of affected mucosa. Bleeding has been reported to cease in up to 75% of patients ( 20). Several 
applications may be required and there is a risk of development of painful fissures ( 21).

The next treatment offered after failure of relief by topical therapy is to use some of the same medications in an oral form. This includes oral steroids, sulfasalazine, or 
sucralfate. The theory here is that systemic medication might provide a more effective delivery of the medication to the damaged area in patients who may not be able 
to retain the topical medication. Results, again, however, have not been overly successful ( 22,23).

A less frequently used noninvasive form of treatment is hyperbaric oxygen. In one brief report, a 60% response rate was described ( 24).

If the desired response is not achieved with topical or oral medications, then more invasive options often are tried. This includes endoscopic laser ablation of the 
damaged mucosa. Because of the increased risk in this type of therapy, it is often reserved for patients whose blood loss is symptomatic enough to require blood 
transfusion. The lasers used, neodymium:yttrium-aluminum-garnet and argon, aim to superficially treat the mucosa, although there is risk of ulceration. Despite the 
initial decrease in bleeding seen in up to two of three of patients, the bleeding can recur and the treatment often has to be repeated ( 25,26,27 and 28).

Those patients with significant bleeding that does not respond to any of the previously mentioned treatments are faced with the option of surgical intervention. 
Surgical options range from simple diversion, which may not stop the bleeding 20% to 40% of the time ( 29,30), to resection with a stoma or resection with a primary 
anastomosis. Morbidity and mortality rates are high, reported from 12% to 65% and 0% to 13%, respectively. Risks involved include bleeding, and ureteral and other 
injury possible during complicated pelvic dissection and anastomotic leaks ( 27).

Treatment of a Rectal Stricture

Although some symptomatic rectal strictures can be treated by dilation, clinically significant strictures from radiation damage often respond only to surgical 
intervention. The simplest surgical option is to divert the fecal stream away from the stricture with a permanent stoma, being careful to use nonirradiated bowel to 
create the stoma (13). If the stricture is resected, then the decision about whether to reanastomose the bowel has to be addressed. In a technique popularized by 
Parks et al., the dissection to resect the stricture is carried down to the pelvic floor and the anastomosis is hand-sewn via the anus ( 31). The risk of complications is 
high, ranging from 25% to 50%. These include pelvic abscesses and anastomotic strictures. Even without such complications, the ultimate function from such a low 
anastomosis can be poor. Some patients experience overwhelming frequency, urgency, and even fecal incontinence. In one series, 25% to 37% of patients described 
disturbed continence after a coloanal anastomosis, and 15% required a permanent colostomy to obtain satisfaction ( 32,33). Even the surgical option of completely 
resecting the rectum and anus, creating a permanent colostomy, carries significant risk. In this situation, there is the risk of a nonhealing perineal wound. An option to 
avoid this is to dissect past the stricture, leaving a very short defunctionalized rectum and anus in place and avoiding the creation of a perineal wound.

Despite the risk of surgery in these patients, the severity of their symptoms and the scarcity of other options can leave patients with little choice. When surgery is 
necessary, adherence to certain principles can increase the success. One principle is to have an accurate preoperative assessment of the status of the original tumor 
and the extent of the radiation injury, including injury to other bowel or the urologic system. Assessment of the anal sphincter may help predict postoperative function. 
Attention should also be given to the patient's overall nutritional status ( 3). During the operation itself, principles such as using a midline incision to preserve all 
potential stoma sites and minimal mobilization to avoid potential injury to the bowel help avoid complications.

Treatment of Chronic Injury to the Small Bowel

The other area of bowel that can sustain chronic injury from pelvic irradiation is the small bowel. This occurs primarily in the area of the terminal ileum, particularly in 
patients who have adhesions from previous abdominal surgery.

Treatment of Diarrhea

Treatment of the diarrhea that results from chronic injury to the small bowel is aimed at supportive care as well as treating the etiology of the diarrhea. Patients are 
often placed on a low residue diet, antispasmodics, and antidiarrheals. If lack of bile salt reabsorption appears to be the problem, then patients often experience relief 
of their diarrhea by taking a binding resin, namely cholestyramine ( 34). For patients with bacterial overgrowth from stasis, a course of antibiotics often provides relief. 
For patients with significant malnutrition, enteral feeds or even parenteral nutrition can be used to improve their nutritional status.

Treatment of Strictures, Obstruction, and Fistulization

The degree of symptoms patients experience from a partial obstruction or fistula from a radiation stricture may respond to the medical treatment outlined earlier, but, 
after establishing adequate nutrition, some patients will require surgical intervention ( 35). Unfortunately, the surgical options for these patients carry morbidity and 
mortality rates of up to 65% and 45%, respectively ( 35). One difficult choice to be made when operating on a symptomatic stricture of the small bowel is whether to 
resect the stricture with a primary anastomosis or to simply bypass the strictured segment of bowel. There are no randomized studies attempting to answer this 
question. There is, however, much support for bypass operations, citing less morbidity, mainly from averting anastomotic leaks, and better symptomatic relief ( 36). 
Other studies, however, especially those published since improvements in parenteral nutrition and critical care have been made, support resection of strictures. 
Support is strongest for resection of strictures associated with bowel fistulas, as long as at least one limb of nonirradiated bowel is used in the anastomosis ( 37). In 
the unfortunate situation of a free perforation resulting from injury to small bowel, the creation of an ostomy is believed to be the safest course of action. Technically, 
when operating on radiation injury to the small bowel, gentle handling of the tissue and caution against overzealous enterolysis is indicated to avoid creation of more 
problems than are attempting to be fixed (38).

CONCLUSION

Although most patients suffer from acute injury to the bowel while undergoing radiation to the pelvis, these symptoms can often be successfully treated with careful 
medical management. Fortunately, symptoms from chronic injury to the rectum and small bowel are rare. For those patients who do suffer symptomatic injury, 
however, the treatment is often frustrating and vexing, as the effectiveness of many of the noninvasive forms of treatment are inconsistent, whereas surgical treatment 
carries a high risk of morbidity and mortality.
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INTRODUCTION

The increase in the number of patients diagnosed with prostate cancer from the late 1980s to the mid-1990s was larger than for any other solid malignancy. This 
increase is related to a variety of factors, including increased physician and patient awareness, development of the prostate-specific antigen (PSA) blood test, and the 
relative ease and accuracy with which the prostate gland can be biopsied. Recent data indicate that the number of patients who underwent radical prostatectomy (RP) 
from 1982 to 1992 increased by 100%, whereas the number of patients presenting with advanced disease during this time period declined by 60% ( 1).

This increase in number of patients diagnosed with clinically localized disease has resulted in prostate cancer management's assuming greater prominence among 
physicians and the lay public alike. Treatment options for patients with clinically localized prostate cancer, however, remain controversial. RP; radiotherapy, in the 
form of external beam radiotherapy or brachytherapy; androgen deprivation therapy (ADT); and watchful waiting (WW) are well recognized and generally accepted 
forms of therapy.

However, surgery and radiotherapy expose patients to a number of short- and long-term side effects that can be notoriously difficult to treat. Furthermore, local 
therapy for prostate cancer can be associated with significant failure rates, especially in those patients with poorly differentiated disease, high pretreatment PSA 
values, and clinically nonlocalized tumors (cT3) ( 2,3). Persistence of prostate carcinoma cells in the pelvis after primary treatment may ultimately lead to biochemical 
failure and subsequent clinical progression. Furthermore, adjuvant and second therapies are associated with significant morbidity and may prove to be ineffective in 
controlling progression of disease ( 4).

In most cases, the natural history of clinically localized prostate cancer involves a protracted clinical course, with clinical progression occurring several years after the 
initial diagnosis. This fact has contributed to the controversy regarding the management of low-stage prostate cancer. Aggressive local therapy in patients with a low 
risk of dying of disease has the potential to seriously adversely affect quality of life; nonetheless, potentially curative therapy should not be denied to patients with 
high risk of disease progression and subsequent death from prostate cancer. Therefore, the single most important aspect of avoiding inappropriate therapy and 
subsequent morbidity is patient selection. In this regard, only those men diagnosed with clinically localized prostate cancer who are in general good health, with a 
minimum life expectancy of 10 years, should be considered for definitive local therapy.

This overview discusses management of patients with low-risk prostate cancer and attempts to emphasize selection criteria for those patients who are most likely to 
benefit from a WW protocol.

NATURAL HISTORY OF PROSTATE CANCER

Opponents to prostate cancer screening point to the natural history of prostate cancer as a slow-growing disease with a prolonged subclinical course. Indeed, some 
reports indicate that most men demise with, but not of, prostate cancer. For example, George followed a cohort of 120 patients (mean age, 74.8 years; range, 62 to 90 
years) with localized prostate cancer. The local tumor increased to palpable dimensions in 100 patients (84%), but metastatic disease developed in only 13 patients 
(10%). Although five patients died of prostatic cancer, the disease was not responsible for 48 additional deaths ( 5).

On the other hand, the literature is replete with studies that contradict the apparent benign nature of prostate cancer. Gronberg and associates examined records of 
almost 7,000 men with prostate cancer detected in northern Sweden and compared their survival to an age-matched group ( 6). Relative survival of men with prostate 
cancer was only 45% at 10 years. Furthermore, the decrease in survival was greater in younger men and in those with higher-grade cancers. Patients diagnosed 
before the age of 60 years had an 80% risk of dying of prostate cancer, whereas those older than 80 years of age at diagnosis had less than a 50% risk of prostate 
cancer–related death. Overall, men with prostate cancer lost an average of 40% of their expected longevity.

Therefore, despite evidence that, in some patients, the diagnosis of prostate cancer is most likely insignificant and represents a low risk to longevity, the majority of 
patients diagnosed with prostate cancer probably has clinically significant disease, which by definition requires definitive local therapy if disease progression is to be 
prevented.

Prostate cancer, therefore, cannot be considered a uniformly benign neoplasm with an indolent course. Only a subset of patients with localized prostate cancer has 
low-risk disease that, if observed, would run an indolent and benign course.

DEFINING LOW-RISK PROSTATE CANCER

Low-risk prostate cancer can be defined according to the following:

Tumor grade and volume in stage T1 disease: 
Stage T1a (A1) disease
Stage T1c disease

Tumor grade and patient age

LOW-RISK PROSTATE CANCER—STAGE T1A DISEASE



In 1975, Jewett subdivided stage A prostate cancer based on observed differences in their clinical course into stage T1a (A1, focal) and stage T1b (A2, diffuse) 
disease (7). In this important article, he stated that stage T1a cancer, which by definition is both low grade and volume, should be left well alone, whereas stage T1b 
cancer should be treated. This surgical principle endures to this day.

Stage T1a prostate cancer denotes cancer not suspected clinically on digital rectal examination but detected on histologic examination of pathology specimens after 
transurethral resection of the prostate (TURP) or open prostatectomy and, therefore, usually occurring in the transition zone of the prostate. These tumors are low 
grade, not suspected clinically but rather found incidentally at TURP or open prostatectomy and comprising 5% or less of the total surgical specimen.

Incidence of Stage A1 Prostate Cancer

The number of patients undergoing surgery for symptomatic benign prostatic hyperplasia (BPH) has declined over the 1990s, owing to increased use of medical and 
minimally invasive therapy. Nevertheless, approximately 10% of patients who undergo prostatectomy for presumed BPH are found to have prostate cancer ( 8). The 
rate of cancer detection has been shown to be directly related to the volume of tissue examined. Moore and associates examined every chip of tissue submitted from 
TURP specimens and found prostate cancer in 25% of patients, whereas Murphy and associates found cancer in 17.2% of patients after analysis of all prostate tissue 
(9,10). It should be emphasized, however, that the vast majority of T1a and T2b cancers are diagnosed by analysis of the first 12 g of tissue, and, for that reason, 
most pathologists opt not to perform complete histologic analysis of the entire specimen.

Natural History of Stage A Prostate Cancer

Jewett's observations that the clinical courses of stage T1a and T1b disease differ have been corroborated by other authors. Cantrell and associates reported that 
only 2% of patients with stage T1a disease progressed when followed over a 4-year period ( 11). However, other investigators have reported higher rates of 
progression of stage T1a disease and in addition have pointed to the unreliability of TURP in defining stage T1a disease. Epstein and associates reported a 16% 
progression rate when patients with stage T1a disease were followed for 8 years ( 12).

Staging Error in Stage A Prostate Cancer

Variability in progression rates of stage T1a disease is related, at least in part, to the staging error. Zincke and associates pointed out that only 63% of patients with 
clinical stage T1a disease who underwent RP had pathologic stage T1a disease ( 13). Furthermore, 12% of patients with stage T1a disease were found to have 
pathologic stage T3 disease at time of RP (15). In addition, the Mayo Clinic experience showed that 26% of patients younger than 60 years of age with stage T1a 
disease progressed when followed for a prolonged period of time (mean follow-up, 10.2 years).

Larsen and associates studied 64 RP specimens of stage T1a prostate cancer. Although cancer was not detected in 6% of specimens, cancer was detected in 
minimal amount in 74% of specimens and in significant amount in 20% of specimens ( 14). Paulson and associates reported that 11 of 18 patients (61%) with stage 
T1a disease were upstaged to T1b and T3 disease after histologic analysis of the RP specimen ( 15). Voges and associates performed morphometric analysis on 44 
RP specimens performed for clinical stage T1 disease. In 32 patients (73%), unsuspected cancers unrelated to the TURP tumor were found in the RP specimen, of 
which 87% were non–transition zone tumors (16).

Predicting Progression—Tumor Grade, Ploidy, and Volume

Tumor grade and volume are generally believed to be important prognostic variables when defining stage T1 disease. However, experience has shown that 
approximately 50% of stage T1a tumors that progressed are low grade, and approximately 75% are low volume (less than 1%). Greene and associates reported that 
most cancers of transition origin are diploid, whereas the majority of cancers that arise in the transition are nondiploid ( 17). Borre and associates studied ploidy in 
patients diagnosed with prostate cancer by TURP or open prostatectomy and reported that flow cytometric–determined diploidy was associated with disease-specific 
survival (18). The role of DNA ploidy in staging prostate cancer is controversial; generally, DNA ploidy provides little additional independent information to 
conventional staging criteria ( 19).

Larsen and associates showed that TURP tumor volume and grade were not statistically correlated with residual tumor volume found in RP specimens. They reported 
that Gleason scores 2 to 4 versus 5 to 7 tumors on TURP showed no difference in predicting residual tumor or minimal versus significant tumor volume at the time of 
RP. They also showed that substantial tumor volume exists in approximately 20% of patients with clinical stage T1a prostate cancer ( 16). This residual tumor is 
located in the peripheral zone of the prostate and therefore is inaccessible with the resectoscope at the time of TURP.

Greene and associates reported the presence of an associated peripheral zone cancer in 12 of 13 patients who underwent RP for stage T1a disease ( 20). The grade 
of the peripheral zone tumor was frequently higher than that of the transition tumor resected at time of TURP, and, in addition, the peripheral tumors tended to be 
larger. These observations imply that the greatest threat to patients with stage T1a disease is the presence of a second peripheral zone tumor, which is often of a 
higher grade than the incidental tumor removed at the time of TURP ( 36).

Staging T1a (A1) Prostate Cancer

Repeat Transurethral Resection of the Prostate

The use of repeat TURP for assessing probability of disease progression is a controversial topic. Repeat TURP could potentially be used to upgrade the stage of T1a 
disease to T1b disease and, in the process, identify those patients requiring early definitive treatment. Lowe and Barry reported that patients without residual tumor at 
repeat TURP did not develop disease progression and therefore suggested that staging TURP for incidental stage T1a disease provided important prognostic 
information (21).

However, Ingerman and associates reviewed the records of 24 patients with stage T1a disease on initial resection who underwent repeat TURP. Three (13%) of the 
patients progressed despite the fact that residual disease was not detected in a single patient ( 22). Zhang and associates supported this data by their findings that 3 
of 38 patients without any evidence of residual cancer at repeat TURP developed disease progression, whereas only 3 of 12 patients with residual disease 
progressed (41).

Although available literature suggests that 10% of patients with stage T1a disease will be upstaged by repeat TURP, the significance of finding no residual disease is 
unclear, especially in view of the fact that disease progression is well described in this subset of patients. It is apparent that disease that is inaccessible at the time of 
the initial resection may be of a higher grade and volume than the tumor removed at initial TURP, and this unrecognized tumor determines the natural history of the 
disease. The majority of clinically significant prostate cancers arises in the peripheral zone, an area not amenable to tissue sampling with the resectoscope. 
Furthermore, Terris and associates have shown that a significant percentage of residual prostate cancers occur in the anterior fibromuscular stroma, as well as in the 
apical area. Once again, these areas are usually beyond the confines of the resectoscope in experienced hands ( 23). For this reason, it is generally believed that 
repeat resection does not effectively evaluate the risks of disease progression and has therefore largely fallen out of favor.

Transrectal Ultrasound of the Prostate

Transrectal imaging of the prostate has been proposed as a means of staging T1a and T1b disease. Grupps and associates prospectively reviewed the diagnostic 
accuracy of transrectal ultrasound (TRUS) in evaluation of incidental prostate cancers ( 24). They performed TRUS on 466 patients before prostatectomy and 
compared their results with the pathologic findings. Although TRUS correctly predicted tumors in 83% of patients, there was a significant discrepancy between stages. 
Only 3 of 21 patients with stages T1a and T1b were correctly identified by TRUS. Lee and associates correctly identified only 11 of 54 cases (20%) of residual 
transition zone cancer using TRUS alone ( 25).

Sheth and associates compared TRUS with pathologic examination of specimens obtained at TURP in 29 patients with clinical stage T1 disease ( 26). The overall 
sensitivity of TRUS was only 55%, and specificity was 37%. In seven patients, post-TURP scarring was reported as a hypoechoic lesion, and the authors therefore 
concluded that TRUS diagnosis of stage T1 disease was problematic. Egawa and associates reported that tumor size was an important factor with respect to 



determining the ability of TRUS to diagnose residual prostate cancer; none of the 54 lesions less than 0.1 mL in volume was identified by TRUS ( 27).

Magnetic Resonance Imaging

Carroll and associates evaluated the role of magnetic resonance imaging (MRI) for monitoring patients with low-volume cancer after TURP or open prostatectomy who 
subsequently underwent radical surgery ( 28). Seventeen patients underwent MRI scanning before undergoing RP, and the results of MRI scans were compared to 
pathology findings. For cancers originating in the peripheral zone, the overall sensitivity of detection was 80%. However, MRI proved to be unable to diagnose 
transition zone cancers. Prostate cancer in the transition zone was found to produce a heterogenous signal on T2-weighted images, which made visualization of 
low-intensity signals from prostate cancer difficult to discern. Endorectal coils have encountered similar problems in this regard, being unable to distinguish transition 
zone tumors from normal surrounding prostatic tissue (29). Furthermore, after TURP, the prostatic parenchyma has been found to give rise to a uniformly reduced 
signal that makes delineation of tumors from surrounding tissue problematic ( 30).

Although newer MRI techniques have yielded improved results and reduced interobserver variability, it must be borne in mind that MRI technology is expensive, 
accessibility is limited, and sensitivity still has not reached levels at which this technology can be comfortably used to accurately predict pathologic stage in patients 
with incidental prostate cancer (31).

Needle Biopsy of the Prostate

Transrectal needle biopsy of the prostate in patients with stage T1a disease has been well described by the Stanford group ( 25,32). Terris and associates reported 
the role of needle biopsy as an adjunct to TRUS and showed that needle biopsy improved ability to diagnose residual tumor ( 23). Diertick and associates found that 
needle biopsy core cancer lengths of 3 mm or more on one or two needle biopsies accurately predicted tumor volume of larger than 0.5 mL, thus implying that these 
tumors were by definition not clinically insignificant ( 34).

Serum Prostate-Specific Antigen Values in Stage A Disease

Most patients with stage T1a disease have normal serum PSA values at the time of TURP. Cohen and associates reported a mean serum PSA value of 2.3 ng per mL 
in patients with stage T1a disease, with more than 90% of such patients having a serum PSA value of less than 4 ng per mL ( 33). Belville and associates also 
analyzed serum PSA values in patients on WW protocols with a mean interval from diagnosis of 13 years. They found that 96% of patients recorded serum PSA 
values of less than 3 ng per mL, and nearly 60% had values less than 1 ng per mL ( 34). Voges and associates reported that post-TURP serum PSA values were 
elevated with increasing total residual cancer volume in the RP specimen ( 18).

Feneley and associates evaluated the role of serial serum PSA measurement after TURP in patients with stage T1a prostate cancer. They found that an incremental 
rise in serum PSA exceeding 20% per year yielded a sensitivity of 90% and specificity of 79% for biopsy-proven residual disease and concluded that serial PSA 
measurement (PSA velocity) could identify most patients with residual disease ( 35).

Although there are no currently available studies to examine the use of ratios between free and total serum PSA values in patients with incidental prostate cancer, 
free to total serum PSA ratios have been used in combination with needle biopsy findings in stage T1c prostate cancer to determine whether disease is potentially 
insignificant and therefore low risk ( 36). This subset of patients is discussed later in greater detail.

Tumor De-Differentiation in Stage A Prostate Cancer

Brawn reported that prostate cancer could de-differentiate with time, a finding that may have important implications with respect to WW protocols in patients with 
stage T1a disease, especially those patients in a younger age group ( 37). He analyzed 54 patients with stage T1a prostate cancer who underwent two TURP 
procedures, separated by a mean of 11 years, to establish whether histologic appearance of prostate cancer remained the same over a period of time. Brawn graded 
prostate cancer into four grades (grades 1 through 4) and reported that 73% of grade 1, 75% of grade 2, and 88% of grade 3 tumors dedifferentiated, which may 
partly explain the relatively high progression rates in some series of patients with stage T1a disease.

Progression of Stage A1 Disease

Zhang and associates followed 132 patients with stage T1a disease for 5 to 23 years; 13 patients (10%) had either progressed locally or systemically with long-term 
follow-up (38).

Similarly, Blute and associates reported disease progression in 4 of 15 patients (27%) younger than 60 years of age with stage T1a disease, followed for an average 
of 10.2 years, whereas Roy and associates noted disease progression in 3 of 14 patients (21%) with stage T1a disease when followed for more than 10 years ( 39,40).

Therefore, although at first glance stage T1a prostate cancer may appear to be a relatively innocuous disease, this is clearly not necessarily the case, and a blanket 
policy of WW for all patients with a diagnosis of stage T1a disease is obviously not an appropriate option. With this in mind, however, it is also important to note that, 
despite significant rates of disease progression in patients with stage T1a disease, mortality-related disease rates remain low.

Mortality in Stage A1 Disease

Brawn and associates reviewed 134 patients with stage A prostate cancer diagnosed between 1972 and 1986 at a single Veterans Administration Medical Center. 
The survival of patients with stages T1a and T1b disease was compared to a cohort of patients from the same institution with a diagnosis of BPH. Survival and tumor 
progression were similar for patients with stage T1a prostate cancer and for those patients with BPH in three age groups studied (younger than 65 years, 65 to 74 
years, and older than 74 years of age). Stage T2b disease, however, was associated with significantly worse survival rates ( 41). Thompson and associates reported a 
5% disease-specific mortality rate among 60 patients with stage T1a disease followed for a mean of 7.5 years ( 42).

Despite the fact that the Mayo Clinic experience showed that a relatively high percentage of patients with stage T1a disease have more advanced disease at time of 
RP, none of their stage T1a patients died of disease in the follow-up period ( 42).

Clearly, many (but not all) patients with a presumptive diagnosis of stage T1a prostate cancer do well with their disease. Despite the fact that there is biochemical 
evidence of disease progression, clinical progression may be absent and longevity unaltered by a slowly progressing tumor. Therefore, patient selection remains the 
key to avoiding unnecessary morbidity associated with curative therapy for early disease. This principle was enunciated succinctly by Whitmore, who stated, “In 
prostate cancer, is cure necessary in those in whom it is possible, and is cure possible in those in whom it is necessary?” ( 43).

LOW-RISK PROSTATE CANCER—STAGE T1C DISEASE

Although the incidence of stage T1a prostate cancer has declined, owing to current trends that prefer medical and minimally invasive therapy for patients with 
symptomatic BPH, during this same time period there has been a significant increase in the incidence of stage T1c prostate cancer.

The increase in the number of patients with clinically localized prostate cancer has been accompanied by an increased incidence in patient morbidity related to 
curative therapies. Physicians have therefore been prompted to investigate whether a subset of T1c prostate cancers poses little or no threat to the patient and might 
therefore be observed by a surveillance protocol ( 44,45,46,47,48,49 and 50).

In general, insignificant stage T1c prostate cancer is defined as low-volume disease (less than 0.5 mL) with a Gleason score of 6 or less. The frequency of 
insignificant stage T1c prostate cancer is reported to be between 6% and 30%. Despite the variation in reported incidence (likely due to variation in calculation of 
tumor volume), these percentages represent significant numbers of patients who are potential candidates for WW protocols.

D'Amico and associates have investigated the relationship between calculated prostate cancer volume and risk of progression. They reported that whereas only 15% 
of patients with a maximum tumor diameter of less than 1 mL progressed, patients with tumor volumes of 4 mL or greater had significantly higher rates of tumor 



progression, irrespective of the T stage of disease ( 51,52 and 53).

Epstein and associates studied 163 stage T1c RP specimens in which free to total serum PSA values were determined ( 39). In this study, insignificant prostate 
cancers were defined as organ confined, Gleason score less than 7 and tumor volume less than 0.5 mL. Of the tumors, 30% were found to be insignificant. The best 
model to predict preoperatively the presence of an insignificant tumor was a free to total serum PSA ratio of 0.15 or greater and favorable needle biopsy findings (less 
than 3 cores involved, in which no core had greater than 50% tumor involvement and a Gleason score of less than 7). Of 163 cases with stage T1c prostate cancers 
studied, almost one-third turned out to have insignificant disease, whereas 50% and 20% turned out to have moderate and advanced tumors, respectively.

Goto and associates evaluated the ability of commonly used diagnostic methods to predict the presence of insignificant T1c prostate cancer and found that a 
maximum cancer length of less that 2 mm in any core, combined with a PSA density of less than 0.1, predicted insignificant tumors in three-fourths of patients with 
these parameters.

Although Epstein and associates have reported an incidence of insignificant disease ranging from 17% to 30%, other authors have reported a much lower incidence 
of insignificant disease ( 39,52). Douglas and associates analyzed 67 stage T1c prostate cancers and reported insignificant disease in only 6% of patients. This low 
incidence may have been contributed to by a more stringent definition of insignificant disease (less than 0.2 mL) ( 48). Similarly, Lerner and associates reported that 
the majority of stage T1c prostate cancers was significant (more than 90%) (50).

In summary, the vast majority of patients with stage T1c prostate cancer has clinically significant disease that has the potential to impact on their longevity. A subset of 
stage T1c prostate cancers, however, is potentially not life threatening and therefore unlikely to affect longevity, especially in older patients. In the final analysis, 
patient age and co-morbidity play an overriding role in selection of treatment options for clinically localized disease, especially in older patients whose longevity is 
estimated to be less than one decade.

LOW-RISK PROSTATE CANCER—PATIENT AGE

Serum PSA testing has led to a dramatic stage migration of prostate cancer and has resulted in an increase in incidence of patients diagnosed with early-stage 
disease. The earlier diagnosis of prostate cancer is especially relevant in younger patients who are most likely to benefit from curative therapies owing to their 
projected longevity. However, the diagnosis of low-stage prostate cancer in patients older than the age of 70 to 75 years has presented physicians with a therapeutic 
conundrum. Serum PSA testing in elderly patients has often been blamed as the culprit in this regard.

Before the advent of serum PSA screening, more than half of prostate cancers detected were clinically advanced at time of diagnosis, and distant metastases were 
noted in approximately 25% of patients. In elderly men, therefore, therapeutic choices were often between ADT introduced before clinical symptoms and ADT at the 
time of onset of bothersome clinical disease. Presently, however, an increased incidence of clinically diagnosed prostate cancer among elderly patients has prompted 
debate regarding the role of aggressive local therapy in patients with life expectancies less than 10 years.

Prostate cancer is therefore somewhat unique among human malignancies because of the marked discrepancy between the prevalence of histologic cancer and that 
of clinically evident disease. Although a 50-year-old man has an approximately 10% risk of developing clinically significant prostate cancer during his lifetime, the 
incidence of histologic presence of prostate cancer is much higher ( 54). Montie and associates showed that 40% of men in their 60s undergoing cystoprostatectomy 
for bladder cancer have histologic evidence of prostate cancer, whereas, in octogenarians, the incidence of histologic disease approaches 80% ( 55). Therefore, most 
elderly men die with, and not from, prostate cancer, so patient age and longevity at time of diagnosis need to be carefully factored into the therapeutic equation, 
especially in patients with clinically localized disease.

Because of these concerns, some physicians have been hesitant to carry out clinical testing for prostate cancer, especially in older men, hoping to avoid detection of 
unimportant disease that may then be subject to aggressive therapy. Ohori and associates, however, compared the pathologic features of incidental 
cystoprostatectomy prostate cancers to those of clinically detected (serum PSA, digital rectal examination, ultrasound) prostate cancers treated with RP. They found 
that all cystoprostatectomy prostate cancers were unimportant or curable, of lower grade, and less likely to extend beyond the confines of the prostate, whereas the 
RP specimens were of higher grade, more advanced, and less likely to be unimportant cancers. In fact, only 9% of the RP tumors were unimportant, as opposed to 
78% of the cystoprostatectomy prostate cancers (56).

Albertsen and associates analyzed a series of men with prostate cancer who were managed conservatively ( 60). They found that men with low-grade disease 
(Gleason scores 2 to 4) faced minimal risk of dying from prostate cancer at 15 years. However, men with poorly differentiated disease (Gleason scores 7 to 10) faced 
a high risk of dying from disease, and this was even applicable to men diagnosed at age 74 years. Men with moderate-grade tumors (Gleason scores 5 to 6) faced 
only a modest risk of dying of their disease, which increased slowly over a 15-year period. Therefore, a 78-year-old man with a clinically localized Gleason score 5 
tumor is unlikely to develop clinically significant advanced disease during his lifetime, in contrast to a 40-year-old man with the same tumor.

Fifteen-year outcome tables of patients with clinically localized prostate cancer indicate that only approximately 10% of patients 70 to 74 years of age with low-grade 
disease die from their tumors, and, therefore, this subset of patients can be reasonably presumed to have low-risk prostate cancer ( 60).

In summary, elderly men have a high incidence of histologic prostate cancer, and the majority of these tumors is clinically unimportant. For those elderly men with 
clinical evidence of disease, the majority of tumors is potentially significant, but tumor significance is dependent on factors such as co-morbidity and longevity. 
Although it is true to say that most men die with, rather than of, prostate cancer, knowledge of the presence of prostate cancer may allow the physician to institute 
timely palliative therapy that may significantly improve quality of life.

MANAGEMENT OF LOW-RISK PROSTATE CANCER

When interviewing a patient with a diagnosis of prostate cancer, it is important to bear in mind that there is no best single treatment, only options. Although each 
treatment choice has a number of unique advantages for the patient, each option has a unique set of complications and side effects. Until the inception of the 
Prostatectomy Intervention versus Observation Trial, comparing RP to observation, no well-designed, appropriately powered, prospective study had been completed 
to compare treatment options for localized prostate cancer.

In 1995, the Prostate Cancer Panel of the American Urological Association determined that, because of differences in patient selection and outcomes reporting 
among different series, it was impossible to make comparisons between treatment options with regard to efficacy and side effects ( 57). The panel concluded that all 
commonly available options, such as surveillance, RP, external beam radiotherapy, and brachytherapy, should be offered to all patients with newly diagnosed 
clinically localized prostate cancer.

In general, the determination of the best treatment option for a patient with newly diagnosed prostate cancer requires information about tumor stage, aggressiveness, 
patient life expectancy, co-morbidities, and, finally, patient preferences.

Although at first glance the presence of low-risk disease implies a conservative approach, for a variety of reasons this may not necessarily be the case. 
De-differentiation and progression of stage T1a prostate cancer are well described, and, therefore, patients entered into surveillance protocols require long-term 
follow-up, especially in younger patients ( 40). In addition, an appreciable subset of patients with stage T1a disease may be upstaged by restaging as described earlier 
and, therefore, may no longer be appropriate candidates for observation protocols. Retrospective studies, however, demonstrate that only 10% to 27% of patients with 
stage T1a disease will progress (41,42). Therefore, the majority of patients with stage T1a disease does well without treatment. A subset of patients may find the 
concept of surveillance undesirable and wish to proceed with curative therapy at a time that a cure can almost definitely be achieved. Surveillance can often 
effectively take advantage of the long symptom-free interval in low-risk disease in combination with shortened life expectancy in older patients ( 6,58).

Watchful Waiting for Low-Risk Prostate Cancer

Three recent reports have described the outcomes of WW protocols in approximately 2,000 men with prostate cancer. Their findings regarding older patients with 
low-grade disease are generally relevant to all patients with low-risk disease ( 59,60,62).



The report by Chodak and associates involved a metaanalysis of survival of 828 men with prostate cancer in several nonrandomized series of WW. In this report, the 
10-year disease-specific actuarial survival rates were 87%, 87%, and 34% for grades 1, 2, and 3 disease, respectively. This study included patients with a median 
age of 69 years and a predominance of low-grade, low-stage tumors (for which it drew criticism); nevertheless, the study substantiated the concept that a significant 
subset of older men with low-risk disease do well on surveillance ( 61).

Albertsen and associates reported on 451 prostate cancer patients (mean age, 71 years) with a mean follow-up of 15.5 years ( 60). Patients received either no 
treatment or immediate or delayed hormonal therapy. The age-adjusted survival of men with Gleason scores 2 to 4 tumors was not significantly different from that of 
the general population. It should be borne in mind, however, that Gleason grade 2 tumors are rarely seen today in the United States. However, estimated loss-of-life 
expectancy among patients with Gleason scores 5 to 7 tumors was 4 to 5 years, and this subset of patients comprised 80% of the total group. Although this study 
showed that older men with well-differentiated disease do well with a WW approach, it can also be concluded that men with moderately and poorly differentiated 
disease had significantly decreased survival compared to a control population.

Similarly, a recent study by Johansson and associates involving 642 men with prostate cancer (there was a predominance of patients with favorable pathology) 
diagnosed between 1977 and 1984 reported that only 11% of 300 patients with clinically localized disease died of prostate cancer ( 62). The corrected 15-year survival 
rate was reported to be similar among patients treated by WW protocols and those treated at time of diagnosis.

Although it is generally well accepted that men with a life expectancy of fewer than 10 years are candidates for WW protocols, other reports have questioned a 
blanket policy of WW protocols for patients with low-risk disease. In this regard, Gronberg and associates reviewed 6,514 patients diagnosed with prostate cancer 
managed conservatively between 1971 and 1987, of whom approximately 85% died during the 7 to 23 years of follow-up ( 8). Prostate cancer–specific mortality was 
estimated to be 55%, and age at diagnosis was found to be a strong predictor of prostate cancer death. Patients diagnosed before the age of 60 years had an 80% 
risk of dying of prostate cancer, whereas those older than 80 years of age at diagnosis had less than a 50% risk of prostate cancer–related death.

McLaren and associates also reported high rates of clinical progression in patients with clinical T1 and T2 disease who were entered into WW protocols. 
Approximately 40% of T1 patients and 52% of T2 patients had clinical progression by 2 years ( 63).

Therefore, although advocates of WW protocols for clinically localized prostate cancer point out the advantages of avoiding potential morbidities from radical local 
therapies, it should also be borne in mind that WW protocols are not without significant potential problems. In a review of 514 patients with prostate cancer managed 
by WW protocols, Aus and associates reported that 319 patients (62%) died of prostate cancer. Of the patients who died of prostate cancer, 61% required one or 
more palliative therapies (TURP, external beam radiotherapy, or upper urinary tract diversion) before death. Furthermore, an average of 5 weeks was spent in the 
hospital because of prostate cancer (64).

It is generally well accepted that men with low-risk disease and a life expectancy of fewer than 10 years are candidates for WW protocols. However, younger patients 
with low-risk disease who enter WW protocols should only do so in the knowledge that there are risks of tumor de-differentiation and progression.

Recommendations for Treating Stage T1a Prostate Cancer

All patients with a presumptive diagnosis of stage T1a prostate cancer require restaging, as described earlier. For those patients in whom restaging confirms the 
presence of stage T1a disease, further management is generally made according to patient age and preference. Older men with a life expectancy of fewer than 10 to 
12 years can be offered WW and restaged at a later date if there are clinical features of disease progression. Younger patients with life expectancies of 15 years or 
greater should be counseled regarding the possibility of disease progression, as described previously. In general, RP, external beam radiotherapy, and brachytherapy 
are all appropriate options in this subset of patients in view of their considerable life expectancy. The caveat is that these local therapies all carry with them the risk of 
significant side effects, whereas the risk of disease progression with time may remain low.

Recommendations for Treating Low-Risk Stage T1c Prostate Cancer

Low-volume disease on prostate needle biopsy, in combination with a Gleason score of less than 7 and a free to total serum PSA ratio that exceeds 15%, has a high 
positive predictive value with respect to predicting the presence of insignificant disease, as described earlier ( 39). Once again, therapy in this subset of patients is 
determined by patient age and preference. Therefore, just as with stage T1a disease, WW, RP, external beam radiotherapy, and brachytherapy are all options. In 
addition, ADT may be offered to some patients who desire treatment but remain skeptical regarding local therapies owing to possibilities of side effects. WW is 
appropriate for older patients, especially for those whose life expectancy is less than 10 to 12 years.

Recommendations for Treating Low-Risk Prostate Cancer in Older Men

Men older than the age of 70 years diagnosed with stage T1a, low-risk T1c disease or well-differentiated stage T2 disease are appropriate candidates for WW, 
especially if they have significant co-morbidities. Depending on patient preference and the treating physician's philosophy regarding early versus late ADT, some 
patients may elect to have no therapy until clinical evidence of disease progression occurs. By electing WW, the majority of such patients can optimize quality of life 
by avoiding side effects of local therapy or ADT, or both, which is especially advantageous in those patients whose prostate cancer never progresses clinically, which 
is probably the case in the majority of patients. Aggressive local therapy is probably inappropriate in this subset of patients.

CONCLUSION

Patients with newly diagnosed prostate cancer are often confronted with the difficult task of trying to understand their disease as well as the various treatment options. 
For patients with low-risk prostate cancer, the concept that their tumor may live in harmony with them is sometimes disturbing to patients and their families. The task 
of the physician, therefore, is to educate their patients in this regard, not only by spending time in the office, but also by recommending educational materials. 
Although this may be a time-consuming process, the patient with low-risk prostate cancer should be reminded that, by definition, time is on his side and that 
surveillance is in fact an active form of treatment.
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INTRODUCTION

The nonsurgical management of prostate cancer has increased dramatically over the last decade. The vast majority of patients managed without surgery receive 
some form of radiotherapy with or without hormone replacement therapy (HRT). The expanding interest in radiotherapy may arise in part from the fact that long-term 
survival rates with radiotherapy appear to be equivalent to those achieved with radical prostatectomy ( 8,46,48,49,62,88,89). The optimal management of clinically 
localized prostate cancer is one of the most common, challenging, and controversial areas for patients and physicians. For no other site is there so much 
disagreement among “experts” as to who should have surgery, radiotherapy, or receive HRT alone or in combination with one of these other modalities. To make 
matters more confusing, there are numerous ways to deliver therapeutic radiation, including external photon radiotherapy, intensity-modulated radiotherapy, proton 
and neutron beam irradiation, and brachytherapy, with no clear consensus as to which radiotherapy option is best. What is clear is that certain patients may be better 
suited for one or another or, in fact, a combination of these modalities.

This chapter attempts to summarize the existing literature defining the role of HRT combined with two of the most commonly used types of radiotherapy: x-ray–based 
external beam radiation therapy (EBRT) and brachytherapy.

SELECTION PRINCIPLES FOR TREATMENT

The patient who would derive the greatest survival benefit from treatment of clinically localized prostate cancer is the patient who has the highest risk of dying from 
prostate cancer. It will be difficult to identify a therapeutic intervention that reduces the prostate-specific mortality by 50% in low-risk patients, because such large 
numbers of patients would be required just to detect a decrease in risk from 10% to 5%. Furthermore, the impact of therapy is diluted when patients cured of their 
prostate cancer die of other causes. This fact grows out of a reality that competing causes of death dictate the overall survival (OS) in the first 10 to 15 years for men 
who have low-risk disease.

Albertsen et al. (2) retrospectively evaluated the risk of death from expectantly managed prostate cancer in a cohort of men stratified by age and tumor histology 
[Gleason score (GS)]. Evaluated in the context of treatment outcome data, their data support the notion that the patients for whom a survival benefit from treatment 
can be demonstrated are those who have the greatest risk of dying from prostate cancer. Men ages 55 to 74 years with well-differentiated tumors (GS 2 to 5) have 
minimal risk of death from prostate cancer and are much more likely to die from competing causes, such as heart disease, during the first 15 years after diagnosis. 
Conversely, during this same period, men with poorly differentiated tumors (GS 7 to 10) have the highest risk for death, regardless of their age at the time of 
diagnosis. Men with GS 6 tumors have an intermediate risk, with approximately 50% of men younger than 55 to 64 years alive at 15 years after diagnosis, whereas 
most older men (65 to 74 years) have died of competing causes (2). Aus et al. (5) and Chodak et al. (16) also demonstrated the impact of histologic grade on survival 
with lower cause-specific and disease-specific survival (DSS) rates seen in men with high-grade tumors.

In light of the effect of histologic grade on DSS and cause-specific survival, it can be surmised that the radiotherapy dose needed to achieve maximal prostate-specific 
antigen (PSA) suppression may vary with risk as determined by pretreatment prognostic variables, such as PSA, GS, and stage.

DEFINING HIGH-RISK DISEASE

Having concluded that the benefit of treatment varies with the risk for recurrence or death due to prostate cancer, it is important to define how risk is determined and 
assigned to patients. This is particularly important, because risk estimates are often central to the treatment choices that are recommended.

Several studies have demonstrated that pretreatment PSA level and GS are predictive of biochemical failure or death. Pretreatment PSA, although a very important 
screening tool, has not been validated as a surrogate to predict death. Other studies have identified DNA ploidy, the number of positive biopsies, p53 status, and 
prostatic acid phosphatase levels as having prognostic significance; however, these have not been widely validated.

Multivariate analysis of patients with clinically localized prostate cancer treated with EBRT alone on phase III Radiation Therapy Oncology Group (RTOG) trials 
between 1975 and 1992 (90,91,106) showed that centrally reviewed GS, clinical stage, and pathologic lymph node status correlate with DSS and OS. In this analysis, 
four distinct prognostic subgroups were defined, each with a predictable risk of death from prostate cancer. Each prognostic group and the 5-, 10-, and 15-year rates 
after EBRT treatment for each group are summarized in Table 28-1. Definitions of risk have typically used one or several of these variables to identify low-, 
intermediate-, and high-risk subgroups; however, no uniform definition for the determination of risk exists. This lack of consensus often makes it difficult to make 
meaningful comparisons between treatments and studies. The choice of a uniform risk model is one central issue that must be resolved before we can objectively 
decide what subgroups of patients will benefit from which of the available treatments. The current American Joint Committee on Cancer staging system does not 
appear to be very reliable in terms of defining the risk of recurrence after radiotherapy.

TABLE 28-1. DISEASE-SPECIFIC SURVIVAL BY RISK GROUPS: RADIATION THERAPY ONCOLOGY GROUP RANDOMIZED TRIALS, RADIOTHERAPY ALONE 
(1975–1992)



One of the first and most widely used nomograms to predict risk was developed by Partin ( 71,72). Kattan et al. subsequently developed nomograms to predict 
outcome after prostatectomy and, more recently, to predict relapse-free survival after three-dimensional conformal radiation therapy (3D CRT) treatment, based on 
pretreatment PSA and using dose as a variable (50). This model, although intriguing, is limited by its heavier weighting of PSA over GS, stage, and even the use of 
HRT. Several analyses have demonstrated that histologic grade is the single most predictive variable for outcome in the management of prostate cancer ( 77,90,91). 
Stage has also been validated as a significant independent variable, and the use of HRT to date has demonstrated the greatest impact on DSS and OS. Also of 
concern is the assumption that radiotherapy dose has a uniform effect for all patient subgroups. Several reports have already indicated that this is not the case. No 
dose effect has been demonstrated for patients whose disease features would classify them into low- or high-risk subgroups ( 44,81,100). Ultimately, this nomogram 
may not reliably predict death due to prostate cancer.

The inclusion of PSA as a continuous variable in a predictive model is important; however, although PSA may predict failure, as previously mentioned, it has not been 
validated as a surrogate for DSS or OS (59,78,92). Based on the published literature to date, the single most consistent factors that define patients with a high risk of 
death due to prostate cancer include GS of 7 or greater, lymph node status, and bulky palpable disease. Pretreatment serum PSA greater than 20 ng per mL 
correlates with increased risk of distant metastases and the need for salvage hormone therapy. With longer follow-up times, PSA greater than 20 ng per mL may 
indeed be predictive for survival.

TREATMENT STRATEGIES

Historically, clinically assessed rates of local control and disease-free status underestimated local failure rates, owing to the presence of occult disease. The 
incidence of positive biopsies after radiotherapy treatment has been reported to range from 21% to 93% in various series ( 7,18,53,70,94,95 and 96). Prostate biopsy 
status at 24 to 36 months postradiotherapy is an independent predictor of outcome, although its accuracy is confounded by the high percentage of indeterminate 
biopsies (19).

Many attempts to decrease local failure rates have been focused on dose escalation to overcome the “intrinsic resistance” of prostate cancer cells ( 28). Several 
retrospective (Table 28-2) studies and prospective, nonrandomized dose escalation trials ( Table 28-3) have suggested improvements in PSA response, freedom from 
PSA failure, and disease-free survival (DFS) with the use of higher radiation doses in some patient subgroups. The optimum dose has not yet been determined; 
however, it is apparent that treating to higher radiotherapy doses alone is not the complete solution for the question of how to improve local control with EBRT for 
some patient subgroups. Retrospective analyses have failed to identify a benefit to biochemical no evidence of disease (bNED) from higher radiotherapy doses for 
high-risk patients (100,101). Mounting evidence from randomized and nonrandomized trials suggests that the addition of neoadjuvant or adjuvant therapies may be 
part of the answer. HRT has been the most widely evaluated adjuvant therapy to date.

TABLE 28-2. PROSPECTIVE RADIOTHERAPY DOSE ESCALATION TRIALS

TABLE 28-3. RETROSPECTIVE STUDIES DEMONSTRATING A DOSE RESPONSE WITH RADIOTHERAPY IN INTERMEDIATE- AND HIGH-RISK PATIENTS

RATIONALE FOR COMBINED HORMONE THERAPY AND EXTERNAL BEAM RADIATION THERAPY

For more than 50 years, androgen ablation has been recognized as an important tool in the management of locally advanced prostate cancer. The 
hormone-responsive nature of prostate cancer was first recognized in 1941 by Huggins and Hodges ( 47), who demonstrated that advanced prostate cancer 
responded to surgical castration. Pharmacologic agents that modify androgen production or its ability to interact with prostate cancer cells, or both, have provided 
nonsurgical alternatives to orchiectomy. The historical evolution of the studies, which have led to the widespread interest in the use of HRT, has been elegantly 
described elsewhere.

Androgen deprivation significantly reduces the volume of the hormone-responsive tumor. In vivo, androgen-sensitive tumors show a significant regression in volume 
(greater than 90%) after orchiectomy. In vitro, a cessation of cell division was noted in Shinogyi cell lines when grown in an androgen-free medium ( 61,111). Tumor 
cytoreduction resulted in improved oxygenation and an associated increase in radiosensitivity ( 80). In vivo and in vitro experiments have documented a decrease in 
the radiotherapy dose needed to kill 50% of a tumor cell population (TCD50) when androgen suppression is administered before radiation. The greatest incremental 
decrease in TCD50 is seen when EBRT is applied at the point of maximal androgen suppression and tumor shrinkage ( 111).

The distinct mechanisms of action of radiotherapy and hormone ablation suggest a rationale for their combined use. The pathophysiologic mechanism of EBRT is the 
formation of nonrepairable DNA double strand breaks (40) and the induction of programmed cell death or apoptosis ( 99). Cytoreduction induced by hormone blockade 
may improve radiocurability by decreasing the number of logs of cell kill required for tumor sterilization. Studies have confirmed an inverse ratio between tumor 
volume and control with EBRT (42). Clinical trials appear to support this finding and are discussed later. The combined use of androgen ablation and EBRT appears 
to cause additive or augmented cell killing, or both. Neoadjuvant androgen ablation in effect “primes” the machine to sterilize androgen-dependent cell clones. 
Androgen-independent cells remain susceptible to EBRT-mediated DNA damage, as well as EBRT-induced activation of the apoptotic pathway. Experimental and 
clinical data support the existence of a synergistic interaction between EBRT and total androgen suppresion (TAS), with combined modality treatment yielding better 
treatment responses than either modality alone.

The theoretical basis, then, for combined HRT and EBRT is derived from experimental and clinical data that suggest a synergistic interaction between hormonal 
deprivation therapy and radiation therapy that leads to increased local and regional cell killing ( 99,109,111). This hypothesis has been confirmed in animal models 



(99,111).

HORMONE THERAPY AND EXTERNAL BEAM RADIATION THERAPY

Retrospective evaluations comparing androgen deprivation given in conjunction with radiotherapy compared to radiotherapy alone for patients with clinically localized 
prostate cancer have noted significant improvements in local control and DFS. An OS benefit has not, however, been consistently demonstrated.

Since the first randomized, multiinstitutional trial from Del Regato ( 23), the preponderance of data from prospective randomized trials demonstrates improvements in 
OS and DSS with the use of androgen-suppressive therapy alone or in conjunction with radiotherapy. Table 28-4 summarizes the results of several prospective 
randomized trials.

TABLE 28-4. RANDOMIZED TRIALS: ANDROGEN BLOCKADE + EXTERNAL BEAM RADIATION THERAPY VERSUS EXTERNAL BEAM RADIATION THERAPY 
ALONE

The Medical Research Council of Great Britain ( 66) completed one of the first randomized trials to demonstrate a survival advantage for the use of early HRT in 
patients with locally advanced and metastatic disease. This study reinforced the concept of hormone ablation as a first-line therapy in the management of prostate 
cancer.

RTOG 85-31 evaluated the effect of long-term goserelin monotherapy after radiotherapy compared with radiotherapy alone. A significant improvement in local control, 
biochemical control, rate of distant metastases, and cause-specific survival was demonstrated for patients with nonbulky, stage T3 disease and node-positive disease 
at 5 and 8 years. A subset analysis demonstrated a significant survival advantage to long-term goserelin monotherapy for GS 8 to 10 patients treated with primary 
radiotherapy (74,76).

The results of RTOG 86-10, which evaluated the use of 4 months of combined hormone ablation with goserelin and flutamide in men with bulky T2 and T3 tumors, 
were initially reported in 1995. Improvements in local control, DFS, distant metastasis–free survival, and biochemical control were seen at 5 years of follow-up ( 75). An 
update of 86-10 showed a significant improvement in absolute survival at 8 years for patients with GS 2 to 6 tumors (72% vs. 52%, p = .015) who received 2 months 
of neoadjuvant hormone ablation followed by 2 months of therapy administered concurrently with EBRT ( 76). Hormone suppression–related improvements in local 
control, rate of distant metastases, and cause-specific mortality remained significant. No benefit from short-term androgen ablation was seen for patients with bulky 
GS 7 to 10 tumors.

Laverdiere et al. reported a 65% incidence of positive biopsies at 2 years for patients treated with radiotherapy alone, compared to a 28% positive biopsy rate when 3 
months of HRT preceded radiotherapy. More impressive was the significant decrease in incidence of positive biopsies when hormonal ablation therapy was continued 
after the completion of radiotherapy, for a total of 10 months (28% vs. 5%, p <.0001) (57). This study not only demonstrated the benefit of the use of hormone therapy 
in patients with earlier stages of disease, but also was one of the first studies to demonstrate the inadequacy of conventional doses of radiation (64 Gy) for tumor 
eradication.

The EORTC incorporated 1 month of neoadjuvant androgen blockade before radiotherapy followed by 3 years of a gonadotropin-releasing hormone agonist after the 
completion of EBRT. Statistically significant improvements in local control, DFS, and OS were noted at 5 years ( 12) for patients receiving hormone ablation over those 
treated with radiotherapy alone ( p = .001).

Preliminary results from RTOG 92-02, a prospective randomized trial evaluating the duration of androgen ablation in stage T2c-T4 patients, demonstrated a 
significant improvement in DFS, time to clinical local progression, freedom from distant metastases, biochemical control, and OS with long-term (26-month) hormone 
suppression therapy. This trial establishes long-term HRT as the standard of care for locally advanced (GS 8 to 10) patients ( 42).

These studies have predominantly evaluated patients with locally advanced disease. The data support the use of long-term adjuvant HRT in this group of patients. 
One significant question that remains unanswered is whether patients with earlier stages of disease will benefit from HRT. RTOG 94-08, a four-arm phase III trial 
evaluating the role of endocrine therapy in good-prognosis, locally confined prostate adenocarcinoma, addresses this question. Until the results of this study are 
available, some insight may be gleaned from retrospective analyses.

Improved local-regional control and freedom from PSA relapse have been reported in intermediate- and high-risk patients treated with hormone suppression and 
EBRT (21,91,107). D'Amico et al. evaluated 5-year PSA outcome after EBRT with or without 6 months of HRT. A significant advantage was seen from the use of HRT 
in intermediate-risk (stage T2b, GS 7, or PSA 10.1 to 20.0 ng per mL) and high-risk (stage T2c, GS 8, or PSA greater than 20 ng per mL) patients. There was a trend 
for improved biochemical control for low-risk patients treated with combined modality therapy ( p = .09) (21).

Vicini et al. reviewed the literature on androgen deprivation and EBRT in patients with localized prostate cancer. Conflicting results were obtained regarding a 
beneficial effect of hormone suppression on OS; however, a trend toward improved local-regional control and freedom from PSA relapse was identified ( 107).

A metaanalysis of men treated on RTOG trials from 1975 to 1992 supports the use of short-term (4-month) hormone suppression in risk group 2 (T3Nx, GS 2 to 6 or 
N+, GS 2 to 6 or T1-2Nx, or GS 7) patients. A DSS advantage is noted at 5 and 8 years; however, no overall specific survival was seen ( Fig. 28-1) (91). The absence 
of a significant survival benefit may be owing to the wide variation in risk across the subgroup, which includes early (stage T1-T1) and locally advanced (T3, N+) 
patients. When the analysis is limited to patients with bulky tumors, the same group of patients evaluated in RTOG 86-10, a statistically significant survival advantage 
becomes apparent. This corroborates the findings of RTOG 86-10 ( 76). “High-intermediate”–risk group 3 patients (T3Nx, GS 7 or N+, GS 7 or T1-2, or GS 8 to 10) did 
not benefit from 4 months of hormone ablative therapy ( Fig. 28-2).



FIGURE 28-1. A, B: Overall and disease-specific survival for groups 1 and 2 by treatment type. F, flutamide; G, goserelin; RT, radiation therapy.

FIGURE 28-2. A, B: Overall and disease-specific survival for groups 3 and 4 by treatment type. F, flutamide; G, goserelin; RT, radiation therapy.

HORMONE THERAPY AND EXTERNAL BEAM RADIATION THERAPY IN NODE-POSITIVE PATIENTS

The outcomes for patients with node-positive disease treated with regional therapy alone have been disappointing. The vast majority of patients treated with 
radiotherapy alone has evidence of local regional failure or biochemical failure at 5 years ( 45). Trials examining the use of HRT in conjunction with radiotherapy have 
been more promising (93,108,110).

A subset analysis of pathologic node-positive patients enrolled in RTOG 85-31 showed better rates of PSA control with the use of HRT plus radiotherapy compared to 
radiotherapy alone (55% vs. 11%) (58). Two randomized trials have confirmed a survival advantage for the early use of hormone ablation in locally advanced and 
lymph node–positive patients. Surgically staged node-positive patients (T1-4, N1-N3, and M0) who were treated with orchiectomy and radiotherapy had significantly 
reduced mortality (p = .02) and improved cause-specific survival ( p = .06) and time to disease progression, compared to node-positive patients treated with 
radiotherapy alone (39). The work of Messing et al. (67) further supports early hormone-suppressive therapy over delayed therapy. Postprostatectomy, node-positive 
patients treated with immediate androgen ablation had better OS ( p = .02), DFS (p <.01), and bNED survival (p <.001) compared to similar patients who did not 
receive ablative therapy until disease progression ( 67).

HORMONE THERAPY AND BRACHYTHERAPY

Several studies have suggested that low-risk patients (stage T2a or less, PSA less than 10, or GS of 6 or less) have equivalent PSA control rates when treated with 
seed implants or EBRT (13,113,115). Biochemical control rates for intermediate- and high-risk patients (stage T2b or greater, PSA 10 or greater, GS of 7 or greater) 
have been reported in some studies to be higher when treated with the addition of EBRT compared to implant alone ( 13,20,38,87). Other analyses have failed to find a 
benefit for brachytherapy plus EBRT in this same group of patients ( 10,84). High-risk patients (GS 8 to 10 or PSA less than or equal to 20 ng per mL) have better 
biochemical control with EBRT. Neither treatment alone is effective for patients with PSA greater than 20, regardless of stage or GS ( 13). One small series reported by 
King et al. found that patients treated with seed implants did better than patients treated with EBRT ( 52). However, the patients treated with EBRT in this series 
received suboptimal radiation doses, and a higher percentage of the patients had high-risk features.

No randomized trials have been completed that examine the role of hormone suppression for patients treated with brachytherapy. A retrospective matched pair 
analysis failed to identify an improvement in OS or relapse-free survival for relatively low-risk patients treated with hormone suppression and brachytherapy compared 
to those treated with brachytherapy alone. Stratification by GS, pretreatment PSA, and stage also failed to identify a subgroup that benefits from hormone suppression 
(85).

Prospective studies have examined the efficacy of androgen ablation given in conjunction with EBRT and brachytherapy. In a series from the Seattle Prostate 
Institute, the addition of hormone suppression did not significantly increase freedom from PSA failure ( 103); however, patient numbers were small, and follow-up was 
short at the time of reporting. Stone and Stock reported significant improvement in freedom from biochemical failure at 4 years for intermediate-risk patients (stage 
T2b or greater, GS greater than 6, PSA greater than 10 ng per mL) treated with 5 months of hormone ablation in addition to brachytherapy over a similar group of 
patients treated with brachytherapy alone (102). An update reported significant improvements in biochemical control for high-risk patients (two or more high-risk 
features) treated with hormone ablation with brachytherapy versus brachytherapy alone ( 60).

At this time, the primary benefit from the short-term use of HRT before brachytherapy in low-risk patients appears to be limited to volume reduction of the prostate. 
This helps to eliminate pubic arch interference, decrease urinary morbidity, and improve dosimetric coverage. Intermediate- and high-risk patients may benefit from 
the addition of HRT when treated with brachytherapy. High-risk patients, however, probably require more aggressive management, and the addition of EBRT is 
warranted. Randomized trials have been planned that will address this question.

COMBINED ANDROGEN BLOCKADE VERSUS MONOTHERAPY

Several studies have documented the presence and intraprostatic effect of dihydrotestosterone (DHT), the 5-alpha reduction product of testosterone and active 
intraprostatic androgen (4,30,31,32,33,34,35,36 and 37,55,56,98). Based on animal data, it has been recognized that although only 5% of serum DHT comes from the 
adrenal glands, approximately 40% of intraprostatic DHT is derived from the conversion of the adrenal androgens within the prostate gland ( 30,55,56).

Medical and surgical castration reduce serum testosterone levels by 90% to 95%; however, moderate intraprostatic DHT levels exist, suggesting that plasma 
androgens, which remain detectable in this setting, may be a relatively significant source of DHT. High levels of DHT have been demonstrated in prostate tissue 
samples obtained from men at the time of relapse after monotherapy (36). Even low levels of DHT within the gland may prevent maximal tumor suppression within the 
prostate, and the previously mentioned studies provide a strong rationale for the use of combined hormone blockade in men with prostate cancer.

The results of randomized trials comparing combined androgen blockade (CAB) therapy to monotherapy for metastatic disease have been inconclusive ( Table 28-5). 
Eighteen trials have reported no significant difference in OS with the use of CAB ( 1). Three of these 18 trials, however, did report a trend toward improved survival, 
favoring CAB (17,24,26). Three other trials have suggested a significant advantage for OS with maximal hormone suppression, with median increase in survival 
ranging from 3.7 to 7.0 months and an increase in 5-year survival ranging from 3% to 9% ( 17,24,26). Two metaanalyses of CAB studies were also contradictory. The 
first, published in Lancet (86), found only a 2- to 3-month survival advantage to the use of CAB. The analysis by Chaubet et al. ( 15) demonstrated a clear survival 
benefit to androgen ablation. In perhaps the most comprehensive review thus far, the Agency for Health Care Policy and Research conducted a metaanalysis of 21 
randomized trials to address this question. This analysis showed a statistically significant survival advantage for CAB at 5 years (hazard ratio, 0.871; 95% confidence 
interval, 0.805 to 0.942) ( 1). No significant advantage was noted for good prognosis patients with CAB; however, only six trials stratified patients by prognostic group, 
and the definitions of risk were not uniform. Little data exist comparing the effect of CAB versus monotherapy on quality of life (QOL).



TABLE 28-5. SELECTED CLINICAL TRIALS COMPARING MONOTHERAPY VERSUS COMBINED ANDROGEN BLOCKADE

CAB decreases the risk of progression and overall death and increases cause-specific survival for patients with metastatic disease. It is reasonable to suspect that 
patients with localized prostate cancer will respond differently to hormone deprivation than patients with metastatic disease, and minimizing DHT activity in these 
patients may have a greater impact on disease control than that seen in patients with metastatic disease ( 37). The data, overall, support the use of CAB over 
monotherapy.

Many other questions remain regarding the use of hormone ablation, such as the optimal duration of hormone use before radiotherapy. The question of how high the 
radiation dose should be in the presence or absence of HRT has not been answered. Several randomized trials currently ongoing from the RTOG, when completed, 
will address these issues. Furthermore, the role of HRT with or without higher doses has been alluded to but never directly addressed.

EXTERNAL BEAM RADIATION THERAPY, HORMONE THERAPY, AND QUALITY OF LIFE

QOL is now seen as an independent variable to be assessed, distinct from the more customary end points when evaluating treatment paradigms. Previously 
published studies have documented that prostate cancer and its treatment significantly impact many different QOL issues, and several studies have attempted to 
quantify the nature and the magnitude of posttreatment sequelae. Scott et al. ( 97) analyzed quality adjusted time without symptoms and toxicity for patients treated on 
RTOG 86-10 (EBRT with or without TAS). No difference in a 5-year rate of toxicity was seen for the two groups. Furthermore, the average time to distant metastases 
and toxicity and the quality adjusted survival time were significantly longer for patients treated with TAS, except in the highest risk group ( p <.05).

Several chronic sequelae deserve independent consideration.

Potency

The etiology of erectile dysfunction resulting from radiation therapy is most probably multifactorial. Susceptible tissues include small blood vessels, nerve bundles, the 
corporal and bulbar structures, and the corporal smooth muscle. Studies using venous duplex ultrasonography to evaluate patients with postradiotherapy erectile 
dysfunction suggest that the primary pathophysiology is arteriogenic, resulting in disrupted blood flow to the corpora cavernosa and corpus spongiosum ( 112). Other 
mechanisms may include radiation-related alterations in nitric oxide synthesis and release by endothelial cells or a decline in serum androgen levels secondary to 
internal radiation scatter. Several confounding variables influence the rate of potency preservation, including age older than 70 years; co-morbid chronic conditions, 
such as vascular disease or diabetes; and pretreatment erectile dysfunction ( 16,112). Treatment technique and radiation dose have been shown to influence outcome 
(64,73,115).

Androgen suppressive therapy has also been identified as a cause of impotence when given as a sole therapy and in conjunction with radiation. Neoadjuvant 
androgen suppression in conjunction with radiotherapy is associated with higher incidence of secondary impotence compared to radiotherapy alone (43% vs. 27%, p 
<.001) (114). The mechanism, however, appears to be distinct from that of radiation. Animal studies demonstrate an association between androgen suppression and 
down-regulation in the number of nitrous oxide receptors and the production of nitrous oxide ( 6). There is also evidence of a correlation between the absence of 
testosterone and decreased intracavernosal pressures ( 6).

Postradiation erectile dysfunction can be satisfactorily managed in several ways ( 63). Sildenafil improves the ability to achieve and maintain an erection in most 
patients (51,115). Patients with partial or moderate erectile function are more likely to benefit. Intracavernosal pharmacotherapy has yielded 65% erectile response 
(112).

Bone Loss: Incidence, Risk, and Prevention

A reduction in bone mineralization and the development of osteoporosis has been demonstrated in men with hypogonadism, regardless of etiology. Low testosterone 
levels have been closely correlated with osteoporosis in older men. Although the link between these two variables is not fully understood, the presence of androgen 
receptors on osteoblast cells has been demonstrated ( 3,14). Diamond et al. quantitated the effect of CAB on bone density in men receiving HRT for metastatic 
prostate cancer after 6 and 12 months of treatment. Combined treatment with GRH agonists and antiandrogen therapy resulted in a 6.6% decrease and 6.5% 
decrease in lumbar spine and femoral neck bone mineral density, respectively, which was greater than expected when compared to age-matched controls ( 25).

Insufficiency fractures secondary to irradiation have been described primarily in the literature in postmenopausal women treated with pelvic radiation for gynecologic 
malignancy. Little is known about the incidence of insufficiency fractures in men treated with pelvic irradiation for prostate cancer. The mechanism for destruction is 
believed to be late-onset injury of the microcirculation and impairment in the function of osteoblasts, resulting in increased susceptibility to traumatic and stress 
fractures. Increased rates of bone turnover and trabecular plate perforation have also been documented.

It is highly likely that the synergism between radiotherapy and hormone ablation will extend to include increased treatment-related toxicity. Based on published data 
and case reports documenting greater risks of osteoporotic fracture in hypogonadal men ( 22,65,104), it appears that the most potentially debilitating side effect is 
osteoporosis and the increased risk for skeletal fracture.

Clinical studies suggest that bisphosphonates, a class of drugs that reduce bone reabsorption by reducing osteoclast activity or causing apoptosis of osteoclast cells 
(22), may be helpful for prevention or treatment, or both, of osteoporosis secondary to hormone ablation. Studies evaluating the use of adjuvant cyclical intermittent 
etidronate administered during hormone ablation in patients treated for metastatic prostate cancer and osteoporosis have shown decreased rates of bone turnover, 
reversal of spinal bone loss, and slowed loss from femoral bones ( 22). The significance of the effects of TAS, both positive (improved OS) and negative (increased 
risk of fracture), has led to proposals for upcoming prospective QOL trials.

SUMMARY

Neoadjuvant and adjuvant hormone suppression combined with radiotherapy improve local control, prolong DFS, delay the time to the development of metastatic 
disease, and prolong OS in some subsets of patients. HRT does not appear to significantly increase survival for very low-risk patients; however, a trend for improved 
survival with 6 months of androgen ablation has been suggested ( 21). Another role for HRT in this subgroup is cytoreduction to overcome problems with pubic arch 
interference for patients seeking permanent seed implant. Frequently, this category of patient is seeking brachytherapy in the hopes of maintaining potency. Because 
potency may be impaired by the use of even short-term HRT, and there does not appear to be a survival benefit, cautious use of hormone-suppressive therapy is 
advisable.

The most comprehensive randomized data accumulated and analyzed to date demonstrate a benefit for the use of HRT in conjunction with EBRT in intermediate- and 
high-risk patients. Intermediate-risk patients benefit from 4 months of neoadjuvant CAB. Patients receiving EBRT will have additional benefit for improved local and 
biochemical control from the use of higher doses of radiation [D max (maximum dose recieved) greater than 69 to 77 Gy] and 3D CRT techniques (81,100,101). 



High-risk patients benefit from long-term androgen ablation ( 44,74,76). The optimal duration of hormone use remains to be determined, but based on the information 
we have to date, 24 to 36 months seems reasonable. Early HRT appears to offer significant survival advantages over delayed HRT ( 39,67).

In evaluating patients for the use of neoadjuvant HRT, there are patients for whom the presence or absence of a survival benefit has not been completely defined. The 
absence of a demonstrable survival benefit in various analyses, including the RTOG metaanalysis, may be a result of the manner in which the analyses were 
performed. Specifically, many of the patients were treated before the availability of PSA. For example, low-risk patients who have a poor prognostic feature, such as 
PSA greater than 20 ng per mL, and who may have a greater than 50% incidence of positive biopsies after radiotherapy, may in fact benefit from the use of HRT. 
Additional studies are needed to answer these questions.
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INTRODUCTION

One of the many treatment options used for patients with localized prostate cancer is the combination of external beam radiation therapy (EBRT) and interstitial 
implantation. Series reporting outcomes of this combination treatment approach have included patients with various prognostic features. Although there is no 
consensus at this time as to which patients are best suited for combination therapy, many investigators have favored such an approach for patients with more 
aggressive disease, reserving monotherapy (implantation or EBRT alone) for those with favorable risk disease. Combination therapy can be accomplished when 
EBRT is integrated with either permanent interstitial implantation or temporary brachytherapy using afterloading catheters. This chapter discusses the rationale for 
using combination therapy, summarizes the outcome of EBRT combined with either low-dose rate (LDR) or high-dose rate (HDR) brachytherapy and, finally, makes 
recommendations as to which patients are best suited for these treatment approaches.

RATIONALE FOR COMBINATION THERAPY

Especially among patients with intermediate- and unfavorable-risk prostate cancer, several reports have documented improved outcomes with higher radiation doses 
when using external beam three-dimensional conformal radiation therapy (3D CRT) ( 1,2 and 3). Although excellent prostate-specific antigen (PSA) relapse-free 
survival (RFS) rates have been achieved for patients with favorable risk disease using transperineal implantation (TPI) alone ( 4,5,6 and 7), results have been 
generally suboptimal for patients with adverse prognostic features treated with this approach. Table 29-1 demonstrates the PSA RFS outcomes for several series that 
have reported outcome with TPI alone among patients with adverse prognostic features. Although the characteristics of treated patients vary from series to series and 
confound attempts to make direct comparisons, these reports nevertheless highlight the fact that implantation alone is not sufficient therapy for locally advanced 
prostate cancer. The likely explanation for the inferior outcome with TPI alone in these patients may be related to an insufficient radiation dose or dose rate to 
overcome radioresistant tumor clonogens. In addition, TPI alone may not deliver adequate dose to the periprostatic tissues in such patients with higher risks of 
extraprostatic disease involvement. It would therefore appear that the rationale for incorporating EBRT with interstitial implantation for patients with adverse 
prognostic risk factors is related to the need to deliver escalated radiation doses to this cohort of patients. Combining EBRT with a brachytherapy boost (in the form of 
interstitial permanent implantation or temporary implantation with afterloading catheters) may represent equally effective approaches for delivering higher radiation 
doses that are now recognized as critical for achieving optimal tumor control.

TABLE 29-1. FIVE-YEAR PROSTATE-SPECIFIC ANTIGEN (PSA) RELAPSE-FREE SURVIVAL FOR INTERMEDIATE- AND UNFAVORABLE-RISK PROSTATE 
CANCER TREATED WITH INTERSTITIAL IMPLANTATION ALONE

OUTCOME OF COMBINED EXTERNAL BEAM RADIATION THERAPY AND LOW-DOSE-RATE BRACHYTHERAPY

Ragde et al. (8) reported on 54 patients treated with conventional EBRT to 45 Gy followed by a permanent iodine 125 ( 125I) implant delivering 120 Gy. With a median 
follow-up time of 119 months, the 10-year likelihood of maintaining a PSA level less than 0.4 ng per mL was 75%. However, among these 54 patients, only 24% and 
41% had Gleason scores higher than 7 and PSA levels greater than 10 ng per mL, respectively. Dattoli et al. ( 9) reported on 73 patients treated with EBRT to 41 Gy 
followed by a permanent palladium 103 (103Pd) implant delivering an additional 80 Gy. In this group, 49% had clinical T3 disease, 55% had Gleason scores higher 
than 7, and 44% had PSA levels greater than 15 ng per mL. Although excellent biochemical outcome was reported, the median follow-up was too short to draw 
meaningful conclusions. Singh et al. from Memorial Sloan-Kettering Cancer Center ( 10) reported on 65 patients with intermediate- or unfavorable-risk prostate 
cancers treated with 3D CRT and 103Pd and were followed for a median of 2 years. The 3-year PSA RFS was 87% with a median PSA value at last follow-up of 0.25 
ng per mL. The PSA RFS was 90% for patients who had an initial PSA less than 10 ng per mL and 80% for those who had an initial PSA greater than 10 ng per mL. 
Critz et al. (11) reported on 689 patients with early-stage prostate cancer treated with transperineal ultrasound-guided implantation using 125I followed 3 weeks later by 
the delivery of 45 Gy of conventional EBRT. The pretreatment PSA levels were 10 ng per mL or less and Gleason scores less than 7 in 73% and 76% of patients, 
respectively. No patients received neoadjuvant or adjuvant hormonal therapy. PSA relapse was defined as a PSA nadir level greater than 0.2 ng per mL or a 
subsequent rising PSA above this level. The median follow-up in that report was 4 years. The actuarial 5-year PSA RFS rates for patients with pretreatment PSA 
levels 0 to 4 ng per mL (n = 50), 4 to 10 ng per mL (n = 451), greater than 10 to 20 ng per mL (n = 144), and greater than 20 ng per mL (n = 44) were 94%, 93%, 75%, 
and 69%, respectively. These results appear to be at least comparable to what can be achieved with high-dose 3D CRT alone for this prognostic risk group. 
Nevertheless, longer follow-up will be necessary in all these studies to fully assess the durability of biochemical control among patients with adverse prognostic 
features treated by combination therapy.

TOLERANCE OF COMBINED EXTERNAL BEAM RADIATION THERAPY AND LOW-DOSE-RATE BRACHYTHERAPY

There is a paucity of information regarding the long-term tolerance of combined EBRT and brachytherapy for patients with localized prostate cancer. Critz et al. ( 12) 
reported grade 2 or greater rectal toxicities in 23% and grade 2 or greater urinary toxicities in 20% of treated patients using this approach. The higher toxicity rates in 
this report may have been attributed to their use of a retropubic rather than the TPI technique. With a median follow-up of 2 years, Dattoli et al. ( 9) observed a 3% 
incidence of posttreatment urethral strictures requiring transurethral resection, and one patient developed moderate urinary incontinence. No rectal toxicities were 
reported.

The tolerance profile for patients treated with combined EBRT and TPI at Memorial Sloan-Kettering Cancer Center was recently summarized ( Fig. 29-1) (10). Four 
patients (6%) with acute urinary retention required Foley catheterization within 48 hours of the implant procedure. Twenty-three patients (42%) developed grade 2 
urinary symptoms after completion of therapy requiring alpha-blocker medications. Three patients (4%) noted rare stress incontinence, and no patient described urge 



incontinence. Of the 65 patients treated, 45 (68%) reported at their last follow-up that their urinary symptoms had resolved. Eight patients (13%) developed grade 2 
rectal bleeding within 6 months from the completion of therapy. No grade 3 or 4 rectal toxicities have been observed. Five patients (8%) reported increased frequency 
of bowel movements, which were managed with conservative measures. Forty-four of the patients (66%) were potent before the initiation of treatment. Of these, 17 
(26%) developed erectile dysfunction.

FIGURE 29-1. Peripheral catheter distribution for high-dose-rate brachytherapy at Memorial Sloan-Kettering Cancer Center.

COMBINED EXTERNAL BEAM RADIATION THERAPY AND HIGH-DOSE-RATE BRACHYTHERAPY: RATIONALE AND OUTCOME

HDR brachytherapy has been used in combination with EBRT for the treatment of locally advanced prostate cancer ( 13,14,15 and 16). In general, for this approach, 
patients undergo transperineal placement of afterloading catheters within the prostate under ultrasound guidance ( Fig. 29-1). After computed tomography–based 
treatment planning, several high-dose fractions, ranging from 4 to 6 Gy each, are administered over an interval of 24 to 36 hours using iridium 192 ( 192Ir). This 
treatment is followed by supplemental EBRT directed to the prostate and periprostatic tissues to a dose of 45.0 to 50.4 Gy using conventional fractionation.

HDR brachytherapy offers several potential advantages over other techniques. Taking advantage of an afterloading approach, the radiation oncologist and physicist 
can more easily optimize the delivery of radiotherapy to the prostate and compensate for potential regions of underdosage ( cold spots) that may be present with 
permanent interstitial implantation (Fig. 29-2). Doses can also be constrained to effectively limit the volume of rectum and urethra exposed to the high radiation doses 
(Fig. 29-3). Furthermore, this technique reduces radiation exposure to the radiation oncologist and others involved in the procedure, compared with permanent 
interstitial implantation. Finally, HDR brachytherapy boosts may be radiobiologically more efficacious in terms of tumor cell kill for patients with increased tumor bulk 
or adverse prognostic features, compared to LDR boosts such as 125I or 103Pd.

FIGURE 29-2. Dose distribution demonstrating excellent coverage of the prostate with the 6-Gy prescription isodose line. High-dose regions are restricted from the 
urethra.

FIGURE 29-3. Dose volume histogram display for the target, urethra, and rectum demonstrating high dose for the target with restricted doses to the urethra and 
rectum.

Kovacs et al. (13) recently presented their HDR brachytherapy experience in 171 patients with varying clinical stages and tumor differentiation. Approximately 
one-third of the treated patients had T3 or high-grade disease. A total of 50 Gy of external radiation therapy was delivered, followed by two HDR 192Ir boosts 
consisting of 15 Gy each. With a median follow-up of 52 months, the 5-year PSA RFS was 79%. Sixteen percent of patients experienced chronic proctitis, and 11% 
reported chronic cystitis. Mate et al. ( 14) reported 104 patients who were treated with 4 fractions of HDR 192Ir followed by 50.4 Gy of EBRT. The majority of their 
patients had stage T1-2 disease with a median pretreatment PSA level of 8.1 ng per mL. With a median follow-up of 45 months, the 5-year actuarial PSA RFS for 
patients with pretreatment PSA levels less than 20 ng per mL was 84%. The 5-year actuarial incidence of urethral stricture development was 8%. No other grade 3 or 
4 toxicities were observed.

Martinez et al. have used fractionated outpatient HDR brachytherapy boosts interdigitated throughout the course of EBRT ( 15,16). Real-time intraoperative planning 
from the intraoperative ultrasound image was performed, and each of three HDR boost treatments was delivered in the operating room under anesthesia. A dose 
escalation study was implemented to gradually increase the dose per fraction delivered with the HDR boost from 5.5 Gy × 3 fractions to 10.5 Gy × 3 fractions. Four 
percent of patients experienced grade 3 acute toxicities that included dysuria, urinary frequency, perineal pain, diarrhea, and urinary retention. The incidence of late 
grade 2 urinary and rectal toxicities was 9% and 5%, respectively ( Fig. 29-3). The 5-year actuarial incidence of late grade 3 urinary toxicity was 8%. In a recent 
matched-pair analysis comparing patients treated with this program and conventional EBRT, the 5-year PSA RFS rate for patients treated with HDR boost combined 
with EBRT was 67%, compared to 44% for those treated with EBRT alone (p <.001) (16). A multivariate analysis also demonstrated that the addition of an HDR boost 
was an independent predictor for an improved biochemical outcome.

TREATMENT RECOMMENDATIONS

In the absence of randomized prospective trials, it is difficult to clearly define the clinical indications and benefits of combined EBRT and TPI. Specifically, further 



studies are needed to determine whether the combined approach achieves significantly superior biochemical outcomes for patients with adverse prognostic features 
compared to TPI alone or high-dose 3D CRT. It also remains unclear whether the combined approach is necessary for patients with favorable risk disease in whom 
the results of monotherapy alone have been excellent. In recent retrospective comparisons ( 4,17,18), no differences in biochemical outcome have been observed in 
patients with favorable-risk prognostic features treated with TPI alone, compared to combined EBRT and TPI. At the present time, combined EBRT and TPI should be 
reserved for selected patients with intermediate-or high-risk prognostic features, whereas monotherapy appears to be sufficient for those with favorable risk features. 
In addition, such combined approaches would be appropriate for patients who have bowel-overlying portions of the target volume, in whom escalated doses cannot be 
safely given with EBRT alone, and a brachytherapy procedure would need to be incorporated to safely deliver higher doses of therapy.
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INTRODUCTION

Since the late 1980s, early detection strategies have meant that prostate cancer is routinely detected at a stage that, in all likelihood, it is still locally confined. The 
efficacy of the local measure is therefore of paramount importance, as therapy is potentially curative ( 1). Dose escalation is the most intuitive tool available to the 
radiation oncologist to maximize the chance for cure, but its execution requires the development of highly accurate dose delivery systems. The 1990s have seen a 
remarkable evolution in photon planning and treatment, with documented evidence of reduced morbidity and the early suggestion of greater antitumor efficacy ( 2,3,4 
and 5). Despite this, it remains true that photons are fundamentally constrained by an inherent property, their depth-dose profile. Regardless of beam energy or 
intensity, the intrinsic shape of this profile is the same with a maximal dose relatively close to the skin and an exponential decrease in dose beyond this point. This 
latter property ensures that radiation will always stream beyond the target like a tail. By contrast, heavy, charged, subatomic particles, such as protons, demonstrate a 
quite different depth-dose profile (Fig. 30-1). Early experiments in water showed that the dose deposited by a beam of monoenergetic protons increases slowly with 
depth but reaches a sharp maximum near the end of the particles' range (the Bragg peak). The dose falls to zero after the Bragg peak at the end of the particles' 
range (6). If one could determine with accuracy the location of a tumor within the body and also the densities of the tissues surrounding it, then it should be possible to 
design exquisitely conformed treatments for tumors that deliver lower integral radiation doses than can ever be achieved with photons ( 7). The great attraction of the 
photon beam comes from these physical properties. Commercially developed cyclotrons now produce 150- to 250-megavolt (MeV) beams, which are of considerable 
interest to the clinician. These energies correspond to a range in tissue of 15 to 30 cm, sufficient to reach most human tumors.

FIGURE 30-1. Depth-dose profiles for a proton beam (with a spread Bragg peak) and a 10-megavolt photon beam.

The physical properties of protons are distinctive, and the biologic properties are not. The radiobiologic equivalent of protons is indistinguishable from 250-kV x-rays 
and, thus, only approximately 10% more effective than a megavoltage linear accelerator beam. Dose is expressed as cobalt gray equivalent, or CGE.

In the early days of proton therapy, treatment facilities were few, beam energies were low, and planning was laborious. This modality was therefore reserved for 
tumors in a limited number of relatively accessible sites in which the benefits of a rapid dose fall-off were self evident (e.g., choroidal melanomas, pituitary neoplasms, 
and tumors of the skull base and spine). Despite these limitations, much evidence has been accumulated to demonstrate the efficacy of proton therapy for localized 
solid tumors and to demonstrate that dose escalation could routinely be attained with a proportionate increase in normal tissue morbidity ( 8). Two dedicated 
hospital-based cyclotron facilities now exist in the United States, with several more in the planning or construction stages. Randomized trials are under way for tumors 
in several sites, and the hypothesis that dose escalation can be achieved with reduced normal tissue injury, on which all conformal radiation strategies are predicated, 
is now being put to the test.

COMPARING PROTONS WITH CONTEMPORARY CONFORMAL PHOTONS

Beam-for-beam and plan-for-plan protons always generate a more attractive dose distribution than photons (unless skin sparing is a crucial issue). For the same 
target dose, protons put fewer doses outside the target than x-rays, such that the integral dose will always be less than with photons ( Fig. 30-2). On the average, this 
“dose bath” is approximately half that of x-rays. Likewise, for the same extra-tumoral dose, protons can deliver a higher target radiation dose. The crucial test for 
proton planning comes when it is compared with intensity-modulated x-ray beams. Uniform x-ray beams deliver approximately uniform doses to the boundary of the 
target and tend to fill any concavities, such as those that may exist when a tumor encircles a critical nontarget structure. If multiple nonuniform beams are delivered, 
however, then a concavity in the dose distribution becomes possible. This has been a considerable recent advance in photon therapy. However, what is applicable to 
a photon beam is also applicable to a proton beam. If proton beams are substituted for x-ray beams and matched for dose in the target region and with the same 
intensity profiles, then we get a plan that is identical in the target volume but that features even less dose elsewhere. What is more, this may not even be the best 
proton plan possible! Actually, proton therapy has featured intensity modulation almost from its inception, in the sense of range modulation with spreading of the 
Bragg peak. Just as intensity-modulated x-ray plans outperform uniform-field x-ray plans, so will intensity-modulated proton plans outperform uniform-field proton 
plans.

FIGURE 30-2. Single beam plans for protons and 10-megavolt photons matched in a target region between 10- and 16-cm deep. Note that for the same target volume 



photons deliver a greater dose outside the target volume than protons, except in the skin.

A second major issue concerning proton radiation is its potential cost. The most appropriate yardstick against which this must be measured is that of contemporary 
three-dimensional conformal radiation. In most aspects, the costs will be the same. The patient work-up and preparation (the imaging studies and interdisciplinary 
consultations) do not differ. The treatment planning will likewise not differ (the delineation of target and normal volumes), nor will the development of the plan or the 
archiving of the data. Quality assurance will be identical. The only difference comes in the capital cost and maintenance of the facility, which will be more. With the 
passage of time, however, and with a large throughput of patients, this cost will be progressively amortized. Ultimately, proton therapy need only be fractionally more 
expensive than conformal x-ray therapy.

PROTON BEAM AND PROSTATE CANCER

First Clinical Trial

The earliest clinical trial of the proton beam in prostate cancer was the phase III study reported by Shipley et al. in 1979 ( 9). Seventeen patients with locally advanced 
tumors were treated at the Harvard Cyclotron and Massachusetts General Hospital with pelvic photons to a dose of 50.4 Gy and a perineal proton boost to a total of 
75.6 CGE. The perineal approach was necessitated by the range limitation imposed by the Harvard Cyclotron's 16-MeV proton beam. The morbidity profile was 
favorable with only two urethral strictures in patients who had had prior transurethral resections of the prostate and no severe late rectal complications.

First Randomized Trial

In the pre-prostate-specific antigen (PSA) era, the majority of cases of apparently localized prostate cancer presenting to physicians were what we would now regard 
as locally advanced disease. This was therefore the focus of much research effort at that time. From 1982 to 1992, 202 men with T3-T4 tumors were randomized in a 
phase III trial at the Massachusetts General Hospital ( 10). All patients received 50.4 Gy using conventional photons and a four-field box beam arrangement. Half were 
randomized to receive a boost to 67.2 Gy using conventional photons through lateral portals, and the other half were boosted to a total dose of 77.2 CGE with 
perineal protons (Fig. 30-3). Ninety-three of 103 patients randomized to the high-dose arm, and 96 of 99 in the conventional-dose arm received their assigned dose. 
The end points were clinical local failure based on a digital rectal exam, a positive posttreatment transurethral resection of the prostate specimen, or a positive 
rebiopsy (performed on a minority of patients with negative digital rectal examination). After 1989, PSA was used in follow-up, allowing for a biochemical evaluation of 
outcome. There was a trend to an improvement in local control at 8 years, but this did not reach statistical significance (73% high dose vs. 59% low dose, p = .09). 
There was, however, a statistically significant improvement in local disease control at 5 and 8 years for the subset with Gleason 7 to 10 tumors treated in the 
high-dose arm (94% and 84% vs. 64% and 19%). The percentage of positive rebiopsies was also lower for this subset in the high-dose arm, although biases will have 
been introduced here by the fact that not all men with negative digital rectal examinations consented to rebiopsy. This gain in local control was not seen for men with 
lower Gleason grade tumors.

FIGURE 30-3. A: Sagittal computed tomography reconstruction with isodoses of a perineal proton field used at the Massachusetts General Hospital (MGH) to boost 
prostatic tumors. Note the lucite tube and water balloon within the rectum. These serve to displace the posterior rectal wall from the path of the beam and immobilize 
the prostate. B: Transverse computed tomography view through the prostate with isodoses demonstrating the MGH perineal boost.

The improved local outcome for men did not translate into a gain in terms of disease-free survival (biochemical or clinical) or overall survival. In retrospect, this is not 
surprising. All men had large tumors, and most were randomized before the use of PSA screening. Many would have PSA levels surely indicative of metastatic 
disease and, in a comparable contemporary trial, would not have been included, as they could not stand to gain from an improved local measure. Other explanations 
are that the trial was underpowered with, or that the dose escalation was simply insufficient for, that stage of disease.

Perhaps the most useful information to emerge from this trial came from the subsequent analysis of treatment-related morbidity ( 10,11). It must be remembered that all 
patients received full pelvic photon treatment, so no difference would be expected, nor was it seen in terms of small bowel toxicity. The sites of greatest interest were 
the bladder, urethra, and rectum. The actuarial incidence of urethral stricture was seen in 19% of those in the high-dose arm and only 8% in the low-dose arm ( p = 
.07). This was usually relieved by urologic intervention, such that it was only a persistent problem in 2% of patients in each arm. Corresponding figures for late 
hematuria were 14% and 8%, respectively. Among the 78 patients fully potent before irradiation who had not had endocrine therapy for a relapse, the risk of 
subsequent impotence was equal at 60% and 62%.

The actuarial rates of rectal bleeding were higher in the high-dose arm (32% vs. 12%), but in only one patient did this represent a grade 4 problem ( Fig. 30-4). To gain 
greater insight into the relationship between dose and rectal bleeding, a dose-volume histogram analysis was performed on the patients receiving a proton boost, 41 
of whom had bled (12). Patients receiving at least 76.5 CGE to at least 40% of their anterior rectal wall had an 81% actuarial risk of rectal bleeding as compared with 
25% who received this dose to less than 40% (Fig. 30-5). It was also of note that the bleeding risk is not uniquely correlated with the volume receiving the highest 
dose of radiation, because there is also synergy with other parts of the dose-volume histogram. Thus, for a given, fixed high dose and volume, the risk increases 
according to the larger volume receiving a lower dose. A particularly potent synergy comes when greater than 60 Gy is given to more than 70% of the anterior rectal 
wall (Fig. 30-6). No subportion of the dose-volume histogram dominates, and Hartford et al. have made tables of statistically significant and equivalent risk 
combinations (12).

FIGURE 30-4. Actuarial incidence of rectal bleeding for patients treated with 67.2-Gy photons or 77.2-colbalt gray equivalent protons or photons in the Massachusetts 
General Hospital randomized trial. (From Shipley WU, Verhey LJ, Munzenrider JE, et al. Advanced prostate cancer: the results of a randomized comparative trial of 
high dose irradiation boosting with conformal protons compared with conventional dose irradiation using photons alone. Int J Radiat Oncol Biol Phys 1995;32:3–12, 



with permission.)

FIGURE 30-5. Actuarial risk of rectal bleeding for the high-dose patients in the Massachusetts General Hospital randomized trial. This graph shows the significance of 
the volume of anterior (Ant.) rectal wall receiving full dose.

FIGURE 30-6. The risk of rectal bleeding in the high-dose arm of the Massachusetts General Hospital trial depending on lower-dose areas within the rectal dose 
volume histogram and not just the volume receiving full dose. Hartford et al. ( 12) have derived three risk groups according to dose-volume histogram shape. Ant, 
anterior; CGE, cobalt gray equivalent; Mod, moderate.

PROTON BEAM AND PROSTATE CANCER IN THE PROSTATE-SPECIFIC ANTIGEN ERA

In 1991, patients with more “contemporary” prostate cancer began to be treated in large numbers at the dedicated hospital-based facility at Loma Linda University 
Medical Center in California. Patients were treated with a combination of pelvic photons and a proton boost or with protons alone to their prostate, depending on their 
estimated risk of nodal disease. All proton treatments were given using opposed lateral 225- to 250-MeV beams that, together with the regular use of a water-filled 
rectal balloon, allowed for good rectal sparing. The total prostate dose was usually 74 to 75 CGE in 37 to 40 daily fractions. Between 1991 and 1995, 643 men were 
treated. The median follow-up at the time of their first retrospective analysis was 43 months ( 13). Using three successive rises in PSA as a surrogate end point, they 
reported 4.5-year biochemical no evidence of disease (bNED) rates of 100%, 89%, 72%, and 53% for men with pretreatment PSA values of less than 4, 4 to 10, 10.1 
to 20.0, and greater than 20 ng per mL, respectively. These figures are certainly competitive with those seen after radical prostatectomy, high-dose conformal photon 
therapy, or brachytherapy but can only be regarded as preliminary. The definition of failure used in most studies of high-dose therapy is three successive rises in 
PSA. Longer follow-up will be required to avoid artefactual elevations in bNED rates. They are nevertheless very promising.

The study also examined toxicity using the Radiation Therapy Oncology Group criteria. Grade 2 rectal bleeding was seen in 21% of patients at 3 years. No grade 3 
toxicity was seen. Grade 2 genitourinary (GU) toxicity was seen in 5.4% at 3 years and was usually macroscopic hematuria. No urethral strictures were seen. The very 
nature of GU morbidity is that its incidence increases with the passage of years, and the figure quoted will surely rise with time. Nevertheless, these data support the 
hypothesis that modest dose escalation may be safely achieved using conformal proton beams.

SECOND RANDOMIZED TRIAL

In 1995, the Massachusetts General Hospital and Loma Linda University Medical Center decided to launch a common venture to answer the critical question in 
prostate cancer: Does dose matter? Although the answer has certainly been assumed by some authors, new data have emerged, indicating that conventional doses 
of external radiation may be very effective in eradicating the very early–stage prostate cancer so commonly seen in the PSA era ( 14). This begs the question, Can we 
justify the time, expense, and risk of dose escalation in terms of improved cancer control? Under the auspices of the National Cancer Institute and the Proton 
Radiation Oncology Group (PROG), we initiated PROG 95-09. This trial randomized 390 men with T1-2N0-XM0 adenocarcinoma of the prostate and a pretreatment 
PSA of less than 15 ng per mL to receive a 19.8- or 28.8-CGE proton boost to the prostate to be followed without interruption by 50.4 Gy using three-dimensional 
conformal photons to the prostate and seminal vesicles. Although accrual is now complete, the results in terms of freedom from local failure (by planned rebiopsy) or 
biochemical failure are still many years off. It is of note that 97% of men in both arms completed protocol treatment, suggesting that even high doses of radiation are 
very acutely tolerable. In the first analysis of objective toxicity, 3 years after the first patient was accrued, 242 patients could be evaluated. Combined grade 3 GU and 
rectal toxicity was seen in 6.6% of those randomized to 70.2 CGE and 2.5% of those randomized to 79.2 CGE. Only one grade 4 toxicity was seen: temporary urinary 
retention in a man in the high-dose arm.

NEW PROTOCOLS

The collaborative randomized trial completed in 1999 certainly gives no reason to suspect that the minimum tolerated dose has yet been achieved for prostate 
radiation using the proton beam. A new phase I/II study is being activated in which men with early-stage prostate cancer will be treated using protons alone to a total 
dose of 84.6 CGE. If this dose level is tolerable, then it will be tested in a randomized fashion against a dose midway between the two arms of the first trial, 75.6 CGE. 
Eighty patients will be accrued to the phase II study over the next 12 months, but safety, for the purpose of initiating the phase III study, will not be declared until there 
has been 18 months' median follow-up.

It is also time to reexamine the issue of dose escalation in locally advanced prostate cancer. The work of Fuks et al. has shown quite clearly that a second “wave” of 
metastasis follows local failure and is likely the cause of it ( 15). Thus, not all the metastases so commonly seen after the treatment of T3 disease are the consequence 
of occult micrometastases present at diagnosis, and some may be preventable by better local control. Local failure is seen in up to 50% of patients treated 
conventionally for T3 disease, and a persistent tumor may be found on rebiopsy of a significant proportion of the remainder ( 16). Neoadjuvant androgen deprivation 
seems to offer some help in this regard and is now a standard part of treatment for this stage of disease ( 17). Neoadjuvant therapy may be combined with dose 
escalation and is a potentially beneficial approach. A phase I/II PROG trial will also soon begin looking at the safety of pelvic nodal treatment plus a proton boost to 
the prostate and, if indicated, the seminal vesicles to a total dose of 84.6 CGE. These doses will be given against a background of androgen deprivation. Treating 
more advanced disease to high doses presents a greater planning challenge than the treatment of early-stage disease, for the reasons indicated by Hartford et al. 
(12). Although the volumes of the anterior rectal wall receiving full dose can be kept small, the need for wider field treatment to obturator nodes and seminal vesicles 
does increase the rectal volume receiving lower doses and consequently increases the risk of bleeding. This problem challenges all who use three-dimensional 
conformal therapy for locally advanced tumors but wider field treatment is the one to which protons are perhaps best suited.



The ability of the proton beam to treat a concave volume may also be exploited in the treatment of pelvic lymph nodes ( Fig. 30-7). A modulated posterior beam can be 
used to almost entirely avoid the small bowel. This approach may also have application in cancer of the uterine cervix or rectum.

FIGURE 30-7. Dose distribution for treatment to the pelvic lymph nodes using a posterior intensity modulated proton beam. Note the limited bowel irradiation 
compared with treatments using photons. CGE, cobalt gray equivalent.

CONCLUSION

Proton beam radiation is currently the most conformal of all available conformal therapies and outperforms photons plan for plan. Conformal proton beam therapy has 
demonstrated safety and efficacy in the treatment of tumors in difficult radiation dose–limited situations, such as the central nervous system and eye, and in situations 
in which integral dose is critical, such as pediatrics. The prostate is likewise a target needy of higher dose but surrounded by sensitive structures, and National 
Cancer Institute–sponsored studies are now under way to evaluate the role of proton beam. Several new centers are being established in the United States, and 
advances in accelerator technology are starting to reduce the cost of these units. It is therefore likely that proton beam therapy will be brought within the reach of an 
increasing number of prostate cancer patients over the coming years.
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INTRODUCTION

Androgen deprivation is a systemic hormone therapy that induces programmed cell death (apoptosis) and inhibition of cell proliferation in malignant prostate tissue 
(1). When this therapy is applied before definitive treatment for prostate cancer, it is called neoadjuvant androgen deprivation (NAD). The use of NAD before radical 
prostatectomy is controversial. However, review of the literature may provide insight into its application before surgery.

BACKGROUND

In 1941, Huggins and Hodges (2) described the first evidence of androgen sensitivity in prostate cancer. NAD was initially reported by Vallett ( 3) in 1944 and was 
accomplished by bilateral orchiectomy before perineal prostatectomy. Subsequently, several clinicians used bilateral orchiectomy or estrogen, or both, before radical 
prostatectomy for locally advanced prostate carcinoma (4,5,6,7,8,9,10 and 11). One investigator reported a similar 15-year disease-free survival between radical 
prostatectomy for clinically organ-confined prostate cancer and NAD followed by radical prostatectomy for locally advanced prostate cancer ( 11). Despite these 
promising results, NAD did not gain widespread acceptance because of the irreversibility of orchiectomy and the cardiovascular risks associated with estrogens. With 
the advent of luteinizing hormone releasing hormone (LHRH) agonists, reversible androgen suppression could be achieved with minimal toxicity. Renewed interest in 
NAD prompted modern investigations, including prospective randomized trials.

RATIONALE FOR NEOADJUVANT ANDROGEN DEPRIVATION

The rationale for using NAD before radical prostatectomy is to eradicate malignant androgen-dependent cells in the hope that sufficient tumor regression will permit 
complete resection of residual cancer. NAD may benefit men with (a) presumed organ-confined prostate cancer, (b) locally advanced cancer, and (c) occult metastatic 
cancer.

Radical prostatectomy is most likely to cure patients with organ-confined prostate adenocarcinoma. However, predicting which patients have organ-confined disease 
is difficult, because clinical stage does not accurately reflect the extent of tumor. Approximately 50% of men with clinical stage T1 or T2 prostate cancer have 
extension of tumor outside the prostate capsule (12,13 and 14). Furthermore, 20% to 30% of patients with clinical stage T1 or T2 cancer have positive surgical 
margins at prostatectomy (15). Therefore, many men undergoing radical prostatectomy for clinically localized disease have an unfavorable pathologic outcome. 
Perhaps NAD can improve the prognosis of these patients by increasing the chances of complete resection.

Patients with locally advanced prostate cancer are usually not considered candidates for radical surgery, because complete resection is rarely achieved ( 15). 
Preoperative hormone therapy to reduce tumor bulk may permit total resection in these patients. Occult metastatic prostate cancer may occur in some patients who 
are thought to have localized tumors. If NAD can eradicate micrometastatic disease, then radical prostatectomy can cure these patients.

SIDE EFFECTS OF NEOADJUVANT ANDROGEN DEPRIVATION

The specific side effects of NAD depend on the form of therapy administered. Adverse reactions of the more common agents are summarized here. Estrogens may 
cause gynecomastia, impotence, peripheral edema, and altered fat distribution ( 14,16). The most serious complications of estrogen therapy are deep venous 
thrombosis, pulmonary embolism, cerebrovascular accident, and myocardial infarction, which have been reported in up to 5% of patients ( 14,16). LHRH agonists can 
cause testicular atrophy, loss of libido, impotence, hot flashes, body fat redistribution, and weight gain ( 16,17,18 and 19). A potentially serious side effect of an LHRH 
agonist is the flare phenomenon. LHRH agonists may cause an initial transient increase in testosterone that may induce cancer growth and exacerbate tumor-related 
symptoms (i.e., the cancer “flares” up) (17,18 and 19). Occasionally, the flare generates serious sequela, such as ureteral obstruction ( 17,18), spinal cord compression 
(18,19), or possibly death. The clinical impact of the flare phenomenon is obviously stage dependent. The increase in testosterone (above the pre-NAD level) peaks in 
3 to 4 days and lasts for approximately 7 days (17,18 and 19). Thereafter, testosterone continuously declines until castrate levels are reached, in approximately 30 
days (17,18 and 19). Administering an antiandrogen before the LHRH agonist may eliminate the “flare” ( 20). Some clinicians start the antiandrogen and LHRH agonist 
at the same time; however, it may be beneficial to have a steady state level of antiandrogen before starting the LHRH agonist. To reach steady state, the 
antiandrogen should be started four half-lives before giving the LHRH agonist. The antiandrogen should be continued for at least 1 week after the LHRH agonist, 
because the increase in testosterone above pretreatment levels lasts approximately 1 week. However, some clinicians continue the antiandrogen for at least 1 month 
after the LHRH agonist, because it takes approximately 30 days ( 17,18 and 19) for testosterone to reach castrate levels.

Side effects may vary among the nonsteroidal antiandrogens. Most of these agents can cause hot flashes, breast pain, and gynecomastia ( 16,21). Diarrhea is more 
frequent with flutamide (16,21). Rare, serious side effects include hepatitis and cholestatic jaundice ( 16,21). Because a nonsteroidal antiandrogen is often 
administered with an LHRH agonist (combined androgen blockade), side effects of NAD may represent a mixture of those from the antiandrogen and the LHRH 



agonist.

CLINICAL EFFECTS OF NEOADJUVANT ANDROGEN DEPRIVATION

Serum Prostate-Specific Antigen

In nearly all patients ( 22,23), serum prostate-specific antigen (PSA) declines by approximately 90% with up to 3 months of NAD ( 12,14,23,24,25,26,27,28,29,30,31 and 
32). When longer intervals of NAD are administered, serum PSA decreases even further ( 32,33,34 and 35). PSA declines rapidly over the first 1 to 2 months, followed 
by a slower decline from 3 to 8 months (33,34 and 35). PSA nadir is reached in 22% to 34% of patients after 3 months of NAD and 84% to 86% after 8 months ( 33,34 
and 35). Time to PSA nadir is not related to the pretreatment PSA ( 33,35). Undetectable PSA is achieved in 27% to 55% of patients after 3 months of NAD 
(22,28,32,33,35). Continuing NAD achieves undetectable PSA in 60% to 88% of patients at 6 months ( 33,35) and 66% to 73% at 8 months (32,33). Rarely, the PSA 
may not change, despite castrate levels of testosterone ( 33,35).

Downsizing of the Prostate

Several studies demonstrate that the transrectal ultrasound (TRUS)–determined prostate volume decreases by approximately 30% (range, 12% to 52%) after NAD 
(12,14,23,24,25 and 26,28,31,32,36,37,38,39,40 and 41). This reduction in volume probably occurs by atrophy of benign and malignant elements ( 42). Extending the 
duration of NAD from 3 to 8 months results in significantly greater reduction in TRUS prostate volume ( 32).

Decreased Size of the Radiographic Lesion

In patients with radiographic evidence of cancer, the size of the radiographic lesion decreases by approximately 30% ( 38) in at least half of the subjects receiving 
NAD (25,36,40,43). D'Amico et al. (36) found that a reduction in endorectal magnetic resonance imaging tumor volume was significantly associated with 
organ-confined disease at prostatectomy.

Clinical Downstaging of Prostate Cancer

Clinical downstaging is defined as a decrease in the patient's clinical tumor stage after NAD. Clinical downstaging is noted in 40% of men with cT1-T2 tumors ( 25) and 
32% to 90% of men with cT2-T3 tumors (26,31,44) after 3 months of NAD. In patients with cT2b tumors, none had clinical downstaging after 1.5 months of NAD ( 14). 
Downstaging from cT3 to cT2 cancer occurs in 48% to 60% of subjects receiving NAD (14,39). In the authors' experience, the prostate feels more normal (smaller and 
smoother) in the vast majority of patients undergoing NAD. A small portion of subjects (5.1% to 8.3%) are clinically upstaged after NAD ( 14,25).

PATHOLOGIC EFFECTS OF NEOADJUVANT ANDROGEN DEPRIVATION

Problems with Pathologic Interpretation

Accurate histologic assessment is only possible when the pathologist is aware of the factors that may have altered the prostate. Therefore, the clinician must notify 
the pathologist when a patient has received NAD. The histologic changes induced by androgen deprivation can make pathologic interpretation difficult and may lead 
to misinterpretation by the pathologist. Misinterpretation is generally manifested by inappropriate tumor grading or missed tumor foci.

Multiple studies report that tumor grade is higher in prostates exposed to NAD compared to those without preoperative treatment ( 27,33,41,45,46,47 and 48). This 
“upgrading” is paradoxic, because it implies that a more aggressive tumor develops during hormone therapy, when the tumor actually shows marked atrophy ( 49) and 
minimal proliferative activity ( 41). This paradox exists because androgen deprivation significantly affects two of Gleason's ( 50) criteria: tumor gland size and the 
amount of stroma between the tumor glands (49). Androgen deprivation decreases tumor gland size and increases stroma, giving the tumor a high-grade appearance 
(41,49). Thus, a favorable finding (marked response to hormonal therapy) may be misinterpreted as an unfavorable finding (high-grade tumor). With more experience, 
most pathologists can differentiate between androgen withdrawal effect and high-grade tumor ( 51). Nonetheless, standard Gleason scoring in androgen-deprived 
prostate cancer may result in artificially high scores. Therefore, Civantos et al. ( 49) proposed (a) not assigning a Gleason score to prostates that have undergone 
androgen deprivation or (b) using a modified Gleason score that excludes criteria based on gland size and stroma. Using this modified scoring system, they found that 
the variation between biopsy grade and prostatectomy grade was the same in treated and untreated subjects ( 49).

The pathologist may overlook foci of residual cancer for several reasons. First, cytoarchitectural changes may be so extreme that neoplastic elements may not be 
recognized (41,42,52,53). For example, NAD clears the cytoplasm (42,49,52) and reduces the size of the nuclei (41,42,49,52,54) and nucleoli (41,42,47,49,52,55). 
Thus, valuable criteria for determining malignancy (nuclear size and prominent nucleoli) may be lost after NAD. Second, tumors may shrink so much that they become 
difficult to identify by conventional hematoxylin and eosin (H & E) staining ( 33,34,41,42,52,53 and 54). In fact, Gleave et al. (33,34), Witjes et al. (26), and Bazinet et al. 
(54) reported that patients initially classified as pT0 based on H & E staining were found to have microscopic foci of tumor after staining for prostatic acid phosphatase 
(PAP). Third, incomplete or inadequate sectioning of the prostate may contribute to missing positive surgical margins ( 15) or small foci of cancer (49,56). Fourth, the 
pathologist may not have experience in examining prostates exposed to NAD and, thus, may miss the diagnosis ( 51).

Several studies of NAD have attempted to identify unrecognized prostate cancer cells by using additional sectioning ( 49,56) or special stains (26,33,34,41,42 and 
43,54,57). In specimens originally classified as pT0 based on H & E staining, PAP staining revealed microscopic foci of the tumor ( 26,33,34,54). Bazinet et al. (54) 
used immunohistochemical cytokeratin staining with AE AE1/AE3, which stains benign and malignant prostatic epithelial cells, to demonstrate that conventional H & E 
staining resulted in missing 40% of positive margins and 33% of capsular penetration.

Problems in identifying residual cancer after NAD engender questions regarding the validity of all studies that show no residual tumor, decreased positive margins, 
and decreased capsular penetration. Perhaps these pathologic changes are not true effects of NAD but rather misinterpretation of the pathologic specimen. The 
problems in identifying residual cancer after NAD should be kept in mind when reviewing the literature. Thorough examination of the prostate and recognition of 
histologic changes caused by NAD are crucial to determining the existence of a residual tumor. Special stains and additional sectioning may be necessary to 
accurately determine pathologic stage.

Positive Surgical Margins

NAD effects on the prostate may make it difficult to identify the tumor at the resection margin. Karakiewicz et al. ( 57) and Bazinet et al. (54) demonstrated that 
monoclonal cytokeratin antibody staining showed a higher rate of positive margins compared to conventional H & E staining. However, Gleave et al. ( 34) showed no 
difference in positive margins when comparing conventional H & E staining with cytokeratin and PAP staining. Thus, the need for special stains to determine margin 
status remains controversial. Nonetheless, thorough pathologic sectioning should be performed ( 15).

Many randomized and nonrandomized studies demonstrate that NAD significantly decreases the rate of positive margins ( Table 31-1 and Table 31-2). The reason for 
this may include (a) a reduction in prostate volume (12,14,23,24,25 and 26,28,31,32,36,37,38,39,40 and 41) that permits resection of wider surgical margins (62); (b) 
pathologic downstaging of the tumor (13,26,44,61,63), resulting in regression of cancer that would have been at the resection margin; (c) local tissue reaction that 
results in better definition of surgical planes, thus permitting a more effective resection; and (d) misinterpretation by the pathologist ( 26,54).



TABLE 31-1. PROSPECTIVE RANDOMIZED TRIALS COMPARING PATHOLOGIC FINDINGS BETWEEN RADICAL PROSTATECTOMY ALONE AND 
NEOADJUVANT ANDROGEN DEPRIVATION (NAD) FOLLOWED BY RADICAL PROSTATECTOMY

TABLE 31-2. NONRANDOMIZED CONTROLLED TRIALS COMPARING PATHOLOGIC FINDINGS BETWEEN RADICAL PROSTATECTOMY ALONE AND 
NEOADJUVANT ANDROGEN DEPRIVATION (NAD) FOLLOWED BY RADICAL PROSTATECTOMY

The effectiveness of NAD in reducing positive margins depends on clinical tumor stage and biopsy Gleason score. NAD significantly decreases positive margins in 
clinical stage T1 and T2 prostate cancers ( Table 31-1 and Table 31-2) (12,14,21,24,25 and 26,37,49). Prospective randomized studies (14,26,64), nonrandomized 
case-controlled studies (30,60), and uncontrolled studies ( 43) have shown that NAD does not reduce the high incidence of positive margins in clinical stage T3 cancer 
(Table 31-1 and Table 31-2). In most studies, NAD has been administered for the same duration regardless of tumor stage. Because high-stage tumors correlate with 
large tumor volume (65), T3 cancers may require a longer duration of NAD to achieve the same effects seen in smaller, lower-stage tumors. Men with biopsy Gleason 
score greater than 7 have a less dramatic reduction in positive margins with NAD ( 34). Thus, high-grade tumors may be less responsive to androgen withdrawal 
(48,52). The relationship between pretreatment PSA and positive margins is inconsistent. In men with pretreatment PSA greater than 10 ng per mL, Gleave et al. ( 34) 
found that NAD was not effective in reducing positive margins, whereas Kava et al. ( 24) found a significant reduction in positive margins. Dalkin et al. ( 58) reported no 
relation between pretreatment PSA and pathologic outcome.

After NAD, the most common sites of positive margins after radical prostatectomy are the apex (25) and posterolateral (14). In cT1 or cT2 tumors treated with NAD, 
apical (14,25,38), posterolateral (14), lateral (25), and urethral positive margins ( 21) occur significantly less often than without neoadjuvant therapy, whereas the rate 
of positive margins at the bladder neck (prostate base) ( 14,21,25), anterior (25), and posterior (25) are not affected by NAD. In cT3 tumors, NAD did not decrease 
positive margins at the apex, posterolateral, or base ( 14).

In summary, NAD decreases the incidence of positive margins in clinical stage T1 and T2 tumors. Men with clinical stage T3 cancer and Gleason score greater than 7 
are at high risk for positive margins despite NAD.

Capsule Penetration

NAD decreases the rate of capsular penetration and therefore increases the incidence of organ-confined cancer ( 12,13,21,25,26,27,28 and 29,47,61,66,67).

Pelvic Lymph Node Metastasis

Witjes et al. (26) reported a significantly lower rate of pelvic lymph node metastasis in patients receiving NAD compared to those receiving only radical prostatectomy 
(12.8% vs. 23.2%, respectively; p <.01). However, the majority of studies reveals no significant difference in the incidence of pelvic lymph node metastasis ( Table 
31-1 and Table 31-2) (12,21,25,27,28 and 29,60). Thus, it is unlikely that NAD affects lymph node status.

Seminal Vesicle Invasion

Goldenberg et al. (25) reported a significantly higher rate of seminal vesicle invasion in subjects receiving NAD compared to those receiving no pretreatment (27.7% 
vs. 14.3%, respectively; p = .035). However, most studies report no difference in seminal vesicle invasion between subjects receiving and not receiving NAD ( Table 
31-1 and Table 31-2) (21,27,47,68). Thus, NAD does not reduce the incidence of seminal vesicle invasion.

Pathologic Downstaging

Pathologic downstaging occurs when the pathologic stage is lower than the pretreatment clinical stage. Although one study reported that NAD results in no significant 
pathologic downstaging compared to surgery alone (58), most others show significant pathologic downstaging with NAD (13,14,26,61,63). In a metaanalysis of seven 
randomized trials, Bonney et al. ( 63) reported that pathologic downstaging occurred significantly more often after NAD. Approximately 13% to 55% of patients are 
pathologically downstaged after NAD (13,14,26,31,37,39,45). Approximately 6% (range, 0% to 18%) of subjects receiving NAD are downstaged to pT0 
(12,13,21,25,26,35,37,39,43,44,47,54,66,69,70). As stated previously, these patients may be classified erroneously as pT0 because of misinterpretation by the 
pathologist. Nevertheless, it is possible that some subjects have complete tumor regression after NAD ( 43), although this is probably rare.

Pathologic Upstaging

Pathologic upstaging occurs in approximately 9% to 54% of subjects undergoing NAD before radical prostatectomy ( 13,14,39). Upstaging may be caused by poor 
response to NAD, development of androgen insensitive tumor, or inaccurate pretreatment clinical staging.

Gleason Score and Tumor Grade

Multiple studies report that tumor grade is higher in prostates exposed to NAD than in those without preoperative treatment ( 27,33,45,46,47 and 48). As stated 
previously, this “upgrading” is artificial and may be confusing to the clinician. Civantos et al. ( 49) proposed (a) not assigning a Gleason score on prostates that have 
undergone androgen deprivation or (b) using a modified Gleason score that excluded criteria based on gland size and stroma.

Additional Histologic Findings



NAD does not affect all areas of the prostate equally. In fact, up to 43% of prostates treated with NAD had areas of tumor that were not affected ( 52). The histologic 
changes induced by NAD are less prominent in high-grade tumors ( 48,52). The most common histologic effects of NAD are summarized in Table 31-3. In benign 
prostate tissue, NAD increases gland atrophy, basal cell prominence or hyperplasia, vacuolization of the inner cell layer, squamous metaplasia, and transitional 
metaplasia but reduces the occurrence of high-grade prostatic intraepithelial neoplasia. In malignant prostate tissue, NAD increases gland atrophy, cytoplasmic 
vacuolization, cytoplasmic clearing, nuclear condensation, stroma between glands, squamous metaplasia, and lymphocytic infiltration but reduces the prominence of 
the nucleoli. NAD significantly decreases the incidence of neural invasion ( 37,47) but does not influence vascular invasion ( 47). NAD rarely induces necrosis 
(37,48,49,52).

TABLE 31-3. HISTOLOGIC EFFECTS OF NEOADJUVANT ANDROGEN DEPRIVATION (NAD) ON BENIGN AND MALIGNANT PROSTATE TISSUE

NAD causes many different architectural patterns in malignant prostate tissue. The most common pattern is characterized by decreased size and density of neoplastic 
glands and is usually associated with increased stroma between glands ( 49,52,70). This pattern has been referred to as the LHRH effect (49,52). The second most 
common pattern, initially described as hemangiopericytoma-like ( 70), consists of branching clefts lined with tumor cells ( 52,70). A third pattern exhibits lymphocytic 
infiltration and large tumor cells with clear or vacuolated cytoplasm ( 42,49,52). Occasionally, NAD results in markedly dilated tumor glands that may mimic benign 
atrophic glands (41,70).

Circulating Prostate Cancer Cells

Investigations using reverse transcriptase-polymerase chain reaction demonstrate that NAD decreases circulating prostate cancer cells in the blood ( 72) and bone 
marrow (43,68). Thus, NAD may eliminate micrometastatic disease. Su et al. (72) reported that circulating prostate cancer cells increased immediately after radical 
prostatectomy, then gradually declined. This trend existed regardless of whether the patient received NAD, suggesting that prostate manipulation during surgery 
causes hematogenous dissemination of tumor. Nonetheless, circulating prostate cancer cells occurred less frequently with NAD at each time point compared to 
surgery alone, implying that NAD may reduce dissemination from surgical manipulation. These studies suggest that NAD may be capable of eliminating 
hematogenous micrometastasis that occurs before surgery and those that occur from surgical manipulation. However, follow-up data are needed to determine whether 
these findings will improve survival.

In patients with prostate cancer cells in their bone marrow, Wood et al. ( 68) found organ-confined cancer in 45% of subjects receiving NAD, compared to 6% in men 
undergoing surgery alone ( p = .018). This indicates that some men undergoing NAD have local tumor regression, resulting in what appears to be organ-confined 
cancer, but still have circulating micrometastatic disease. In other words, NAD may influence the local tumor more than the metastasis. This may explain why NAD 
before radical prostatectomy has not improved disease-free survival.

EFFECT OF NEOADJUVANT ANDROGEN DEPRIVATION ON SURGERY, HOSPITAL STAY, AND COMPLICATIONS

With a large prostate, NAD may facilitate resection by reducing prostate volume and creating more space for a surgeon to operate. However, a moderate or small-size 
prostate may recede further under the pubic bone during NAD, making access to the prostate more difficult and the dissection, especially at the apex, more arduous 
(Solway, unpublished observations, 2000). The authors have observed extensive periprostatic fibrosis in some patients who have received NAD. When this fibrosis is 
present, the apical dissection is often more difficult. Seminal vesical adherence to the periprostatic tissue may occasionally make radical prostatectomy more difficult 
after NAD (21). However, most authors report no difference in the difficulty between radical prostatectomy alone and surgery after NAD ( 14,25). In addition, the ability 
to perform nerve sparing does not appear to be altered by NAD ( 21,25). However, when NAD induces periprostatic fibrosis, nerve sparing may be more difficult 
(Solway, unpublished observations, 2000). NAD before radical prostatectomy does not significantly alter mean hospital stay ( 21,26), operative time (14,21,26,31,44), 
surgical blood loss (14,21,25,26,31), volume of blood transfused (21), or the number of patients requiring transfusion ( 25).

Rectal and ureteral injuries, which rarely occur during radical prostatectomy, occurred even less often after NAD in a multiinstitutional study ( 21). Gleave et al. (25) 
reported no difference in intraoperative complications between men receiving and not receiving NAD. The incidence and type of postoperative complications are not 
significantly different ( 25,26).

SURVIVAL AFTER NEOADJUVANT ANDROGEN DEPRIVATION AND RADICAL PROSTATECTOMY

Positive surgical margins and capsular penetration are associated with an increased risk of progression ( 15). Because NAD decreases the incidence of positive 
margins and capsular penetration, clinicians hoped these pathologic findings would translate into improved survival. However, prospective randomized 
(59,64,71,73,74 and 75) and nonrandomized case-controlled (28) studies have shown no difference in disease-free survival between NAD and no neoadjuvant 
treatment with up to 4 years of follow-up (Table 31-4). Furthermore, no study has demonstrated a difference in overall survival. The reasons why NAD has not 
improved survival may include (a) follow-up has not been long enough to detect a difference in survival; (b) the decrease in positive margins or capsular penetration, 
or both, is spurious; (c) the pathologic findings are accurate, but androgen deprivation leaves behind islands of tumor outside the limits of resection; or (d) NAD may 
produce androgen-insensitive clones that metastasize before radical prostatectomy.

TABLE 31-4. TRIALS COMPARING BIOCHEMICAL PROGRESSION BETWEEN RADICAL PROSTATECTOMY ALONE AND NEOADJUVANT ANDROGEN 
DEPRIVATION (NAD) FOLLOWED BY RADICAL PROSTATECTOMY

In subjects receiving NAD, biochemical failure rate is higher in those with positive margins ( 34,73) and higher pathologic stage ( 12,34,73). With NAD before radical 



prostatectomy, the effect of pretreatment PSA on recurrence is unclear. Some studies could not predict recurrence based on pretreatment PSA ( 45,69). Gleave et al. 
(34) reported a higher biochemical failure rate in men with pretreatment PSA greater than 10 ng per mL, whereas Klotz et al. ( 73) found that men with PSA of 25 to 50 
ng per mL failed less often. In subjects receiving NAD, the effect of pretreatment Gleason score on progression is also unclear. Seventeen percent of subjects with a 
Gleason score of 7 or greater recurred biochemically, compared to 6% with a Gleason score less than 7 ( 34). However, other studies have demonstrated no 
difference in progression based on Gleason score ( 73). Note that pathologic Gleason score after NAD may be artificially high and may confound comparisons of 
Gleason score and progression.

Although NAD decreases capsular penetration and positive margins, improved pathologic outcome has not translated into longer survival with approximately 4 years 
follow-up. Men with positive margins and high pathologic stage are more likely to recur despite NAD.

WHO SHOULD BE TREATED WITH NEOADJUVANT ANDROGEN DEPRIVATION?

Based on the literature, it is impossible to determine which patients, if any, should receive NAD. However, the following observations may help identify the men who 
are likely to benefit from NAD.

NAD significantly reduces positive margins in clinical stage T1 and T2 cancer ( Table 31-1 and Table 31-2) (12,14,24,25,37,49). Although these findings have not 
translated into improved disease-free survival, the improved pathologic outcome may eventually provide a long-term benefit. Although NAD has not decreased 
positive margins in clinical stage T3 cancer ( 14,26,30,60,64), these patients may still derive an unrecognized benefit through reduction in total tumor burden.

Among men with clinical stage T1-T2, well- or moderately differentiated prostate cancer and PSA less than or equal to 4 ng per mL, Rabbani et al. ( 79) found that 89% 
of patients had organ-confined, margin-negative specimens. In a study with more than 90% of subjects having well- or moderately differentiated clinical stage T1c or 
T2a tumors and PSA less than 20 ng per mL, Dalkin et al. ( 58) reported no statistically significant difference in the pathologic outcome between men treated and not 
treated with 3 months of NAD. Thus, subjects with well-or moderately differentiated clinical stage T1 or T2a tumors and low PSA rarely achieve improved pathologic 
outcome after 3 months of NAD and, therefore, are unlikely to benefit from NAD. We await the results of the Canadian Uro-Oncology Group trial ( 32) to determine 
whether these patients benefit from a longer duration of NAD. Avoiding NAD in men who have a high likelihood of organ-confined disease can prevent the side effects 
associated with hormone therapy (80).

Because NAD has not improved disease-free or overall survival, we do not recommend it. If the clinician is considering NAD, then we recommend enrolling the patient 
in a clinical trial, if possible. Men with low-stage, low- or moderate-grade tumors, and low PSA are unlikely to benefit from NAD. We consider NAD before radical 
prostatectomy for men with clinical stage T2c or T3a prostate cancer, because they are at high risk for a positive surgical margin ( 15). We do not perform nerve 
sparing in these patients because of the high risk of capsular penetration into the neurovascular bundle in these stages ( 15).

WHAT IS THE OPTIMUM AGENT(S) FOR NEOADJUVANT ANDROGEN DEPRIVATION?

The type of NAD varies considerably. Some of the most recent agents include LHRH agonist alone ( 27,78), LHRH agonist with antiandrogen 
(13,21,24,26,27,33,44,59,75,76 and 77), cyproterone acetate (25,69,73), cyproterone acetate and diethylstilbestrol ( 33,35), and estramustine (14). Gomella et al. (45) 
found no difference in the biochemical recurrence rate between men receiving neoadjuvant LHRH agonist alone and men receiving LHRH agonist with flutamide. 
However, this study was nonrandomized and examined only 21 patients. There have been no prospective randomized studies comparing regimens. Therefore, the 
optimum NAD agent is unknown.

WHAT IS THE OPTIMUM DURATION OF NEOADJUVANT ANDROGEN DEPRIVATION?

The optimum duration of NAD is not clear. In fact, the end point that indicates adequate preoperative response to NAD has not been elucidated. Currently, two end 
points are applied: (a) PSA nadir (43) and (b) completion of a specific duration of NAD.

Prostate-Specific Antigen Nadir

Theoretically, ablation of androgen-sensitive tumor cells is completed when PSA nadir is achieved. However, it is unclear whether the serum PSA reflects the degree 
of apoptosis (81). Soloway et al. (21) demonstrated that preoperative PSA nadir after NAD did not correlate with the incidence of positive surgical margins, suggesting 
that PSA nadir may not be an appropriate end point. In addition, the PSA nadir is not related to the presence of circulating prostate cancer cells ( 68).

Perhaps patients do not benefit from NAD unless they achieve an undetectable serum PSA. However, McLeod et al. ( 22) showed that there was no difference in 
positive margins between subjects achieving an undetectable preoperative PSA and those with a detectable PSA after NAD. They concluded, “Our series supports the 
contention that it is not necessary to achieve an undetectable level of PSA prior to surgery.”

Specific Duration of Neoadjuvant Androgen Deprivation

Most studies have investigated 3 months of NAD. However, this duration of treatment is somewhat arbitrary. The clinician must balance the time to achieve maximum 
tumor reduction and apoptosis with the time to emergence of androgen-insensitive tumors.

During androgen deprivation in humans, apoptosis in the prostate begins in 2 weeks and reaches completion by approximately 8 weeks ( 81). This observation 
suggests that administering NAD for more than 3 months will not achieve additional tumor cell death. In addition, Van der Kwast et al. ( 82) demonstrated that 
extending NAD therapy to 6 months did not result in further reduction of prostate weight.

Some clinicians suggest that continuing NAD for more than 3 months is preferable. PSA nadir is reached in only 22% to 34% of patients after 3 months of NAD, 
compared to 84% to 86% after 8 months (33). When NAD therapy is extended from 3 to 8 months, TRUS-determined prostate volume continues to decline ( 32). In 
addition, median pathologic tumor volume was 60% less in men treated with 6 months compared to 3 months of NAD (82). A smaller prostate and lower tumor volume 
may imply a greater chance of complete excision. In fact, Gleave et al. ( 32) showed a significantly lower positive margin and capsular penetration rate after 8 months 
of NAD compared to 3 months. Similar findings were reported after 6 months of NAD (9.1% positive margins after 6 months of NAD vs. 27.8% after 3 months), 
although this difference was not statistically significant ( 82). Gleave et al. (32) reported no difference in the occurrence and seriousness of adverse events when NAD 
was continued for 8 months.

In the Shionogi mouse mammary carcinoma, an androgen-sensitive cell line, androgen independence develops after approximately 30 days of androgen withdrawal 
(56). Recent studies on the LNCap cell line indicate that androgen resistance may develop in a little as 2 weeks ( 83). These findings fuel concern that 
androgen-insensitive tumor cells may rapidly proliferate during NAD in humans, resulting in preoperative metastases or poor pathologic outcome at prostatectomy. 
With 3 months of NAD, Civantos et al. (49) found that 43% of prostatectomy specimens contained tumors that appeared unresponsive to hormone therapy. Using 
MIB-1 immunostaining for proliferative activity, Van der Kwast et al. ( 82) reported no evidence of androgen insensitivity after 3 months of NAD, but 2 of 17 tumors 
appeared hormone resistant after 6 months of NAD. In subjects undergoing 8 months of NAD, Gleave et al. ( 33) found no increase in proliferative activity between the 
prostatectomy specimen and the pretreatment prostate biopsy (based on staining with proliferation cell nuclear antigen and Ki-67). In fact, Ki-67 was markedly 
suppressed after 8 months of NAD, suggesting that androgen-insensitive cells did not develop with up to 8 months of NAD.

Based on limited and somewhat conflicting data, androgen-independent tumors may or may not develop with up to 8 months of NAD. Although androgen-insensitive 
clones may develop during short periods of NAD, it is unclear whether these clones are clinically significant.

WHAT ARE THE POTENTIAL ADVANTAGES OF NEOADJUVANT ANDROGEN DEPRIVATION?

NAD may have several potential advantages, including decreased serum PSA, reduction in prostate size, clinical downstaging, pathologic downstaging, decreased 
positive surgical margins, decreased capsular penetration, and decreased circulating prostate cancer cells. None of these findings has translated into improved 
disease-free or overall survival. Perhaps long-term benefit is not apparent, because duration of follow-up is inadequate.



WHAT ARE THE POTENTIAL DISADVANTAGES OF NEOADJUVANT ANDROGEN DEPRIVATION?

Problems in identifying residual cancer after NAD engender questions regarding the validity of all studies that show improved pathologic outcome. Although clinicians 
consistently report improved pathologic parameters after NAD, it rarely eliminates the neoplasm completely and has not altered survival. Without demonstrable 
long-term benefit, patients receiving NAD may assume unnecessary risks and experience needless side effects. NAD adds substantial cost and may make surgical 
dissection more difficult. Furthermore, some patients may experience psychological distress from delayed definitive treatment.

CONCLUSION

NAD has consistently improved clinical and pathologic parameters in prostate cancer treated with radical prostatectomy. NAD induces a 90% decline in serum PSA, 
shrinks the prostate by approximately 30%, and causes clinical downstaging. NAD does not appear to affect intraoperative blood loss, hospital stay, surgical 
complications, or difficulty of surgery; however, it does add substantial cost to treatment and causes side effects (albeit rarely serious). NAD consistently improves 
pathologic outcome after radical prostatectomy in patients with clinical stage T1 or T2 prostate cancer by pathologic downstaging, reducing positive margins, and 
increasing organ confinement. NAD may be capable of eliminating hematogenous micrometastasis that occur before surgery and those that occur from surgical 
manipulation. Despite these observations, NAD has not altered survival with up to 4 years of follow-up.

Currently, there is insufficient information regarding the following key aspects of NAD: (a) the end point that determines adequate preoperative response to NAD; (b) 
the optimum NAD regimen; (c) the population, if any, in which NAD before radical prostatectomy should be used; (d) the development of androgen-insensitive clones 
during NAD and their clinical significance; and (e) the question, Will survival improve with longer follow-up? To help elucidate these issues, men receiving NAD 
should be considered for clinical trials when possible.
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INTRODUCTION

A significant proportion of prostate cancers is progressive and lethal if untreated. One of the greatest challenges facing the practicing physician in managing prostate 
cancer is to identify which prostate cancer patients require therapy and to determine the best treatment for each individual case. With a paucity of data from 
prospective trials randomizing patients to local regional therapy versus observation, physicians are often left basing decisions regarding whether or not to treat on 
large, nonrandomized series confounded by selection bias and varying definitions of treatment failure. Moreover, much of the published data has reported 
biochemical recurrence as the principal end point, yet, the relationship between biochemical failure and overall or cancer-specific survival remains poorly defined 
(1,2).

In 1998, approximately 200,000 men were diagnosed with prostate cancer (3), and nearly 40,000 men died from the disease. The majority of newly diagnosed 
prostate cancer is clinically localized, and such cancers can be categorized as being curable by local therapy (low risk) or likely to recur after local regional treatment 
(high risk). The purposes of this chapter are to identify clinical parameters indicative of prostate cancer that are at high risk for progressing after radiation or surgery, 
to characterize the natural history of this relatively aggressive form of prostate cancer, and to examine adjuvant and neoadjuvant treatment options for such high-risk 
cancers.

PARAMETERS FOR IDENTIFYING HIGH-RISK CANCERS

There have been numerous attempts to define the clinical course of prostate cancer. Because of the aforementioned unknowns in treating these patients, it is 
important to identify a subset of individuals who are likely to progress regardless of the local regional therapeutic modality and to concentrate efforts toward improving 
survival in this patient population. Patients with a low biopsy Gleason sum, low prostate-specific antigen (PSA), and clinically localized prostate cancer have superior 
results with only subtle differences among various therapies ( 1,2,4,5 and 6). As summarized later, those individuals with a high PSA, high Gleason sum, and 
advanced-stage prostate cancer tend to have a poor prognosis after local regional therapy. Strategies to improve survival in this subset of patients are needed.

Clinical Stage as a High-Risk Parameter

Given the widespread use of PSA as a screening tool, the proportion of prostate cancer with advanced clinical stage has decreased; however, its overall incidence 
remains unchanged (3). Locally advanced adenocarcinoma of the prostate (clinical stage T3-4) is defined as a tumor that extends through the prostate capsule or 
invades adjacent organs (including the seminal vesicles). Historically, at the time of pelvic lymphadenectomy, approximately 35% to 46% of patients with clinical T3 
cancers harbored positive lymph nodes (7,8), and, in men with high-grade T3 prostate cancer, the likelihood of nodal involvement approached 93% ( 7).

At least three observational cohorts demonstrate that the natural history of clinical stage T3 cancers portends a worse prognosis than stage T1-T2 cancers. In 1993, 
Adolfsson (9) reported on 50 men with clinical stage T3 prostate cancer who were managed conservatively, with 58% receiving androgen deprivation for progression. 
Cancer-specific survival for this cohort was favorably skewed by predominance of lower-grade cancers, advanced age of the patients at diagnosis, and competing 
early non–cancer-related mortality. Nevertheless, 9-year cancer-specific survival was 70% in those patients with T3 cancers, which is significantly lower than the 90% 
10-year cancer-specific survival ( 10) reported by the author in a T1-2 cohort managed in a similar fashion. Johansson ( 11) retrospectively reviewed 642 patients with 
prostate cancer managed conservatively with observation followed by androgen deprivation for progression. Cancer-specific survivals were 85% for stage T1-2 
disease compared to 66% for stage T3-4 disease at 10 years of follow-up. Interestingly, patients younger than 61 years accounted for 44% of the prostate cancer 
deaths, demonstrating that competing (non-cancer) mortality for older men (e.g., older than 65 to 70 years of age) can favorably skew cancer-specific survival data 
and consequently underestimate the cancer risk in selected observation cohorts. Finally, Rana reviewed 199 patients with T2-4NxM0 prostate cancer and found a 
50% to 70% 10-year cancer-specific survival for stages T3-4 ( 12) compared to 85% to 90% (9,11) for stages T1-2, despite 86% of these patients having received 
early hormonal therapy.

These findings indicate that clinical stage T3-4 prostate cancer has a more aggressive natural course than clinical stage T1-2 cancer. The aggressive nature of locally 
advanced disease is associated with a decrease in cancer-specific survival and should be regarded as a risk factor for disease progression.

Biopsy Gleason Score as a High-Risk Parameter

The Gleason score is consistently associated with survival independent of clinical stage or other factors. In 1994, Chodak ( 13) reviewed 828 patients with clinically 
localized prostate cancer treated with delayed hormonal therapy or observation in a metaanalysis of six previously published series. The 10-year cancer-specific 
survival for Gleason sum 2 to 7 tumors was 87%, compared to only 34% for Gleason sum 8 to 10 cancers. Despite possible selection bias affecting the series as a 
whole, the survival data indicate the disparity in the disease-free survival between poorly differentiated and well-differentiated tumors.

The largest single cohort study to assess the natural history of prostate cancer not having undergone definitive local regional therapy is comprised of the analyses of 
the Connecticut Tumor Registry reported by Albertsen ( 4,14). Gleason sum 8 to 10 cancers comprised only 10% of the cohort but accounted for 25% of the cancer 
deaths. Fifteen-year cancer-specific survivals for Gleason sums of 7 or less were found to be as high as 70% to 96% and 30% to 58%, respectively, compared to only 
23% to 40% survival for Gleason sums 8 to 10 cancers (Fig. 32-1). The pivotal role of high tumor grade in identifying patients with poor prognosis was confirmed by 
Johansson (11), who reported that 68% of patients with high-grade prostate cancer died of this disease compared to fewer than 38% of those with lower-grade 
cancers.



FIGURE 32-1. Prostate cancer mortality is significant among Gleason sum 7 or Gleason sum 8 to 10 tumors at all ages when managed conservatively (without 
surgery or radiation). The black-shaded area represents a proportion of conservatively treated patients dying of prostate cancer based on age at diagnosis. The 
gray-shaded areas represent death from competing causes in this cohort. Notice that overall 15-year mortality is consistently 85% for patients with conservatively 
managed Gleason sum 8 to 10 cancer cases who did not undergo surgery or radiation. Observed reduction in prostate cancer–specific mortality at later ages appears, 
simply owing to increasing risk of competing mortality; thus, these data do not support the notion that prostate cancer risk is reduced with advancing age at diagnosis. 
(From Albertsen PC, Hanley JA, Gleason DF, et al. Competing risk analysis of men aged 55 to 74 years at diagnosis managed conservatively for clinically localized 
prostate cancer. JAMA 1998;280:975–980, with permission.)

In summary, biopsy Gleason sum 8 to 10 prostate cancer is a harbinger of adverse outcome among men receiving definitive surgery or radiation, and many such men 
die of their cancer before 10 to 15 years of follow-up. Conservative management (i.e., observation without any intervention) for Gleason sum 8 to 10 tumors should 
not be considered the standard of care regardless of age for patients with life expectancies greater than 10 years. Figure 32-1 illustrates the high cancer mortality in 
the Connecticut Tumor Registry cohort all of whom were managed expectantly (4), and demonstrates the detrimental impact of high-grade prostate cancer at all ages.

Prostate-Specific Antigen as a High-Risk Parameter

Serum PSA level is commonly used as a screening tool to detect prostate cancer in its early stages. PSA was used to detect 68% of prostate cancers in 1990 
compared to only 5.8% in 1984 (15). To our knowledge, however, there is no published long-term survival data for patient cohorts managed by observation and 
evaluated in the context of serum PSA at diagnosis. Owing to the paucity of data examining the overall survival among men with elevated PSA managed expectantly, 
the use of PSA as a marker for adverse prognosis can instead be evaluated in context of the association of PSA greater than 20 ng per mL with adverse pathology 
(i.e., seminal vesicle invasion or the presence of lymph node metastases) as a surrogate measure of local regional therapy failure.

Partin et al. found that preoperative serum PSA levels were significantly elevated in patients with nodal spread or seminal vesicle invasion ( 6). However, the 
predictive value of elevated PSA is low: Although serum PSA levels higher than 20 ng per mL are associated with a four times higher risk of seminal vesicle or lymph 
node involvement, only 20% and 17% of patients, respectively, with PSA greater than 20 ng per mL had such adverse pathology. Thus, although nodal involvement 
and seminal vesicle invasion are much more likely to occur in men with a PSA greater than 20 ng per mL, selected men with such elevated PSA in surgical cohorts 
may, nevertheless, be effectively treated by surgery. Therefore, pretreatment PSA in the moderately elevated range (20 to 50 ng per mL) has limited use for 
identifying cancers at a high risk of progression, unless such PSA values are evaluated in the context of other variables, such as Gleason score. The use of PSA in 
identifying high-risk cancers has been enhanced by models combining Gleason sum, clinical stage, and pretreatment ( 6,16,17,18 and 19). These models are, at 
present, limited by the use of biochemical progression rather than survival as an end point ( 20).

Summary of Parameters to Identify High-Risk Prostate Cancers

In summary, review of natural history data and information regarding predictive factors suggests that a Gleason sum greater than 7, a clinical stage greater than T2, 
and a serum PSA at diagnosis greater than 20 are factors that contribute significantly to the risk of prostate cancer progression. Patients harboring either Gleason 
sum higher than 7 or clinical stage greater than T2 cancers are at high risk of progression and cancer death, and this risk is magnified by serum PSA greater than 20 
ng per mL at diagnosis. These patients are more likely to have progressive disease, may die of their cancer if managed expectantly, and can require additional 
therapies beyond the usual standard of surgery or radiation monotherapies, as discussed later.

STANDARD PRIMARY THERAPIES FOR HIGH-RISK PROSTATE CANCER

Hormonal Therapy

Each of the prostate cancer series that has been studied to define the natural history of high-risk disease includes patients who, at some point during their clinical 
course, received some form of androgen deprivation therapy. This concept stemmed from the investigations by Huggins and Hodges ( 21) in 1941 that describe 
significant clinical responses in men with metastatic prostate cancer treated with androgen ablation.

In the late 1960s and early 1970s, the Veterans Administration Cooperative Urological Research Group (VACURG) revisited the effects of hormonal therapy on locally 
advanced and metastatic prostate cancer. In study 1, patients with locally advanced prostate cancer (stage III) and patients with metastatic disease or elevated acid 
phosphatases (stage IV) were randomized to receive a placebo, diethylstilbestrol (DES), orchiectomy, or DES and orchiectomy ( 22). The study's findings challenged 
the long-held belief that androgen deprivation conferred a survival benefit to patients with advanced prostate cancer. A trend toward a cancer-specific survival benefit 
(although not significant in overall survival) was seen for castration in stage IV cancers, whereas administration of a placebo resulted in higher survival than DES in 
stage III patients, likely related to the cardiotoxicity of DES.

The results from study 2 showed a survival advantage for hormonal therapy in stage IV but not in stage III cancers, despite DES cardiotoxicity ( 23). The VACURG 
findings implied that, although patients with advanced prostate cancer may not incur a survival advantage when treated with chronic hormonal therapy using DES 
instituted early during their cancer management (stage III), they may sustain an overall survival benefit when treated with androgen deprivation at some later point 
during their clinical course (stage IV). However, the VACURG studies lacked statistical power to assess negative effects, and the cardiovascular toxicity of high-dose 
DES contaminated the overall survival results.

The Medical Research Council (MRC) enrolled patients with locally advanced or asymptomatic metastatic prostate cancer in a randomized study to compare 
immediate and delayed hormonal therapy (24). The MRC study noted that 67% of all deaths were attributed to prostate cancer, reiterating that patients with advanced 
prostate cancer do not have an indolent disease. Interestingly, the study noted a statistically significant difference in prostate cancer mortality between deferred and 
immediate treatment groups, 55% versus 43%. The overall mortality was also statistically significant, 78% versus 70%. Patients who received deferred therapy were 
also three times as likely to require a transurethral resection of the prostate and twice as likely to have spinal cord compression or pathologic fractures. These findings 
suggest a possible benefit to initiating hormonal therapy in high-risk prostate cancer patients before clinical or symptomatic progression.

However, a definitive recommendation regarding when to begin hormonal therapy in patients with asymptomatic, high-risk prostate cancer is elusive. Certainly, men 
with local or distant symptoms from their prostate cancer should receive hormonal therapy, and it may be beneficial to begin hormonal therapy before the onset of 
symptomatic progression. Although the MRC study suggested a benefit in survival to patients receiving early hormonal therapy, no studies have yet incorporated 
asymptomatic PSA progression as criteria for instituting hormonal therapy. The ability to assess asymptomatic progression of high-risk cancers by evaluating serum 
PSA changes therefore represents an opportunity for further refining hormone therapy initiative and is in need of prospective evaluation in clinical trials.

Radical Prostatectomy

Radical prostatectomy can cure some, but not all, high-risk prostate cancers (as defined by the criteria of Gleason sum higher than 7, clinical stage greater than T2, or 
PSA greater than 20 ng per mL). It has been suggested that even when not curative, radical prostatectomy may prolong survival in such cases ( 25,26,27,28 and 29). 



This section focuses on the results of radical prostatectomy in individuals with such high-risk cancers ( Table 32-1) (Fig. 32-2).

TABLE 32-1. PROGRESSION-FREE SURVIVAL AFTER RADICAL PROSTATECTOMY IN HIGH-RISK PATIENTS

FIGURE 32-2. Progression-free survival after radical prostatectomy or external beam radiation suggests more favorable outcome than that after brachytherapy for 
Gleason score higher than 7 cancers (surgery vs. brachytherapy, p = .06; radiation vs. brachytherapy, p = .05). (From D'Amico AV, Whittington R, Malkowicz B, et al. 
Biochemical outcome after radical prostatectomy, external beam radiation therapy, or interstitial radiation therapy for clinically localized prostate cancer. JAMA 
1998;280:969–974, with permission.)

Radical Prostatectomy for High Gleason Sum Cancers

Tumor grade clearly affects the likelihood of recurrent-free survival and overall survival after radical prostatectomy. In a retrospective review pooling data from eight 
universities, Gerber (30) found that the 10-year cancer-specific survivals were significantly different for Gleason sum 2 to 4 (low-grade), Gleason sum 5 to 7 
(intermediate-grade), and Gleason sum 8 to 10 (high-grade) tumors for men undergoing radical prostatectomy for clinically localized prostate cancer. The 10-year 
cancer-specific survival for men with high-grade tumors was only 77%, compared to 94% in men with low-grade prostate cancer. This effect was reflected in similar 
trends in 5-year PSA-free survival in other studies ( Table 32-1). The important role of the biopsy Gleason sum as an adverse factor for cancer-free survival at 10 
years after radical prostatectomy was affirmed by recent data from The Johns Hopkins Hospital ( 1). Among patients who underwent radical prostatectomy by Walsh, 
the 5-year PSA-free survivals were 92% for cancers with Gleason scores less than 7 and 66% for Gleason scores equal to 7, compared to 41% for Gleason score 8 to 
10 cancers (1). D'Amico found similar trends for patients treated at Harvard or the University of Pennsylvania, as shown in Figure 32-2 (5). It is notable that only half 
of such men with PSA recurrence develop clinical metastases by 5 years after their first postsurgical rise in PSA ( 20). Despite lower rates of durable cancer-free 
survival after radical prostatectomy for high-grade cancers (compared to lower-grade cancers), a significant proportion of men do experience significant cancer control 
after surgery as monotherapy for these cancers (Table 32-1). Indeed, cancer control by surgery for high-grade prostate cancer is no worse than (and may be better 
than) that of alternative primary therapies, such as radiation ( Fig. 32-2) (Table 32-2). The significant likelihood of postsurgical progression in high Gleason sum 
cancers does warrant the development of successful systemic adjuvants. Nevertheless, surgery is a reasonable initial treatment option for Gleason score 8 to 10 
cancers in patients without competing co-morbidities.

TABLE 32-2. PROGRESSION-FREE SURVIVAL AFTER RADIATION THERAPY IN HIGH-RISK PATIENTS

Radical Prostatectomy for Locally Advanced Prostate Cancer (Clinical Stage T3)

Radical prostatectomy is not commonly used as a means to eradicate disease in patients with clinical T3 to T4 disease. Nevertheless, some T3 cancers can be cured 
by radical prostatectomy, as evidenced by outcomes in at least three recent large cohort studies at leading centers. At The Johns Hopkins Hospital, Pound ( 1) found 
that patients with clinical T3a prostate cancers treated by radical prostatectomy had an 8-year recurrence-free rate of 52%. Although a less favorable outcome than 
for earlier stage (T1-2) cancers, such survival without the elimination of cancer in half of the cases suggested some efficacy of radical prostatectomy as therapy for 
select T3a cancers (Table 32-1). At the Mayo Clinic, Lerner (26) reviewed 812 patients with clinical T3 prostate cancer who underwent radical prostatectomy. The 
10-year cancer-specific survival in this large cohort was 80%, and, at 15 years, only 31% of these patients had died of their prostate cancer. The results are 
somewhat confounded by the fact that 60% of the population received some form of adjuvant therapy. A notable finding in the Mayo series was that 17% of patients 
thought to have extraprostatic extension on rectal exam (clinical T3) were found to have organ-confined cancers on surgical pathology (pathologic stage T2). The 
effectiveness of surgery or radiation in selected clinical stage T3 cases, therefore, can partially be explained by the inaccuracy of digital rectal examinations and 
consequent overestimation of clinical stage in some cases. In a retrospective multiinstitutional pooled analysis, Gerber ( 25) reviewed results in 298 men with clinical 
T3 prostate cancer who intended to undergo radical prostatectomy. Eighty-one percent of these men had a radical prostatectomy with bilateral lymph node dissection, 
whereas the remainder had a pelvic lymph node dissection alone. Ten-year cancer-specific survival in all patients managed surgically was only 57%. However, 
patients with clinical T3 disease who underwent bilateral pelvic lymph node dissection in addition to radical prostatectomy had a 10-year cancer-specific survival of 
70%, suggesting a possible survival benefit with radical prostatectomy in select cases. Absence of even a biochemical recurrence in a significant proportion of such 
T3 cases 5 years after radical prostatectomy further attests to a potential role for surgery in select cases ( Table 32-1).



Radical Prostatectomy for Patients with High Prostate-Specific Antigen

Widespread use of screening PSA and, consequently, preoperative PSA information have been widely available only in the past 10 years, and, hence, preoperative 
PSA has been used principally to predict pathologic outcome and postoperative recurrence, with little data available regarding overall survival. Favorable pathology 
(i.e., organ-confined prostate cancer) in the radical prostatectomy specimen is much less frequent in patients with a preoperative PSA greater than 20 ng per mL. The 
presence of such adverse pathology after radical prostatectomy has been correlated with decreased survival ( 25,28,29). For example, patients with PSA values 
greater than 20 ng per mL have been noted to have a 5-year PSA-free survival of only 54% ( Table 32-1), compared to 72% to 94% in men with preoperative PSA 
values less than or equal to 20 ng per mL (1). The median time from biochemical failure to the onset of metastatic disease in this cohort was 8 years, and the 
subsequent time to death was 5 years (20). Despite the higher risk of postsurgical recurrence for patients with preoperative PSA greater than 20 ng per mL, a subset 
of such individuals nevertheless remains free of clinical cancer at 10 years, providing the rationale for using radical prostatectomy as an option for definitive therapy in 
these patients.

Summary: Radical Prostatectomy as Monotherapy for High-Risk Cancers

In summary, selected high-risk prostate cancer patients with clinical stage T3, biopsy Gleason sum 8 to 10, or markedly elevated PSA (who have a life expectancy 
greater than 10 years) may benefit from radical prostatectomy and should be offered surgery with a curative intent ( Table 32-1). However, due to the significant 
possibility of progression by such cancers after radical prostatectomy, the possible role of systemic adjuvant therapy merits comment ( 31).

Hormone Therapy as an Adjuvant for Radical Prostatectomy

Radical prostatectomy provides excellent pelvic control of pathologic stage T3 or greater prostate cancer, and recurrences are usually distant ( 32,33). Hence, 
high-risk prostate cancers could potentially benefit from an effective systemic adjuvant. One such approach entails hormonal therapy administered as a neoadjuvant; 
an alternative approach entails use of hormonal therapy as a postsurgical adjuvant in select high-risk cases.

Neoadjuvant Hormonal Therapy before Radical Prostatectomy for High-Risk Cancers

Hypothetical rationale supporting the use of hormonal therapy as a neoadjuvant before radical retropubic prostatectomy includes prompt apoptosis and growth 
inhibition of the hormonally responsive subset of prostate cancer cells. It has been speculated that this effect may render locally advanced cancers amenable to 
complete resection (34). However, the flaw of this hypothesis is suggested by the presence of hormonally independent components in such locally aggressive 
cancers. Figure 32-3 demonstrates that neoadjuvant hormonal therapy (before radical prostatectomy) would be expected to cause an artifact of apparently reduced 
pathology stage due to elimination of hormonally sensitive cells. However, the distribution of androgen-independent cancer cells (within and beyond the surgical 
margin) is not changed by the hormonal neoadjuvant, and, therefore, systemic recurrence (due to persistence of fatal, androgen-resistant cells) is not affected by the 
hormonal neoadjuvant despite a predictable, misleading pathologic “downstaging” that is due to artifact ( Fig. 32-3). This flaw in the hypothetical benefit of hormonal 
neoadjuvant before radical prostatectomy has been confirmed in clinical studies: Despite the artifactual misleading effects of hormonal neoadjuvant on reducing 
apparent pathology stage and margin status, clinical recurrence and progression are not changed by the hormonal neoadjuvant in retrospective and prospective, as 
well as randomized, clinical trials ( 35,36,37,38,39,40,41,42,43,44 and 45). Moreover, neoadjuvant hormonal therapy can delay the time to definitive (surgical) treatment 
and needlessly expose patients to significant hormonal side effects in the absence of demonstrated benefit. We therefore recommend against the routine use of 
neoadjuvant hormonal therapy before radical prostatectomy, even in the setting of high-risk cancers.

FIGURE 32-3. Flaws in the hypothesis of neoadjuvant hormonal therapy before radical prostatectomy. Hormonal treatment decreases tumor size and eradicates 
hormone-sensitive cells before surgery (A). Androgen-insensitive prostate cancer cells are not affected by androgen deprivation and can remain around the margins 
of resection to facilitate a local recurrence (B).

Hormone Therapy as a Postsurgical Adjuvant

Postsurgical adjuvant hormonal therapy, in contrast, enables the practitioner to offer systemic therapy continuously and specifically to those who are at risk for 
progression after radical prostatectomy based on pathologic stage. The potential benefit of postsurgical hormonal adjuvant therapy was recently shown in a 
randomized prospective trial of continuous postsurgical androgen deprivation for prostate cancer with lymph node involvement ( 46). Men who had undergone radical 
prostatectomy and had prostate cancer extension to the pelvic lymph nodes were randomized to receive immediate hormonal therapy (orchiectomy or goserelin) or 
hormonal therapy at the time of disease progression (radiographically evident metastases or symptomatic local recurrence). At a mean follow-up of 7.2 years, only 
4.3% of patients who received immediate androgen deprivation died of prostate cancer compared to 31% of men who were managed with deferred treatment. Clinical 
progression and biochemical recurrence rates for immediate and delayed hormonal therapy were 9% and 56% and 11% and 19%, respectively. Thus, only 20% of 
patients who were treated with postsurgical adjuvant hormonal therapy recurred, compared to 75% of those in whom hormonal therapy was delayed. Although the 
cohort was relatively small (n = 98), the results suggested a significant survival benefit related to immediate and continuous adjuvant hormonal therapy in men with 
regional lymph node metastases.

In summary, neoadjuvant hormonal therapy before radical prostatectomy lacks evidence of survival benefits despite its artifactual effect on pathologic stage and 
margin status (Fig. 32-3). Conversely, patients who are noted to have lymph node involvement at the time of the radical prostatectomy appear to gain a survival 
advantage from continuous postsurgical hormonal adjuvant therapy. The latter (postsurgical) hormonal adjuvant strategy differs from the neoadjuvant approach in the 
disease severity of the treated cases as well as in the duration of hormonal therapy. Regardless of whether analogous postsurgical adjuvant hormonal therapy will 
yield similar benefits in patients with high-risk cancers (e.g., defined by high Gleason score, clinical stage, or markedly elevated PSA) awaits appropriate studies.

Radiation Therapy for High-Risk Prostate Cancer

Radiation therapy has been an acceptable treatment for localized prostate cancer and is currently used in approximately 25% of these patients ( 47). It is also the most 
used local regional treatment modality in men with locally advanced disease. Since the advent of PSA, however, the use of conventional external beam radiation has 
been criticized. Local failure rates of 38% have been reported in patients followed prospectively with transrectal ultrasound-guided biopsies after standard external 
beam radiotherapy (48). To achieve an acceptable PSA-free survival, Schellhammer ( 49) proposed that conventional radiation therapy be reserved for patients with a 
clinical stage T1-2a, Gleason sum of 6 or less prostate cancers with pretreatment PSA less than or equal to 10 to 15 ng per mL. Patients with clinical characteristics 
other than these would benefit from the addition of hormonal therapy or dose escalation, or both. This section reviews the results of conventional and conformal 
radiotherapy in men with high-risk prostate cancers ( Table 32-3).



TABLE 32-3. CANCER CONTROL WITH SALVAGE PROSTATECTOMY FOR LOCALIZED PROSTATE CANCER RECURRENCE AFTER RADIATION THERAPY

Ten-year clinical disease-free survivals for patients undergoing conventional radiation therapy for clinical stage T1-2 range from 60% to 81%, whereas clinical stage 
T3-4 patients have been reported to be as low as 17% to 55% ( 50,51 and 52). When PSA values are used as an end point, these failure rates increase by 10% to 
35% (53). The Massachusetts General Hospital experience included 1,044 patients with T1-4NxM0 treated between 1977 and 1991 ( 54). These men received a total 
tumor dose of 68.4 Gy. The 10-year biochemical disease-free survival for T1-2 patients was 40%, whereas only 18% of men with clinical stage T3-4 prostate cancer 
remained free from PSA recurrence. When analyzing these subsets and including only high-grade patients, the same survivals fall to 20% and 10%, respectively. The 
results of 707 patients with clinical stage T1-4NxM0 prostate cancer treated with conventional radiation therapy with total doses ranging from 60 to 70 Gy were 
reported (55). Approximately half of men with clinical stage T3-4 or high-grade prostate cancer (including Gleason sum 7) remained free from any recurrence at 5 
years, compared to almost 75% of patients with clinically localized tumor or Gleason sums 2 to 6 prostate cancer. Of note, only 23% of individuals with a pretreatment 
PSA greater than 20 ng per mL were without recurrence at 5 years, whereas 84% of patients with a PSA less than 4 ng per mL were free of disease. Given that 
conventional radiation has failed to demonstrate durable results in the treatment of high-risk prostate cancer, newer techniques, including whole-pelvic and 
dose-escalating three-dimensional conformal radiotherapy, have been used in attempts to overcome some of the shortcomings of the traditional delivery methods.

Whole-pelvic radiotherapy, in addition to prostatic radiotherapy, has been studied to determine whether there is any added benefit to its use. It is commonly used and, 
in theory, is thought to add a tumor-killing benefit to patients with microscopically disseminated disease in the regional lymph nodes ( 56). The majority of series that 
have examined whole-pelvic versus prostate radiation alone have concluded that there is no added benefit to treating the entire pelvis ( 53). A recent series noted that 
men who received whole-pelvic radiotherapy had a higher biochemical recurrence rate at 5 years (53%) than those who received prostate radiotherapy alone (38%) 
(57). Hence, whole-pelvic radiotherapy, although commonly used, has an unknown role in treating men suspected of having node-positive prostate cancer. Until data 
from randomized prospective trials are available, patients suspected of having nodal involvement would best be served by treatment with radiotherapy and adjuvant 
hormones for which there is a proven survival benefit ( 58).

Conformal techniques were developed to improve on some of the shortcomings of conventional methods. Conformal radiation therapy allows for a higher dose 
delivery to the prostate and seminal vesicles while minimizing the deleterious effects on the bladder and rectum. Fiveash ( 59) reported the results of a 
multiinstitutional series of high-risk patients who received conformal radiation therapy. The patient population consisted of men with high-grade prostate cancer, 42% 
of whom had locally advanced disease. The 5-year PSA-free survival for patients with T1-2 prostate cancer was 79% compared to only 45% in men with T3-4 disease. 
Results from other cohorts are less promising. A report on 707 men with prostate cancer treated with conformal techniques ( 57) noted that only 23% of clinical stage 
T3-4 patients were free from any recurrence at 5 years. Eighty-eight percent of patients with preradiation therapy PSA values of less than or equal to 4 ng per mL 
were free of disease, compared to only 30% of patients with a PSA greater than 20 ng per mL. Patients with Gleason sums 2 to 6 and Gleason sums 8 to 10 had 
5-year biochemical disease-free survivals of 61% and 34%, respectively. These data reiterate the suboptimal results of contemporary radiation approaches to 
high-risk patients. Nonetheless, conformal radiation therapy appears to result in improved biochemical survival when compared to conventional radiotherapy 
techniques.

Radiation Therapy Combined with Hormonal Therapy

Results using radiation therapy for clinical stage T3-4 prostate cancers are poor, with durable cure rates as low as 17%. Unacceptable failure rates have driven 
investigators to search for a means to augment the efficacy of radiation therapy. Hormonal therapy induces apoptosis in prostate cancer cells, potentially increasing 
radiation sensitivity and cancer control at a given radiation dosage. Proponents of adjuvant and neoadjuvant hormonal therapy in addition to radiation therapy cite 
three randomized prospective trials that point to statistically significant biochemical and metastases-free survivals and, in one, overall survival.

In 1995, preliminary results from the Radiation Therapy Oncology Group (RTOG) 86-10 trial were reported ( 60). Four hundred seventy-one patients with clinical stage 
T2b-T4Nx-2M0 and a tumor volume greater than 25 cm2 by digital rectal examination were randomized to receive either whole-pelvic radiotherapy with a prostate 
boost to a total of 65 to 70 Gy or the aforementioned plus neoadjuvant hormonal therapy with goserelin and flutamide beginning two months before and continuing 
throughout radiation therapy. Biochemical disease-free and metastases-free survival were significantly improved in the neoadjuvant hormone arm. The 5-year local 
control rate in the neoadjuvant hormone arm was significantly higher at 54% compared to only 29% in the radiation only arm. However, 5-year overall survivals for the 
neoadjuvant hormonal therapy and radiation alone groups were both approximately 60%.

In 1997, Pilepich (61) reported results of RTOG 85-31, which was designed to determine the effects of adjuvant hormonal therapy on patients treated with definitive 
radiation therapy. In this study, 977 patients with T3Nx-0M0, T1-4N1-3M0, or pT3N0-3M0 were randomized to receive whole-pelvic radiation with a prostate boost 
(prostatic fossa irradiation only in postprostatectomy patients) or radiation with adjuvant goserelin beginning the last week of therapy and lasting indefinitely or until 
progression. Like RTOG 86-10, significant improvements in the 5-year local control rates, biochemical disease-free, and metastases-free survivals were noted in the 
adjuvant treatment group. Once again, however, overall survivals in the adjuvant hormonal therapy group and radiation alone group were no different—75% and 71%, 
respectively. However, a significant overall survival benefit was noted in men who received adjuvant hormonal therapy with Gleason score 8 to 10 prostate cancer.

The most convincing data supporting the use of androgen deprivation in conjunction with radiation were reported in the European Organization for the Research and 
Treatment of Cancer (EORTC) 22863 (58). The population consisted of high-risk patients with T1-2N0-xM0 and World Health Organization grade 3 or T3-4N0-xM0 
prostate cancer. A total of 415 patients were randomized to undergo whole-pelvic radiation with a prostate boost or radiation plus adjuvant goserelin beginning the 
first day of radiation and lasting for 3 years. Cyproterone acetate was given during the first month to prevent androgen flare effects. A significant difference in overall 
survival was noted for patients who received adjuvant therapy when compared to those who underwent radiation therapy alone. Five-year overall survival for the two 
groups was 79% and 62%, respectively (p = .001).

Each of these three randomized prospective trials cites significant benefits associated with hormonal neoadjuvant for radiation therapy as measured by 5-year 
recurrence or progression-free survival, whereas only one study showed an overall survival benefit. This discrepancy in overall survival effects of hormonal 
neoadjuvant can be reconciled based on the RTOG 85-31 observation of a survival benefit limited to high-risk patients. The 5-year survival of 62% noted in EORTC 
22863 (58) for patients treated with radiation alone is much lower than similar survivals (71% to 78%) reported by the RTOG ( 60,61), suggesting that the EORTC 
22863 cohort may have included more high-risk cancers than the RTOG studies. If the hormonal neoadjuvant benefit is limited to high-risk cases (as seen in RTOG 
85-31), then a predominance of high-risk cases in EORTC 22863 can explain the overall survival differences. Irrespective of how these different studies are 
reconciled, evidence from at least two randomized studies points to a survival benefit from hormonal therapy as a neoadjuvant to radiation. Despite the possible 
benefits of such neoadjuvants, the ability of radiation therapy to control high-risk prostate cancers does not appear to be very different than that of radical 
prostatectomy (Table 32-1 and Table 32-2) (Fig. 32-2).

Brachytherapy is mentioned only for completeness in this setting, because patients with high-risk disease generally do not fair well with modality of treatment. D'Amico 
(5) reported on 1,872 patients with clinically localized prostate cancer who were treated with radical prostatectomy, external beam radiation therapy, or interstitial 
radiation implants with or without neoadjuvant hormone therapy. The patients were divided into low- (T1c-2a, PSA less than or equal to 10 ng per mL, and Gleason 
sum of 6 or less); intermediate- (T2b, PSA 10 to 20 ng per mL, or Gleason sum 7); and high- (T2c, PSA greater than 20 ng per mL, or Gleason sum of 8 or higher) risk 
groups. PSA failure was defined as three consecutive rises in PSA measured at least 3 months apart. Patients undergoing brachytherapy in the intermediate-and 
high-risk groups had a three times higher risk of cancer progression at 5 years when compared to radical prostatectomy, and this was not improved by adding 
neoadjuvant hormonal therapy (Fig. 32-2). Therefore, brachytherapy may not be as effective as radical prostatectomy or conformal radiation therapy in treating 



high-risk prostate cancer. Use of brachytherapy for such cancers should at present be limited to an investigational setting. Progression free survival rates observed in 
the retrospective cohort analysis by D'Amico et al. also failed to show any advantage over radiation therapy compared to radical prostatectomy in controlling high-risk 
cancers, regardless of whether neoadjuvant hormonal therapy was used (Fig. 32-2). These data again demonstrate no distinct advantage of either surgery or external 
beam radiation therapy in treating high-risk prostate cancers, although each appears to be more effective than brachytherapy.

SALVAGE THERAPY FOR LOCALLY RECURRENT PROSTATE CANCER

Patients who fail definitive local therapy for their prostate cancer are, by definition, high-risk patients. Salvage radical prostatectomy or radiation therapy should be 
offered to select individuals who have recurrent local disease but have no indications of metastatic cancer. In general, all men who are considered for salvage therapy 
should be fully evaluated for the presence of metastatic disease with a bone scan; CT scan of the abdomen and pelvis; PSA; and, possibly, prostatic acid 
phosphatase. Patients should also be counseled on higher complication rates associated with salvage therapy.

Salvage Radical Prostatectomy

Patients treated with radiation therapy have evidence of locally persistent prostate cancer in as much as 38% of patients biopsied, with a potentially significant rate of 
local recurrence and related progression at 10 years of follow-up ( 47,48). Thus, select patients who are found to have persistent localized prostate cancer without 
evidence of a distant recurrence may be considered for salvage therapy.

Salvage radical prostatectomy for locally recurrent or persistent cancers after radiation therapy may be associated with significant subsequent cancer control but is 
also associated with significant morbidity (Table 32-3). The evidence supporting an effect of salvage radical prostatectomy in controlling or eliminating such cancers is 
based on retrospective analyses of small surgical cohorts in which significant associations with improved recurrence-free survival based on risk stratification were 
observed. Tefilli ( 64) reported results on 27 patients who received either radical prostatectomy (n = 24) or radical cystectomy (n = 3) for radioresistant prostate cancer. 
All patients had histologic confirmation of persistent prostate cancer more than 18 months after radiation therapy and had a preradiation PSA of less than 20 ng per 
mL. After salvage surgery, 44% of patients were biochemically free of disease (PSA less than 0.4 ng per mL) at a median follow-up of 34 months. Pathologic organ 
confinement among these cases was associated with improved progression-free survival: All ten cases with organ-confined cancers showed no biochemical evidence 
of disease, whereas only 2 of 17 individuals with extraprostatic disease did not progress. Despite a rather lengthy (18 months) pause after primary radiation, these 
results suggest that salvage radical prostatectomy can be associated with subsequent cancer control in select cases.

Other studies have corroborated the association of salvage radical prostatectomy with subsequent cancer progression–free survival. The 10-year cancer-specific 
survival among 108 patients with recurrent prostate cancer treated with salvage prostatectomy at the Mayo Clinic was 70% ( 47). Similarly, Rogers et al. found a 
nonprogression rate of 55% at 5 years reported among 40 men who underwent salvage prostatectomy after definitive radiotherapy ( 63). In this study, a subset of 
patients who had a preoperative PSA of less than 10 ng per mL had a more favorable outcome (87% 5-year PSA-free survival). These findings suggest that early 
intervention in patients with a rising PSA after radiation therapy may afford better cancer control than surgery delayed until PSA is greater than 10 ng per mL. Of 
interest, however, pathologically organ-confined cancer was found even in some (albeit only 15%) patients with PSA greater than 10 ng per mL before salvage radical 
prostatectomy. Therefore, elevated PSA greater than 10 ng per mL does not preclude possibly effective cancer therapy via salvage radical prostatectomy in a small 
subset of cases.

Morbidity associated with salvage prostatectomy, however, is higher than that seen with primary radical prostatectomy. Complications including incontinence, vesicle 
neck contracture, and rectal injury were reported to be 50% to 63% ( 47,62,63 and 64), 11% to 28%, and 15%, respectively. Nonetheless, high local recurrence rates 
for radiation-resistant prostate cancers mandate that select men with isolated localized tumors be considered for surgical treatment at a time when cure remains 
possible.

Salvage Radiation Therapy

Men with locally recurrent prostate cancer after radical prostatectomy may be candidates for salvage radiation therapy. However, only a small proportion of men who 
undergo radical prostatectomy subsequently develop regionally confined recurrence amenable to radiation. For example, Pound et al. found that fewer than 5% of 
patients selected for radical prostatectomy at The Johns Hopkins Hospital were found to have such local regional recurrence at 10 years' follow-up ( 1). In this series, 
129 men developed rising PSA after prostatectomy, and the vast majority (84%) of such recurrences were systemic. Nevertheless, the remaining subset of men with 
local regional recurrence may benefit from radiation salvage. Risk factors for local recurrence amenable to radiation salvage have included PSA recurrence more than 
2 years after surgery, Gleason sum less than 8, and absence of seminal vesicle or lymph node extension at the time of radical prostatectomy ( 65,66). A review of 
salvage radiation therapy cohorts followed for 13 to 50 months found a PSA response as high as 64% ( 67). However, the effectiveness of radiation alone in these 
postsurgical patients is confounded by the fact that many received hormonal therapy at some point. Tefilli ( 64) reported on a cohort of 43 patients treated with salvage 
radiotherapy, none of whom received neoadjuvant or adjuvant hormonal therapy. The mean time to PSA recurrence in these patients after surgery was 24 months. At 
a mean follow-up of 31 months after salvage radiotherapy, 74% were found to have an undetectable PSA. The authors concluded that salvage radiotherapy is best 
suited for patients with node-negative prostate cancer whose postprostatectomy PSA has not risen above 2 ng per mL.

In contrast to salvage radical prostatectomy (for which prior radiation compounds the subsequent morbidity of surgery), the morbidity of salvage radiation therapy 
does not appear to be compounded by the prior surgery (64,65,66,67 and 68) and is associated with quality of life effects similar to those of standard radiation. 
Moreover, a retrospective analysis of a single cohort, in which outcomes of salvage surgery after radiation were compared to outcomes of salvage radiation after 
surgery, found significantly better quality of life when radical prostatectomy preceded radiation ( 68).

In summary, salvage therapy may be offered to select individuals with a PSA recurrence at least 2 years after definitive local therapy. Patients should be thoroughly 
evaluated for metastatic disease with a bone scan and abdominal pelvic CT scan, and, if these studies are negative, patients having previously received radiation 
should undergo prostate biopsy not earlier than 18 months after radiation therapy is completed. PSA rise immediately after radiation or surgery is a harbinger of high 
likelihood of metastatic cancer not as likely to respond to local salvage. Once the 2-year initial follow-up of the primary therapy has been completed, salvage therapy 
is most effective if implemented early after biochemical recurrence (as delay is likely to result in further progression). Finally, consideration must be given to the 
patient's overall health and co-morbidities, and quality of life benefits may be optimized if surgery precedes radiation rather than if radiation precedes surgery. 
Salvage therapy should not be offered to patients who are not expected to outlive their prostate cancer if left untreated.

CONCLUSION

Natural history data suggest that criteria for defining high-risk prostate cancer include high biopsy grade (Gleason scores 8 to 10), clinical stage T3, and markedly 
elevated serum PSA (greater than 20 ng per mL). Review of published series and comparative studies indicates that either radical prostatectomy or external beam 
radiation therapy can provide adequate cancer control for patients with such high-risk prostate cancers. Neither of these therapies (surgery or external beam 
radiation) shows a clear advantage over the other with regard to cancer control. Conversely, surgery, as well as external beam radiation, may be more effective at 
controlling high-risk cancers than less aggressive approaches, such as brachytherapy. Hormonal therapy has modest efficacy as a neoadjuvant with radiation for 
high-risk cancers in general or as a postsurgical adjuvant after radical prostatectomy for cancers with lymph node involvement. However, progression-free survival 
data (as well as tenets of androgen-independent mechanisms of prostate cancer progression) do not support the use of hormone therapy as a surgical neoadjuvant. 
Finally, retrospective quality of life outcome data suggest that salvage therapy strategies for combining surgical therapy and external beam radiation may be best 
accomplished when surgical removal is performed before later radiation salvage, as needed. New therapies for use as systemic adjuvants for high-risk prostate 
cancer are clearly needed, but radical prostatectomy or external beam radiation can nevertheless achieve cancer control in a significant proportion of these cancers.
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DEFINING ADJUVANT TREATMENT

Adjuvant postprostatectomy treatment  is defined here as the administration of radiotherapy for high-risk pathologic features in the setting of an undetectable 
prostate-specific antigen (PSA). Some have categorized the treatment of patients with a detectable PSA postprostatectomy that have undergone radiotherapy within 6 
months of surgery as adjuvant (1). However, this is more appropriately classified as an attempt at salvage ( 2,3 and 4). Those with a detectable PSA 
postprostatectomy are at a much higher risk of harboring regional or distant metastasis, a considerable local tumor burden, or both. Although the use of radiotherapy 
in the treatment of patients with a persistently elevated postprostatectomy PSA is consistent with the concept of adjuvant therapy, it is difficult to determine the extent 
of regional or distant spread, using available imaging methods. The main focus of this chapter is on the outcome of patients who are candidates for, or have received, 
adjuvant radiotherapy.

The premise for the use of adjuvant external beam radiation therapy (EBRT) postprostatectomy is that, in the setting of adverse pathologic findings, surgery usually 
does not result in the complete extirpation of the tumor, and residual prostate cancer cells remain in the surgical bed. As has been pointed out by Anscher ( 5), leaving 
behind 106 to 107 tumor cells without any normal prostate tissue would result in a serum PSA of approximately 0.035 ng per mL [calculated from estimates that 1 cc of 
prostate cancer results in a serum PSA of 3.5 ng per mL (6)]. This PSA level is below the threshold of detection for most assays. The rationale for the administration 
of adjuvant radiotherapy within 6 months of radical prostatectomy for high-risk pathologic features is that a significant percentage of these patients will eventually 
develop local recurrence, and local recurrence will predispose to metastatic disease and reduce survival. The correlation of local prostate cancer recurrence to distant 
metastasis is well established (7,8 and 9). The discussion below is divided into two sections. A summary of the surgical data relating to the incidence of and outcome 
associated with adverse pathologic features is described first, followed by a discussion of the results of adjuvant radiotherapy.

SELECTION OF PATIENTS FOR ADJUVANT RADIOTHERAPY

Biochemical Failure as a Surrogate for Clinical Relapse

The use of the detectable or rising PSA profile as an early indicator of relapse has greatly augmented the characterization of high-risk pathologic features at 
prostatectomy. Although PSA is secreted in small amounts by some nonprostatic tissues (10), for all practical purposes, a detectable serum PSA after radical 
prostatectomy is consistent with eventual clinical failure ( 9). The same conclusions hold using ultrasensitive PSA assays that measure levels below 0.1 ng per mL 
(11,12). Most genitourinary specialists consider a PSA of greater than 0.2 to 0.4 ng per mL as evidence of failure to control the disease surgically. A rise in PSA above 
this threshold postoperatively is an excellent predictor of future clinically detectable disease. PSA has been shown to rise 3 to 5 years before clinical relapse occurs 
(13,14).

There are several lines of evidence that document a strong correlation between biochemical failure and clinical outcome. After prostatectomy for clinical T1-T2 
(cT1-T2) disease, the PSA drops to undetectable in more than 95%. When biochemical failure is manifest, vesicourethral anastomosis and prostatic fossa biopsies 
are positive in the majority (15,16). In the series by Pound et al. (9), no man developed local or distant failure without an elevation in PSA. They reported that the 
median time to distant metastasis after biochemical failure was 8 years. The main correlates of the development of distant metastasis were postprostatectomy PSA 
doubling time and time from surgery to a rise in PSA. A rise in PSA postprostatectomy is the earliest and most consistent evidence of tumor progression.

Determinants of Recurrence after Prostatectomy

The main local pathologic risk factors associated with increased clinical or biochemical failure, or both, are extracapsular extension (ECE), seminal vesicle invasion 
(SVI), high Gleason score (higher than 6), and a positive margin (margin+) ( 13,17,18,19 and 20). There are clearly interactions between these factors. For example, 
the combination of ECE and Gleason score higher than 6 is associated with higher failure rates than ECE with Gleason scores of 6 or less ( 13,17,18 and 19). Also, the 
prognostic value of the extent of margin positivity (focal vs. extensive or single vs. multiple) is affected by Gleason score ( 17).

The detection of regional metastasis in the lymph nodes [lymph node invasion (LNI)] constitutes another distinct high-risk group. In the majority of cases, planned 
prostatectomy has been aborted with the finding of LNI on frozen section, although enthusiasm for completing surgery combined with long-term androgen ablation is 
gaining strength (21,22). Radiotherapy combined with androgen ablation as primary treatment for LNI has also been used with success ( 23). Because there is limited 
information available on the role of adjuvant radiotherapy postprostatectomy in this cohort ( 24), this topic is not discussed further.

The incidence of ECE ranges from 32% to 61% in clinically organ-confined (cT1-T2) prostate cancer ( Table 33-1) (25,26,27,28,29,30,31,32,33 and 34). SVI is 
approximately 10%, and lymph node positivity is approximately 5%. Margin positivity, which is the strongest determinant of relapse after radical prostatectomy in 
seminal vesicle–negative and lymph node–negative cases, is seen in 15% to 43%. It should be noted that SVI [pT3c, 1992 American Joint Committee on Cancer 
(AJCC) staging system (35)] is a subset of ECE. Because the prognosis associated with ECE without SVI (pT3a,b; 1992 AJCC staging system) is much better than 
that with ECE with SVI (pT3c), these entities should be segregated. Considerable stage migration has been observed since PSA was introduced as a screening tool. 
The incidence of ECE (27,36,37), margin positivity (17), and lymph node involvement (36,37) has declined.



TABLE 33-1. INCIDENCE OF ADVERSE PATHOLOGIC FEATURES IN PROSTATECTOMY SPECIMENS FROM CT1-T2 PATIENTS

The risk of adverse pathologic features is a function of clinical stage. The AJCC 1992 staging system discriminates the risk of such adverse features to a greater 
degree than the 1997 system. Han et al. (38) reported rates of ECE, SVI, and LNI of 47.1%, 5.5%, and 3.5% for category cT2a, whereas for category cT2b the rates 
were 54.1%, 7.8%, and 11.4%. Likewise, Ramos et al. (29), Kupelian et al. (33), and Stamey et al. (39) have found a higher incidence of pT3 disease for category 
cT2b over cT2a. The rates of pT3 for cT2b and cT2c were similar in all of these series. The differences described for cT2a and cT2b also extend to rates of positive 
margins and biochemical outcome.

Table 33-2 (40,41 and 42) displays the relationships of the adverse pathologic features and the risk of biochemical failure. The 5- and 10-year freedom from 
biochemical failure rates related to ECE are variable and affected by margin positivity, SVI, Gleason score, and nodal involvement. When the seminal vesicles and 
lymph nodes are not involved, margin positivity is the most important pathologic determinant of outcome. The risk of biochemical failure is approximately 40% to 60% 
at 5 years, with additional failures seen between 5 and 10 years. That many of these patients have an isolated local recurrence is clear. In summary, the rationale for 
adjuvant radiotherapy is based on sound observations that patients with adverse pathologic features are at high risk of eventual disease relapse and that local 
recurrence, although not readily apparent, is a prominent component of failure, as defined by a rising PSA.

TABLE 33-2. RELATIONSHIP OF EXTRACAPSULAR EXTENSION (ECE) AND MARGIN POSITIVITY TO FREEDOM FROM BIOCHEMICAL FAILURE

ADJUVANT RADIOTHERAPY

Radiotherapy Technique and Dose

Typically, a four-field arrangement is used for the adjuvant treatment of prostate cancer postprostatectomy. There is a trend to move away from specifying dose to the 
isocenter and specify dose to a planning target volume, which is consistent with the International Commission on Radiation Units and Measurements criteria ( 43). In 
addition, three-dimensional (3D) treatment planning and conformal radiation therapy (CRT) is being applied more frequently in the postoperative setting ( 44 and 45). 
Figure 33-1 shows examples of anterior and lateral fields planned using 3D CRT. In the example shown, the bladder neck, which has been pulled down into the 
prostatic fossa, has been outlined as an estimate of the planning target volume. The periprostatic surgical clips have also been outlined as a guide to defining the 
surgical bed. Radiation doses have traditionally been lower in adjuvant, as compared to salvage, treatment. Doses have ranged from 45 Gy to more than 60 Gy ( Table 
33-3) (46,47,48,49,50,51 and 52). Recently, Valicenti and colleagues ( 53) described a dose response for patients treated adjuvantly for pT3N0 prostate cancer. They 
divided patients into those treated to less than or equal to 61.2 Gy (n = 14) versus those treated to greater than 61.2 Gy (n = 38). The 3-year biochemical no evidence 
of disease (bNED) rate for the low-dose group was 64%, compared to 90% for those who received the higher dose ( p = .015). Because small numbers of patients 
were used in this study, the investigators were unable to perform a multivariate analysis controlling for the possible unequal distribution of prognostic factors. 
Petrovich et al. (47) have advocated doses of 45 to 54 Gy depending on pathologic criteria with reasonable results. However, in their latest publication, no difference 
in outcome was found between patients treated adjuvantly to these doses and a group of high-risk prostatectomy patients not treated with radiation from their 
institution. The need for doses above 61.2 Gy is uncertain but is recommended until other dose-response evidence is forthcoming.

FIGURE 33-1. Example of adjuvant conformal radiation therapy fields. A: Anterior-posterior view. B: Right lateral view.(See also color Figure 33-1.)

TABLE 33-3. FREEDOM FROM BIOCHEMICAL FAILURE AFTER ADJUVANT EXTERNAL BEAM RADIATION THERAPY

The timing of radiotherapy after radical prostatectomy in the adjuvant setting has not been studied in any detail. Most investigators classify treatment as adjuvant 
when radiotherapy is administered within 3 to 6 months of radical prostatectomy. In our experience, 3 months may not be enough in many cases to allow for return of 
urinary continence. Our policy is to wait for the return of urinary continence but to administer radiation within 6 months of radical prostatectomy, even if urinary 



incontinence persists.

Clinical Failure after Adjuvant Radiotherapy

A number of series, mainly from the pre-PSA era, have found that local failure is reduced after adjuvant radiotherapy for high-risk features postprostatectomy 
(46,54,55,56,57 and 58). Anscher et al. (5,57) reported that local control at 10 years was 92% for those receiving adjuvant radiotherapy versus 60% for those who did 
not receive any adjuvant treatment. The difference in local control was much greater at 10 years than at 5 years, illustrating the need for long-term follow-up using this 
end point. The effect on local control usually has translated into a benefit in overall disease freedom, but there is no evidence that adjuvant radiotherapy impacts 
distant metastasis or survival. The problem with relating improved local control to a reduction in distant metastasis and death due to progression is that large numbers 
of patients are required. This is particularly true for prostate cancer studies, because androgen ablation effectively prolongs the time to the development of distant 
metastasis and patients are elderly, often dying of intercurrent disease before there is evidence of progression. The small retrospective studies performed to date 
have been inadequate to address the effect of adjuvant radiotherapy on distant metastasis and survival.

Biochemical Failure after Adjuvant Radiotherapy

Biochemical failure occurs years before the manifestation of clinical relapse ( 13,14) and is a strong correlate of local relapse and metastasis ( 9). Very few patients 
demonstrate distant metastasis in the absence of a rising PSA (9,31,33). Biochemical failure after radiotherapy is clearly a harbinger of disease relapse and has 
proven invaluable in assessing the success of adjuvant radiotherapy. In the setting of postoperative radiotherapy, the same criteria that are used to define 
biochemical failure—namely, a rise in PSA to above 0.2 to 0.4 ng per mL—should be used. It is inappropriate to use less stringent definitions. Table 33-3 shows a 
summary of several representative PSA era series. In distinction to the results achieved with a radical prostatectomy alone for high-risk patients based on pathologic 
features (Table 33-2), there appears to be a reduction in biochemical failure at 5 years an average of 50% to 30%. Table 33-4 summarizes contemporary series in 
which direct comparisons of freedom from biochemical failure were made between high-risk patients treated with radical prostatectomy alone and those treated with 
radical prostatectomy plus adjuvant radiotherapy. In some analyses, matched pair comparisons have been made. In all but one study, in which statistical comparisons 
were done, adjuvant radiotherapy reduced biochemical failure significantly. As mentioned earlier, the University of Southern California group ( 47) uses a lower dose of 
radiation that may have influenced the lack of effect they observed. They note, however, that the radiotherapy group in their analysis had more adverse pathologic 
features than the surgical control group.

TABLE 33-4. ADJUVANT EXTERNAL BEAM RADIATION THERAPY POSTPROSTATECTOMY: RECENT COMPARATIVE STUDIES

Efficacy of Adjuvant Radiotherapy for Seminal Vesicle Invasion

The limitations of available data related to the efficacy of adjuvant radiotherapy for prostatectomy patients at high risk of relapse based on pathologic criteria are 
considerable. The stage designation of pT3N0 includes two distinct risk groups, those with ECE without SVI and those with SVI. These risk groups have rarely been 
analyzed separately and, when they have, the number of SVI patients has been small. Valicenti and colleagues ( 48) directly addressed the question of the efficacy of 
adjuvant postoperative radiotherapy for pT3cN0 disease. There were 53 men identified from a cohort of 375 men who underwent radical prostatectomy at their 
institution between 1989 and 1995. Of these, 35 had an undetectable PSA postoperatively, and 15 were treated adjuvantly with radiotherapy only. The bNED rate at 3 
years for the group receiving adjuvant radiotherapy was 86% versus 48% for the 20 patients who were observed.

There is no question that pT3c disease is associated with a high risk of biochemical and clinical recurrence, with a significant distant failure rate; however, not all 
patients with SVI have a dismal prognosis. There are other modifying factors besides lymph node involvement ( 59). Although patients with seminal vesicle invasion 
are at high risk of harboring lymph node or distant metastasis, local recurrence has been identified as a major site of failure ( 54,60). Patients with pT3cN0 disease 
who have an undetectable PSA after radical prostatectomy appear to constitute a favorable subset that may be effectively consolidated through irradiation of the 
prostatic fossa. In contrast, the salvage of pT3c patients with a persistently elevated PSA after a radical prostatectomy has been poor ( 48,51,61). The benefit of 
radiotherapy for pT3cN0 disease appears to be restricted to those in whom PSA has been reduced to undetectable levels post prostatectomy.

Complications of Adjuvant Radiotherapy

Severe complications from adjuvant radiotherapy using modern techniques and beam energies of 10 MV or greater are rare but have been reported ( 2). The 
complication rate from the combination of radical prostatectomy plus radiation therapy is approximately the same as for radical prostatectomy alone ( 51,58). However, 
there is a higher rate of urethral and bladder neck stricture and proctitis from adjuvant radiotherapy. The frequency of these effects does not appear to be different 
than that observed from definitive prostate treatment. Despite the fact that a significant proportion of the bladder is irradiated because it is pulled down into the 
prostatic fossa, the bladder complication rates have been acceptable. Grade 3 or above acute urinary or bowel complications are unusual and may be reduced with 
the use of 3D CRT (45). In fact, urinary irritative or obstructive symptoms or incontinence, or both, seem to be lower for patients receiving adjuvant radiotherapy after 
radical prostatectomy as compared to definitive radiotherapy. Residual incontinence from radical prostatectomy may actually improve during radiotherapy, owing to 
radiation-induced edema, but typically returns to baseline levels approximately a month after radiotherapy is completed. The incidence of grade 2 or higher late 
bladder complications is on the order of 5% ( 44). Late rectal complications are lower and are in line with those observed from definitive prostate radiation treatment.

Adjuvant versus Salvage Radiotherapy

A number of groups have compared the results of adjuvant and salvage radiotherapy postprostatectomy ( 2,4,49,50). In nearly every series, the results of salvage 
radiotherapy have been worse. However, there are clearly two groups of patients who receive salvage treatment. The prognosis of those who have a persistently 
elevated PSA after radical prostatectomy has generally been found to be worse than those with a low, slowly rising PSA occurring years after radical prostatectomy 
(44,61,62,63 and 64). In contrast, Garg and associates (65) have argued that equivalent results may be obtained if salvage radiotherapy is begun when PSA is less 
than 2 ng per mL. However, the number of patients with a persistently elevated PSA was small, and the results, although not significant, suggested that these patients 
have a worse prognosis than those with delayed biochemical failure.

For the cohort of patients who initially achieved an undetectable PSA postprostatectomy, the efficacy of salvage radiotherapy has been shown to be dependent on the 
preradiotherapy PSA level. Forman et al. ( 66,67) have consistently shown improved results when treatment is initiated before the PSA rises above 2 ng per mL. Other 
investigators have also documented that the PSA level before the administration of salvage radiotherapy is an important determinant of outcome. Wu et al. ( 63) used 
a PSA to a cut point of 2.5, Schild et al. ( 61,62) a cut point of 1.1, Morris et al. (49) a cut point of 1.7, and Zelefsky et al. (44) a PSA cut point of 1 ng per mL. Freedom 
from failure for patients in whom salvage radiotherapy was administered when the PSA was below these cut points has been much higher than for those with PSAs 
above these levels. There is no clear-cut answer to the question of whether patients should be treated adjuvantly or at salvage. Because at least 50% of pathologic 
high-risk patients will require salvage later and adjuvant treatment may necessitate a lower dose, adjuvant treatment may be preferable, particularly in younger men. 
Hypothetically, leaving cancer cells behind with the chance to mutate and spread distantly is disconcerting when there is an effective treatment available with low 
morbidity.



CLINICAL TRIALS

There are two randomized prospective trials designed to evaluate the use of adjuvant EBRT after prostatectomy. The first is Southwest Oncology Group 8794 
(Radiation Therapy Oncology Group 90-19, IG–0086), which was begun by the Southwest Oncology Group in 1987 and is now closed. This trial was designed to 
compare disease-free survival and to assess the toxicities of therapy among resected pT3N0M0 patients treated with or without adjuvant EBRT. The other trial is from 
the European Organization for Research and Treatment of Cancer 22911 and was opened in 1992. This trial was designed to compare the local recurrence rates, 
acute and late morbidity, overall survival, disease-free survival, and cancer-related survival of patients with pT3N0 adenocarcinoma of the prostate randomized to 
postoperative radiation therapy or observation.

RECOMMENDATIONS

The weight of the data supports the use of adjuvant radiotherapy in the setting of high-risk pathologic attributes postprostatectomy. There have been improvements in 
treatment planning and delivery that have reduced side effects. The lack of an obvious effect on survival should not be considered in the decision to use adjuvant 
radiotherapy, because the small retrospective series that has examined this issue has not had the power to detect a survival benefit. The fact that biochemical failure 
rates are significantly reduced with adjuvant radiotherapy, while morbidity is low, supports this approach. Doses above 60 Gy are recommended. There also may be 
additional benefit from the use of androgen ablation in combination with adjuvant radiotherapy ( 68).
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INTRODUCTION

Since the landmark observations of Huggins and Hodges in 1941 regarding the efficacy of androgen suppression in prostate carcinoma, hormone therapy has been a 
mainstay of treatment (1). There has been, however, considerable debate and investigation concerning the optimal timing of such therapy. One particular area of 
interest is the use of hormonal ablation as adjuvant treatment after radiation or prostatectomy. With continued stage migration seen as a result of the introduction of 
routine screening prostate-specific antigen (PSA) measurements, there will be a greater number of patients with organ-confined and otherwise nonmetastatic disease. 
As such, thorough knowledge of the risks and benefits of immediate hormonal ablation versus such therapy at progression is of critical importance and will affect the 
care of great numbers of men with prostate cancer. This chapter defines adjuvant treatment as that given after primary treatment for a neoplasm to treat any possible 
residual tumor. As will be seen later, in the description of the studies, many studies use hormonal ablation outside that strict definition. First, we examine androgen 
ablation therapy as studied in a prostate cancer cell line. Second, we have investigated all major relevant studies, including those studying concomitant or 
neoadjuvant hormone treatment, or both, because of the lack of data from trials that used hormonal ablation in a truly adjuvant setting. Third, we provide a historical 
perspective on adjuvant hormone therapy in various stages and high-risk subgroups via careful examination of the major trials of hormonal ablation that have thus far 
shaped our thinking about adjuvant therapy. Last, we mention future trials that will hopefully answer the many questions that still remain. The data thus far provide 
some general guidelines for current treatment and, more important, guide future randomized trial designs to better define the role of adjuvant therapy in prostate 
carcinoma.

PRECLINICAL STUDIES

Clinically meaningful therapy is often first studied in a preclinical model to allow for examination of effectiveness and issues such as timing, dose, duration, and other 
variables. The most applicable model of androgen ablation therapy in the adjuvant setting was reported in the Dunning R-3327 rat prostatic adenocarcinoma model by 
Isaacs in the early 1980s (1a). The effect of timing of androgen ablation was studied with respect to the response of the tumor and subsequent survival of the host. 
Fifty intact and ten castrated male rats were inoculated subcutaneously with 1.5 × 10 6 viable tumor cells on day 0. At 100, 150, 200, and 250 days, respectively, ten of 
the intact tumor-bearing rats were castrated. All rats were allowed to live out their lives, and tumor growth and survival data were collected. It required between 140 
and 160 days before tumors became palpable in rats castrated at day 0 versus 40 and 50 days observed in intact hosts. This delay in tumor growth translated into a 
substantial increase in overall host survival, as day 0 castrated rats lived an average of 470 ± 25 days versus 350 ± 15 days for intact hosts. As the time to castration 
was increased, tumor regrowth rate was greater and survival shorter for each subgroup. These results support the contention that the timing of androgen ablation has 
a direct effect on the therapeutic benefit of such therapy as measured by tumor growth and host survival. It must be noted, however, that all animals eventually 
relapsed into an androgen-unresponsive state, indicating, according to the authors, the need for upfront therapy directed at androgen-independent cells.

EARLY ADJUVANT TRIALS

As described later, many trials allowed for hormonal treatment at progression in patients not originally given hormones. Thus, many randomized trials of adjuvant 
hormones actually compared early versus delayed hormonal treatment. It is thus important to understand the most important trial of immediate versus delayed 
treatment for advanced prostate cancer. The Medical Research Council trial accrued 938 patients from 1985 to 1993 before the widespread use of PSA to diagnose 
and follow prostate cancer patients forced the study's premature closure ( 2). This study randomized hormone-naïve patients with locally advanced (defined as T2-4) 
or metastatic prostate cancer to immediate hormone treatment [orchiectomy or luteinizing hormone releasing hormone (LHRH) analog] or to the same treatment at 
progression. This trial was not a purely adjuvant trial, as 30% to 40% of patients had metastatic disease at the onset. Nonetheless, the results have applications for 
the use of adjuvant hormones. Significant differences in favor of immediate hormonal treatment were seen with respect to disease-free survival, overall survival, and 
development of major complications, including pathologic fractures, spinal cord compression, ureteric outlet obstruction, and development of metastases ( Table 34-1 
and Table 34-2). Thus, the principle of early hormonal ablation for advanced prostate cancer was supported by these data. Interestingly, the benefit in terms of 
prostate cancer death was largely seen in M0 patients. Such a retrospective subgroup analysis does not prove the principle of early adjuvant hormone therapy, as 
most patients did not undergo therapeutic radiation or surgery for localized disease before hormonal treatment. It does, however, provide a hypothesis that those 
patients with locally advanced, nonmetastatic prostate cancer (and thus a smaller burden of disease) may achieve the most benefit with early therapy. Extending this 
hypothesis, such therapy given with minimal residual disease in the truly adjuvant setting may exploit the benefits of hormonal ablation.

TABLE 34-1. MAJOR COMPLICATION RATE OF IMMEDIATE AND DELAYED HORMONAL TREATMENT IN THE MEDICAL RESEARCH COUNCIL TRIAL



TABLE 34-2. CAUSES OF DEATH FOR IMMEDIATE AND DELAYED HORMONAL TREATMENT IN THE MEDICAL RESEARCH COUNCIL TRIAL

The earliest studies looking at the use of adjuvant hormonal therapy in prostate cancer were conducted by the Veterans Administration Cooperative Urological 
Research Group (VACURG) between 1960 and 1975 (3,4). It is of importance to understand the details of these three important trials because they provided the 
foundation for future study of adjuvant hormone therapy. Patients were staged in the pre-PSA era as follows: stage 1 included patients with incidentally found 
microscopic cancer; stage II, palpable cancer by rectal examination not beyond the prostatic capsule; stage III, local extension beyond the capsule; and stage IV, 
elevated prostatic acid phosphatase (PAP) or demonstrable metastases. No patients had staging laparotomies or bone scans. As well, staging was purely clinical, and 
no information obtained at open operation was used to restage patients. Thus, it is likely that many patients were understaged. The authors do provide data that 
indicate that overall and disease-specific death were equal in patients with only elevated PAP compared to those patients with proven metastases, indicating that 
elevated PAP represents nondetectable metastases. Also, in all the VACURG studies, the treating physician could change treatment because of symptoms or disease 
progression. Nearly half of all patients who originally received placebo were subsequently “crossed over” to hormonal treatment. Thus, comparisons with the placebo 
group may more accurately be comparisons of early versus delayed endocrine treatment. Nonetheless, the three VACURG studies described in the following 
paragraphs gave the first insight into the role of adjuvant hormone therapy for prostate cancer.

The first VACURG study began in 1960 and randomized 120 stage I patients and 179 stage II patients to receive radical prostatectomy (RP) followed by placebo or 5 
mg daily of diethylstilbestrol (DES). Stage I patients who received DES had a significantly worse overall survival compared to placebo-treated patients secondary to 
increased cardiovascular events. There were no significant differences in disease-specific or overall survival for stage II patients ( Table 34-3). Thus, this portion of the 
study, in which hormones were used in a truly adjuvant setting, failed to demonstrate benefit for this particular hormonal treatment, albeit with a relatively 
underpowered study.

TABLE 34-3. DEATHS BY STAGE, TREATMENT, AND CAUSE IN THE FIRST VETERANS ADMINISTRATION COOPERATIVE UROLOGICAL RESEARCH 
GROUP STUDY

The first VACURG study also randomized 1,050 stage III and 853 stage IV patients to placebo, 5 mg DES, orchiectomy plus placebo, or orchiectomy plus 5 mg DES. 
The three endocrine treatment arms had significantly less progression (defined as first increase in PAP, first metastasis, or death from prostate carcinoma) than the 
placebo group. This delayed progression did not translate into an overall survival benefit, partially because of the increased cardiovascular deaths in the DES groups. 
Important, however, is that the phenomenon of delayed progression (including decreased prostate cancer death) not translating into a survival benefit would be 
redemonstrated in later studies. Even comparing placebo alone versus orchiectomy plus placebo (and thus eliminating the DES-induced cardiovascular mortality) fails 
to translate decreased progression into overall survival benefit, largely because of competing, noncancer deaths in the orchiectomy group. In summary, the first 
VACURG study demonstrated that early hormonal therapy was effective in slowing the progression of prostate cancer, but its benefits were offset by unacceptable 
side effects and competing causes of death.

The second VACURG study began in 1967 and randomized 1,506 stage III and IV patients to placebo, 0.2 mg, l mg, or 5 mg of DES daily. The study was stopped in 
1969 because of, and excess of, cardiovascular deaths in the 5-mg DES arm. This study demonstrated that l mg and 5 mg of DES significantly delayed progression of 
stage III patients to stage IV, and patients who took l mg of DES had a significantly greater overall survival than the other groups. The delayed progression seen in the 
5-mg DES group did not translate into a survival benefit because of the excess cardiovascular deaths ( Table 34-4). Subsequent covariate analysis revealed that 
immediate estrogen therapy would be most beneficial for younger patients (younger than 75 years) with high-grade tumors (Gleason 7 to 10). This study was 
important in that it showed that l mg of DES was as effective and less toxic than 5 mg and that early hormonal therapy could delay progression and increase overall 
survival in a subset of prostate cancer patients. The authors recommend delay in initiation of hormonal therapy with DES because of toxicity.

TABLE 34-4. DEATHS BY STAGE, TREATMENT, AND CAUSE IN THE SECOND VETERANS ADMINISTRATION COOPERATIVE UROLOGICAL RESEARCH 
GROUP STUDY

The third VACURG study was from 1969 to 1975 and randomized 205 stage I and 93 stage II patients to l mg of DES or placebo without prior surgery or radiation. 
Peculiar results were obtained in that DES produced an excess of cardiovascular deaths in stage I but not stage II patients. The authors are unable to account for 
such results. As well, DES decreased progression and increased 5-year overall survival ( Table 34-5). In summary, the VACURG studies provide more information 
about early versus delayed hormonal therapy than about true adjuvant treatment, but the disease progression benefit seen in some patient subgroups provides an 



impetus for including early hormonal treatment in subsequent trials, although then and even now many look to this trial as favoring delayed therapy.

TABLE 34-5. SUMMARY RESULTS FROM THE THIRD VETERANS ADMINISTRATION COOPERATIVE UROLOGICAL RESEARCH GROUP STUDY

LOCALLY ADVANCED DISEASE

Adjuvant Treatment after Surgery

Beyer et al. provided one of the first examinations of the efficacy of adjuvant treatment after RP ( 5). Two hundred ninety-three pathologically staged T1-4 patients 
treated from 1977 to 1990 underwent RP. Sixty-four patients had positive lymph nodes. Adjuvant therapy was given at the discretion of the operating surgeon to 29% 
of patients (89% unspecified endocrine treatment and 11% radiation therapy). The nontreated group had a greater projected 5-year survival and a longer time to 
progression, but this likely reflected a greater proportion of nonadjuvant patients with lower-stage disease. Subgroup analysis of T3N0 and all N+ patients failed to 
demonstrate any significant differences in progression or survival. Strong selection bias forcing a retrospective subgroup analysis, variable adjuvant treatment, and 
short follow-up preclude meaningful conclusions from being drawn.

The Mayo Clinic reported on their experience before 1989 in pathologic stage C (defined as capsular perforation or seminal vesicle invasion) patients who had 
undergone bilateral pelvic lymphadenectomy and radical retropubic prostatectomy ( 6). Eight hundred ninety-four such patients were subjected to either no further 
treatment (660 patients), adjuvant external radiation therapy (XRT) (131 patients), or adjuvant orchiectomy (103 patients) at the discretion of the treating surgeon. 
Many observation patients were treated with some form of hormonal therapy at progression. The adjuvant group included more patients with increased tumor bulk, 
higher grade, and seminal vesicle involvement. Multivariate analysis that adjusted for these factors demonstrated a significantly lower local and systemic progression 
rate for patients who received either form of adjuvant treatment. There was no difference between the XRT and orchiectomy groups, and there was no advantage to 
adjuvant treatment for disease-specific or overall survival.

Adjuvant Treatment after Radiotherapy

An early study similar to the VACURG studies was conducted by Zagars et al. from 1967 to 1973 ( 7). Seventy-eight previously untreated patients with clinical stage C 
prostate carcinoma were randomized to XRT alone (40 patients) or XRT plus estrogen (38 patients). Patients received variable doses of estrogen as the study 
progressed because of emerging data from other studies. Twenty patients received 5 mg of DES, 12 received 2 mg of DES, 2 received 12 mg of chlorotrianisene, and 
4 never received any estrogen for a variety of reasons. Also of note, of the 27 XRT-only patients who relapsed, 26 received some form of hormone treatment. 
Significant advantages in disease-free survival and freedom from metastasis were seen in favor of the combined treatment group when analyzed by intent to treat and 
by treatment actually received. This benefit held up with 15 years of follow-up, suggesting that early hormonal treatment, when combined with radiotherapy, may 
provide durable long-term benefits. No overall survival advantage was demonstrated. Cardiovascular deaths numbered ten in the estrogen group and six in the XRT 
group and therefore were unlikely to account for the lack of survival benefit with disease control. The authors postulate that a low cancer-related death rate, 
regardless of disease status, and a greater prolongation of life with hormone treatment in previously untreated patients, could explain the lack of overall survival 
difference. This early study is important in that it was one of the first to demonstrate the benefits of early hormonal treatment combined with radiotherapy in locally 
advanced disease.

Another study with significance to this field was conducted in the early 1970s by a Dutch radiotherapy group ( 8). Patients with clinical stage T3-4NxM0 prostate 
cancer were analyzed retrospectively by treatment received. Twenty-six patients were treated with orchiectomy followed by l mg DES daily, 30 patients were treated 
with radiotherapy alone, and 30 were treated with a combination of these therapies. Patients in the radiotherapy-only group had a significantly greater overall survival 
at 4 years than the other groups. Again, there were ten cardiovascular deaths in the groups treated with hormones, likely accounting for the decreased survival. As 
well, the combined therapy group had a significantly greater percentage of patients with poorly differentiated tumors. It is difficult to draw meaningful conclusions from 
this small, nonrandomized study, but it was an early attempt to investigate the effect of adjuvant hormonal treatment.

A randomized study examining the addition of orchiectomy to radiation was reported by Fellows et al. ( 9). Two hundred seventy-seven patients with clinical stage 
T2-4NxM0 prostate cancer were randomized to receive radiotherapy alone, orchiectomy alone, or a combination of the two. The groups were comparable with respect 
to age, performance status, Gleason score, and T stage. The incidence of distant metastases was significantly higher in the radiotherapy alone group compared to the 
groups that included orchiectomy, but no difference in overall survival was seen. As these patients were clinically staged only, it is likely that many had nodal 
involvement. The benefit to orchiectomy may thus be from undetected nodal or metastatic disease, or both, at the beginning of therapy. The small sample sizes make 
it difficult to evaluate the true value of adjuvant hormonal therapy from these data.

The M. D. Anderson Cancer Center retrospectively examined pathologic T1-4N0M0 prostate cancer patients treated with XRT alone from 1987 to 1991 (81 patients) 
or XRT plus hormonal treatment between 1990 to 1992 (38 patients) ( 10). Patients were considered high risk on the basis of pretreatment PSA greater than 30 ng per 
mL or tumor grade 3 or 4. The hormone group was very heterogeneous in regards to treatment, as 14 underwent orchiectomy and 24 received monthly leuprolide. As 
well, 15 received androgen ablation before XRT (mean time of 2.7 months) and 11 were given flutamide initially. Mean duration of hormone treatment after completion 
of XRT was 1.7 months. Thirty-six of the 51 patients in the XRT group were treated with androgen ablation at relapse. Although the hormone group had more patients 
with adverse prognostic features including age, grade, and Gleason score, there was a significant advantage in terms of freedom from PSA relapse, local control, and 
freedom from any relapse for the hormone group. Again, no differences with regard to distant metastasis or overall survival were seen.

These early studies investigating hormone therapy after radiotherapy prompted larger randomized trials that attempted to more precisely define the best use of 
adjuvant hormonal treatment. Many of the studies described later use hormones neoadjuvantly or concomitantly, or both, as well as adjuvantly, and, therefore, 
distinguishing the beneficial effects of true adjuvant therapy is impossible. Nonetheless, these are the most recent, largest trials, and they provide insight into the use 
of adjuvant therapy. Laverdiere et al. randomized clinical stage B and C patients to XRT alone, XRT plus 3 months of neoadjuvant combination therapy (LHRH agonist 
plus flutamide), or combination therapy 3 months before, during, and 6 months after XRT ( 11). The three well-matched groups of approximately 40 patients each were 
analyzed by prostate biopsies and corresponding serum PSA measurement at 12 and 24 months after XRT. Interim analysis revealed that patients treated with one of 
the hormonal therapy schemes had a significantly lower percentage of positive biopsies and lower median PSA values at both time points. As well, only one patient in 
the last group had residual neoplasm at 24 months, suggesting that prolonged therapy before, during, and after XRT may have a benefit over neoadjuvant therapy 
alone. The authors suggest that decreased tumor volume with androgen blockade allowed for greater local control with the same radiation dose. Long-term follow-up 
is needed to determine whether this hormone therapy had a suppressive or a curative effect. This trial suffers from a high relapse rate in the XRT only group as well 
as small numbers of patients but, like most of the trials described, adds information in judging the value of adjuvant therapy.

Another recent retrospective review was reported by Anderson et al. in 1997 ( 12). Fifty-six patients were treated between 1988 and 1993 with XRT plus hormones and 
compared to 56 patients matched for stage, grade, and pretreatment PSA levels who were treated with radiotherapy alone. All patients were clinical stage T1-3NxM0 
with a median follow-up of 41 months. Hormonal treatment included an LHRH analog with or without flutamide for a median of 3 months given before or during XRT, or 
both, as well as after therapy. A patient was considered to be biochemically without evidence of disease [biochemical no evidence of disease (bNED)] if there was no 
clinical or radiographic evidence of disease, and serum PSA was less than 1.5 ng per mL and not rising on two consecutive occasions. Five-year bNED control was 



significantly greater in the hormone group (55%) versus the radiotherapy alone group (31%), with a 20-month delay in disease progression favoring the hormone 
group as well. This significant advantage in terms of bNED control was most notable in the T2C/T3, Gleason score 7 to 10, and pretreatment PSA greater than 15 ng 
per mL patient subgroups who received hormonal therapy. Despite these benefits, no overall survival advantage could be demonstrated. This trial adds strength to the 
notion that hormonal ablation around the time of radiotherapy is beneficial for disease control. It also introduces the variables of type and duration of hormonal 
ablation.

The most notable trial that examined adjuvant therapy after radiation for localized prostate cancer was reported by Bolla et al. for the European Organization for the 
Research and Treatment of Cancer (EORTC) (13). Between 1987 and 1995, 401 patients with clinically localized disease (T1-2, grade 3 or T3-4, any grade, N0M0) 
were randomized to radiotherapy alone or radiotherapy plus 3.6 mg of goserelin every 4 weeks beginning on the first day of radiation. Hormone therapy was 
continued in the vast majority of patients for 3 years or until progression or death. A steroid antiandrogen cyproterone acetate was given for 1 month starting 1 week 
before the first dose of goserelin. The groups were well matched with regard to age, performance status, clinical stage, grade, and pretreatment PSA levels (median 
on study PSA of 30 ng per mL). Five-year overall survival in the combined treatment group was 79% versus 62% in the radiotherapy group ( p = .001) (Fig. 34-1). 
Significant advantages to adjuvant hormone therapy were also seen with respect to disease-free survival and local control ( Fig. 34-2). It is worth noting, however, that 
the confidence intervals for the survival data did barely overlap, and survival in the radiotherapy group is low when compared to similar patients from other series. The 
poor outcome of the radiotherapy group was possibly because of the high median on study PSA. Hormone treatment was not without side effects, as 34% of hormone 
patients had more than three hot flashes per day, and the group had an unexplained significant increase in late grade 1 to 3 incontinence. This trial supports better 
disease control with adjuvant hormone therapy, and it is the first to show an overall survival advantage. It is unclear whether the extended duration of hormonal 
ablation or other factors account for this trial translating disease-free survival into an overall survival benefit or whether this trial will stand out as an aberrance as 
more data accumulate.

FIGURE 34-1. Kaplan-Meier estimate of overall survival. The overall survival rate at 5 years was 79% (95% confidence interval, 72% to 86%) for the combined 
treatment group and 62% (95% confidence interval, 52% to 72%) for the group treated only with radiotherapy. (From Bolla M, Gonzalez D, Warde P, et al. Improved 
survival in patients with locally advanced prostate cancer treated with radiotherapy and goserelin. N Engl J Med 1997;337:295–300, with permission.)

FIGURE 34-2. Kaplan-Meier estimate of disease-free interval. This curve shows the proportion of surviving patients who were free of disease at each time point. The 
method takes the censoring process into account. The number of patients who are at risk for the event at each time point is the total number of patients minus the 
number in whom disease progressed or who were lost to follow-up. (From Bolla M, Gonzalez D, Warde P, et al. Improved survival in patients with locally advanced 
prostate cancer treated with radiotherapy and goserelin. N Engl J Med 1997;337:295–300, with permission.)

The largest trial that examined the role of adjuvant hormone therapy in locally advanced prostate cancer was conducted by the Radiation Therapy Oncology Group 
(85-31), reported by Pilepich et al. in 1997 ( 14) and updated by Lawton et al. at the 1999 American Society of Clinical Oncology meeting ( 15). Nine hundred 
seventy-seven patients with T3NxM0 or T1-2N+M0 prostate cancer were randomized to receive radiotherapy and either goserelin, 3.6 mg monthly to be started during 
the last week of XRT and continued indefinitely or until progression, or the same hormone therapy at relapse. Patients were well matched with respect to Gleason 
score, and just fewer than 30% of patients had involved lymph nodes. Significant advantages in favor of immediate adjuvant hormone therapy were seen for local and 
distant failure as well as clinical and bNED survival at 8 years of follow-up. This advantage was most prominent in Gleason scores 8 to 10 tumors. Overall survival had 
not significantly diverged at 5 years (75% vs. 72%) or 8 years (49% vs. 42%), although the numbers slightly favor the adjuvant group. This group of patients is similar 
to the group of patients reported by Bolla et al. with a greater percentage of node-positive patients, and adjuvant treatment was similar. The overall survival at 5 years 
for both treatment groups is similar to Bolla's adjuvant group, and thus the poor survival in the nonadjuvant group in the Bolla et al. study may account for the survival 
significance seen.

The previous studies looked mainly at locally advanced prostate cancer to determine the benefit of adjuvant hormone ablation after radiotherapy or RP. The early 
studies were promising in that estrogen was effective in treating prostate cancer, but unacceptable side effects made this treatment untenable. As newer forms of 
hormonal ablation developed, several, but not all, trials showed that adjuvant hormonal therapy was effective for disease control, especially in conjunction with 
radiotherapy. The timing and optimal type of treatment were developed through these most recent studies, with disease-specific and possibly overall survival benefits 
demonstrated.

NODE-POSITIVE PROSTATE CANCER

As patients are staged and treated with more aggressive surgical approaches, lymph node–positive patients can be rendered free of gross evidence of disease. 
Kramer et al. reported in 1981 on 44 patients with pathologically staged D1 prostate cancer treated with surgery, radiation, or delayed hormonal therapy ( 16). No 
advantage to an aggressive local therapy was seen, and medial survival was only 39.5 months. Although this study did not examine adjuvant therapy specifically, it 
underscores the systemic nature of node-positive prostate cancer and the inadequacy of local treatment alone for long-term disease control. Thus, stage D1 patients 
may be ideal candidates for adjuvant hormone therapy to eliminate micrometastatic disease. Below is a chronologic account of the major trials that have examined this 
issue.

Ninety-four patients with clinically localized prostate cancer underwent pelvic lymphadenectomy from 1977 to 1983, as described by van Aubel et al. ( 17). Gross or 
microscopic lymph node involvement, or both, was found in 30 patients who then underwent orchiectomy. Node-negative patients underwent RP alone. The authors 
reported a greater than 45-month median time to progression and a greater than 60-month median survival, both of which compare favorably to the historical delayed 
therapy controls presented in the study. The authors also maintain that the orchiectomy group had greater local control, leading to an improvement in symptoms and a 
better quality of life. Although these retrospective data are appealing, no prospective data were presented to support this contention. This small, nonrandomized study 
was a first look into adjuvant therapy for Dl prostate cancer.



A retrospective analysis of 68 pathologically staged N+M0 patients treated from 1966 to 1981 was reported by Kramolowsky ( 18). Thirty patients who received 
immediate therapy (either orchiectomy or exogenous hormone therapy) after treatment of the primary lesion were compared to the patients who received hormonal 
ablation at progression or not at all. This patient group is unusual in that some patients received cryosurgical ablation (14 in the immediate group and 12 in the 
delayed group), and two patients in the immediate group received no treatment for the primary lesion. Groups were well matched with respect to age, grade of lesion, 
and number of nodes involved. The subgroup of clinical stage B patients in the immediate treatment group had a significantly longer interval from diagnosis to 
progression, defined as change in bone scan or two consecutive elevated acid phosphatase levels, versus the delayed group (100 months vs. 43 months). No 
significant difference with respect to time from diagnosis to death was demonstrated. Subgroup analysis of patients younger than 65 years (20 patients in each group) 
demonstrated significant advantage in time to progression and median survival for the immediate treatment group. Again, a significant non–prostate cancer death rate 
may have contributed to the lack of benefit in overall survival.

DeKernion et al. also retrospectively analyzed 56 patients who underwent RP with pelvic lymph node dissection and pathologic lymph node involvement ( 19). Patients 
were given either immediate hormonal ablation (21 patients) or such therapy at progression (35 patients) at the discretion of the treating physician. Patients in the 
early therapy group had more advanced disease, as measured by the number and percentage of positive nodes and incidence of seminal vesicle invasion. Groups 
were otherwise matched for age, Gleason score, and volume of primary tumor. Biochemical disease-free survival was significantly better in the early therapy group 
without an overall survival advantage. Comparing both groups while correcting for Gleason score and percentage of positive nodes showed a 3.1-fold greater risk of 
progression or death for the non-early treatment group. All patients generally had low-volume nodal disease, as reflected in the excellent overall survival of the entire 
group (78% at 98 months). Therefore, aggressive surgical and hormonal management may be expected to benefit such patients most. The authors contend that such 
an approach may even have palliative value, although no hard data were presented to support this contention.

A large retrospective study that provided interesting data was reported by Zinke et al. from the Mayo Clinic in 1992 ( 20). Data were presented on 370 patients who 
underwent RP and bilateral pelvic lymphadenectomy from 1966 to 1988. Adjuvant hormonal therapy was given to 293 patients and was a significant favorable risk 
factor in multivariate analysis for local, systemic, and overall progression, including PSA as an end point. It was also significant for reducing the risk of prostate cancer 
death, but only in patients with DNA diploid tumors. The adjuvant treatment was variable and included mainly orchiectomy, although 53 patients received radiotherapy 
as well, and 58 received neoadjuvant hormonal ablation with an LHRH agonist. There was also a crude survival benefit seen with adjuvant hormone therapy for 
patients with diploid DNA as contrasted to aneuploid DNA in the tumor tissue. An accelerated death rate is noted after progression for patients with nondiploid tumors 
given early hormonal treatment, likely accounting for the survival differences seen. The authors postulate that increased tumor growth with time leads to more 
nondiploid cells, thus accounting for decreased responsiveness to delayed systemic hormonal therapy. The authors also speculate that improved local control with 
early hormone therapy translates into improved quality of life. This study is important in that it identifies a subclass of prostate tumors that may potentially achieve an 
overall survival benefit with adjuvant hormonal ablation. As well, it raises the important issue of quality of life, although more firm data must be collected to prove this 
benefit. In fact, a retrospective review of 139 patients reported in 1995 compared pelvic lymphadenectomy and androgen ablation with or without RP. Much greater 
local control was reported for the group that also received RP ( 21). Of patients who also received RP, 8% had local progression versus 69% in those patients without 
RP, although RP patients had a lower volume of nodal disease. This study, as in others that mention quality of life, uses local progression and the need for 
subsequent procedures as the main determinant of quality of life. Indeed, there are likely other factors that can be measured to give a more complete picture. These 
results also suggest that aggressive local therapy, surgery, or radiotherapy may be the major factor in local control, especially in patients with a lower volume of nodal 
disease, which in turn permits hormonal therapy to act on a lower tumor volume.

More recently, Messing et al. reported on immediate hormonal therapy versus observation for node-positive prostate cancer after RP and pelvic lymphadenectomy 
(22). This phase III Eastern Cooperative Oncology Group study randomized 98 men between 1988 and 1992 with clinical TI or T2 lesions and negative bone scans to 
bilateral orchiectomy or goserelin (patient's choice) or observation after surgery. Hormonal therapy was administered to observation patients on progression. Eighty 
percent of men had a PSA less than 0.4 ng per mL at randomization. At a mean follow-up of 7.2 years, biochemical or clinical progression (19.2% vs. 55.8%) and 
overall survival (85.0% vs. 64.7%) significantly favored the early hormonal therapy group. The results from this small trial are interesting in that they provide some 
evidence that early hormonal therapy after aggressive surgery for early-stage prostate cancer may confer an overall survival advantage.

It is readily apparent that no absolute conclusions can be drawn about the benefit of adjuvant therapy for locally advanced or node-positive prostate cancer. The 
studies described earlier were conducted over many years, during which advances in radiotherapy, surgical technique, and screening made prostate cancer a moving 
target. The larger studies, especially those conducted by Bolla and the Mayo Clinic, however, provide a foundation on which to base future randomized trials. The 
final section of this chapter looks at the rationale and design of the larger current and upcoming trials that will attempt to more clearly define the true role of adjuvant 
hormonal therapy in prostate cancer.

FUTURE TRIALS

The EORTC randomized phase III trial No. 30943 is investigating immediate versus deferred hormonal therapy in patients with persistently elevated or rising PSA 
after definitive therapy. Approximately 1,666 patients with T1-3 N0-xM0 asymptomatic prostate carcinoma will be enrolled over 4 years. Patients will be randomized to 
one of two arms. Arm 1 will be immediate treatment with one of four treatment regimes: orchiectomy alone, orchiectomy plus continuous antiandrogen, depot LHRH 
analog plus short-term antiandrogen, or depot LHRH analog plus continuous antiandrogen. Arm 2 is watchful waiting with hormonal treatment as in arm 1 initiated with 
documented symptomatic disease progression. End points include disease-free and overall survival, quality of life, and cost effectiveness. Such a study will tell us 
whether hormonal ablation initiated at first sign of biochemical relapse or begun with persistent biochemical disease after radical therapy is beneficial. It may also 
allow determination of the risk and benefit profiles of the various hormonal treatment regimens used.

The EORTC is trying to further confirm and extend the Bolla et al. data via a randomized, phase III trial of long-term hormonal treatment with LHRH analog versus no 
further treatment in locally advanced prostatic carcinoma treated by irradiation and 6 months of combined androgen blockade. Whether the 3 years of hormonal 
treatment given in the Bolla et al. study is required for full benefit or whether shorter adjuvant therapy is sufficient will be studied.

The Radiation Therapy Oncology Group trial 94-13 is a phase III trial that will investigate the timing of total androgen ablation in relation to radiotherapy. Patients with 
clinical stage T2C through T4 with a Gleason score greater than 6 and a PSA of 4 to 100 ng per mL will be randomized to total androgen suppression of goserelin or 
leuprolide and flutamide given 2 months before XRT until XRT completion or for 4 months beginning at the completion of XRT. Patients will also be randomized to 
whole-pelvic radiation followed by a prostate boost or XRT to the prostate only. Patients will be monitored for biochemical failure as well as disease-free and overall 
survival. The study is designed to enroll approximately 1,200 patients and to detect with 80% power an 8% difference in 5-year survival. This study will further define 
the importance of timing of androgen suppression in relation to radiotherapy, as well as necessary duration of therapy.

Probably the largest ongoing adjuvant trial is the bicalutamide (Casodex) Early Prostate Cancer program. This international, multiinstitutional study is investigating the 
role of the oral antiandrogen bicalutamide given to patients with T1b-4, any N, nonmetastatic prostate carcinoma. The North America arm of the study requires 
patients to have had previous treatment of curative intent. In North America, more than 80% of patients had undergone radical surgery. Patients were randomized 1:1 
to either 150 mg per day of bicalutamide or placebo after definitive therapy. Recruitment has been recently completed with 8,115 patients randomized between 1995 
and 1998. Patients were allowed neoadjuvant hormonal therapy with a 6-week washout period after 5a-reductase inhibitors and 15-week washout after LHRH analog 
treatment. Principle end points are overall survival, time to clinical progression (both PSA based and non-PSA based), and safety and tolerability. No preliminary 
results are yet available. This trial will provide insight into the role of oral antiandrogens for early prostate cancer.

CONCLUSION

Treatment of prostate cancer with surgery or radiation followed by adjuvant hormonal treatment is a conceptually appealing concept. Success with this approach in 
breast cancer, as well as effective hormonal treatment in prostate cancer, have led to investigation in this area. This chapter has reviewed the major contributions to 
this field by examining adjuvant hormonal trials. It is clear that adjuvant hormonal treatment can feasibly be given to patients, and some such patients will respond to 
this treatment. Like many other cancer therapies, however, the risk to benefit ratio of therapy for a given patient is not entirely clear. The Medical Research Council, 
EORTC, Bolla et al., and Messing et al. data provide evidence that early therapy confers an advantage to disease-free and possibly overall survival. Nonetheless, the 
lack of high-quality, large-scale randomized studies and the published negative studies give caution to recommending early therapy for all patients. Clearly, ongoing 
and future studies must define the role of adjuvant therapy in terms of type of therapy, timing and duration of therapy, interaction with concomitant surgery and 
radiation, and need for other nonhormonal therapy. It is likely that there are subgroups with more aggressive disease (defined by certain patient and/or tumor 
characteristics) that would benefit most. Importantly, the other half of the equation must be emphasized (namely, the side effects borne by all patients). Quality of life 
for patients given early therapy must be evaluated in upcoming trials to provide patients and physicians with all the necessary data to make an informed decision 



about adjuvant hormonal therapy for prostate cancer. Active participation in these ongoing trials by patients and physicians caring for such patients is strongly 
encouraged.
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INTRODUCTION

Despite current treatment of radical prostatectomy or radiation therapy for clinically localized prostate cancer, a substantial portion of patients will experience relapse 
heralded by a detectable or rising serum prostate-specific antigen (PSA), or both ( 1,2,3 and 4). PSA has proven to be a sensitive means of monitoring the disease 
status of patients after treatment (5,6,7 and 8). A rise in serum PSA after definitive treatment of prostate cancer provides the earliest evidence of residual or recurrent 
disease in nearly all patients ( 9,10). PSA failure often precedes clinical recurrence by several months to years ( 11,12).

DEFINITION OF PROSTATE-SPECIFIC ANTIGEN PROGRESSION IN RADICAL PROSTATECTOMY PATIENTS

The serum PSA level of patients with organ-confined prostate cancer should fall to undetectable levels after radical prostatectomy. With the half-life of PSA estimated 
to be 3.2 days, undetectable levels are usually reached by 3 to 4 weeks after surgery ( 13). The limit of detection of PSA depends on currently available PSA assays. 
Some investigators define 0.1 ng per mL as the threshold PSA value after radical prostatectomy, above which there is a high risk of persistent disease. Vessella and 
Lange demonstrated that all patients with postprostatectomy PSA levels exceeding 0.1 ng per mL had subsequent higher elevations of PSA and biochemical failure 
(14). In another study among men whose PSA level was less than 0.4 ng per mL 3 to 6 months after radical prostatectomy, only 9% developed recurrent disease 
within 6 to 50 months. However, 100% of men with PSA levels of 0.4 ng per mL or greater after radical prostatectomy had evidence of recurrence within 6 to 49 
months (10).

Although investigators have used various PSA cutoffs to determine biochemical recurrence after radical prostatectomy, a rising serum PSA is the ultimate confirmation 
of relapse (11,15,16,17,18,19,20 and 21).

The use of an ultrasensitive assay may detect recurrent cancer 9 to 12 months earlier than the conventional assays ( 22,23). Klee et al. showed that with the 
ultrasensitive IMx PSA assay, only 38% of postradical prostatectomy patients had nondetectable values compared to 60% with the tandem-R PSA assay ( 24). 
Although newer second-generation assays can measure PSA levels as low as 0.008 ng per mL ( 25), the clinical usefulness of these assays remains to be defined. For 
example, using an ultrasensitive immunoassay, Yu and Diamandis evaluated 1,064 female sera for PSA and determined that 17% of women had detectable levels of 
PSA, including 1.5% (16 women) with levels of 0.1 ng per mL or greater (26). At Wake Forest University, we generally accept PSA levels exceeding 0.1 ng per mL 
with subsequent rise as evidence of biochemical relapse.

DEFINITION OF PROSTATE-SPECIFIC ANTIGEN PROGRESSION IN RADIATION-TREATED PATIENTS

PSA levels after radiation therapy decline more slowly when compared to treatment with surgery and many times may not reach undetectable levels, due to PSA 
secretion from the prostate left in situ (27,28 and 29). The American Society for Therapeutic Radiology and Oncology Consensus Panel recently published guidelines 
concerning PSA recurrence after radiation therapy ( 30):

Biochemical failure is not justification per se to initiate additional treatment. It is not equivalent to clinical failure. It is, however, an appropriate early end point for 
clinical trials.
Three consecutive increases in PSA are a reasonable definition of biochemical failure after radiation therapy. For clinical trials, the date of failure should be the 
midpoint between the postirradiation nadir PSA and the first of three consecutive rises.
The use of three rather than two consecutive values reduces the risk of falsely declaring biochemical failure due to “bouncing” PSAs. This phenomenon results 
when sequential PSA determinations show one or two rises followed by a fall and a subsequent failure to rise again.
No definition of PSA failure has, as yet, been shown to be a surrogate for clinical progression or survival.
Nadir PSA is a strong prognostic, but no absolute level is a valid cut point for separating such successful and unsuccessful treatments. Nadir PSA is similar in 
prognostic value to pretreatment prognostic variables.

The Consensus Panel also provided guidelines for studies presented for publication in prostate cancer. They recommended a minimum observation period of 24 
months, PSA determinations to be obtained every 3 or 4 months during the first 2 years after completion of radiation therapy, and every 6 months thereafter. It was 
suggested that patients with only one or two consecutive rises in PSA be reported separately.

CLINICAL AND RADIOGRAPHIC EVALUATION OF EARLY PROSTATE-SPECIFIC ANTIGEN PROGRESSION AFTER DEFINITIVE 
TREATMENT

Once biochemical relapse after definitive local therapy is documented, it is useful to attempt to differentiate between local or pelvic recurrences versus distant 
metastases. In general, PSA relapse occurs earlier, and PSA doubling time is more rapid with distant metastases. In contrast, biochemical failure tends to be delayed, 
and the doubling time is more prolonged in the setting of local recurrence ( 31,32). PSA relapse in the first year postoperatively, as well as the presence of seminal 
vesicle invasion after prostatectomy, is also predictive for distance relapse. Tools available for the evaluation of patients with biochemical relapse are summarized in 
Table 35-1.

TABLE 35-1. EVALUATION OF PATIENTS WITH BIOCHEMICAL RELAPSE



Digital rectal exams (DREs) may reveal evidence of local recurrence or progression in the setting of biochemical failure but are often unreliable because of difficulty in 
distinguishing recurrent tumors from postoperative changes ( 33,34 and 35). Palpatory abnormalities after radiation therapy may also persist and make interpretation 
difficult (36,37 and 38). In one study, the location of recurrent disease was evaluated in 63 patients who had abnormal levels of PSA (0.4 ng per mL or greater) 6 to 
240 months after radical prostatectomy (39). Among 57 patients without evidence of disease by methods including DRE by three urologists, needle biopsies of the 
anastomosis revealed local disease in 42%. No local disease was discovered in 30 postradical prostatectomy patients with normal PSA levels. There was a wide 
range of transrectally palpable contours after radical prostatectomy in patients with and without elevated PSA levels.

Transrectal ultrasound is useful in guiding biopsies of the vesicouretral anastomosis after prostatectomy or of the prostate after radiation therapy ( 7,9). Most 
investigators, however, do not recommend biopsy unless it would impact treatment options. It is not our practice to biopsy the vesicourethral anastomosis. We biopsy 
the prostate after radiation therapy only when consideration is being given to either salvage surgery or radiation.

Technetium-99m bone scintigraphy is the method of choice for diagnosis of skeletal metastases ( 9,40,41). It is indicated in the setting of a rapidly increasing PSA 
(short doubling time) and bone pain. Although the bone scan is very sensitive for detecting skeletal metastases, it is not specific. Especially in patients with 
undetectable or low (20 ng per mL or less) PSA levels, a bone scan usually does not provide any additional information ( 42). In a recent study, 93 patients were 
evaluated for PSA recurrence with bone scans (43). The lowest PSA value associated with a positive bone scan was 46 ng per mL. The authors did not recommend 
bone scans to be used unless PSA value was greater than 40 ng per mL. We usually obtain a baseline bone scan for further follow-up if PSA is 20 ng per mL or 
greater.

Indium-111 capromab pendetide (ProstaScint) is a new U.S. Food and Drug Administration–approved scintigraphic radiolabeled monoclonal antibody imaging study 
that detects prostate-specific membrane antigen. A recent multicenter study enrolled 183 men who had PSA relapse after radical prostatectomy in whom PSA later 
increased (44). Immunoscintigraphy revealed disease in 108 of 181 patients (60%). The antibody was localized most frequently to the prostatic fossa (34%), 
abdominal lymph nodes (23%), and pelvic lymph nodes (22%). The authors concluded that this new scan could assist in determining the location and extent of 
disease in patients who have increasing PSA after prostatectomy. Babaian et al. studied 19 patients with prostate cancer using ProstaScint and reported a 76% 
accuracy with sensitivity and specificity of 44% and 86%, respectively ( 45). The negative predictive value was 83%, and the positive predictive value was 50%. They 
suggested that the detection threshold of this antibody scan was disease foci 5 mm or greater. In a study of 14 patients, monoclonal antibody imaging was found to 
have a positive predictive value of 60%, negative predictive value of 75%, and sensitivity of 86% ( 46). The interpretation of these scans is at times difficult. Where and 
when this imaging modality should be applied in the work-up and follow-up of prostate cancer remains an area of active investigation.

Computed tomography (CT) is commonly used to evaluate patients with biochemical relapse but has a very low yield in this setting. In a recent German study, the 
sensitivity of CT to detect recurrence after radical prostatectomy was evaluated ( 47). In more than 500 patients who had undergone radical prostatectomy for 
carcinoma of the prostate, CT examinations of the pelvis were retrospectively evaluated. In 22 cases of local recurrence confirmed by biopsy, positive results on CT 
were found in eight patients (36%) and negative results in nine patients (41%). In the remaining five cases (23%), no distinction could be made between scar and 
local recurrence. This study suggests that sensitivity of CT scans for evaluation of local recurrence of prostate cancer after surgery is low. Although the literature 
regarding the role of CT scan for the evaluation of patients with PSA relapse after definite treatment is limited, there are several studies evaluating its usefulness for 
staging before radical prostatectomy. Levran et al. studied 861 patients with newly diagnosed prostate cancer ( 48). Only 13 (1.5%) of these men had positive pelvic 
CT scans. The authors did not recommend the use of pelvic CT for clinical staging in patients with a PSA level of 20 ng per mL or less because of the low yield and 
the absence of cost effectiveness.

Magnetic resonance imaging (MRI) has been shown to be helpful in the diagnosis of bone metastases, especially when other radiographic examinations are 
inconclusive or spinal cord compression is suspected ( 49,50,51,52 and 53). Fujii et al. evaluated 36 prostate cancer patients with MRI and bone scan ( 52). 
Twenty-seven patients were untreated, and nine patients were thought to have hormone-refractory cancer. The MRI was able to detect bone metastases that were not 
found by bone scan in seven patients. The MRI successfully identified areas of spinal cord compression in five patients with spinal metastases and associated 
neuropathy.

Positron emission tomography (PET) is currently being studied as a diagnostic method for prostate cancer ( 54,55). Shreve et al. evaluated the accuracy of the PET 
scan in 34 patients with biopsy-proven prostate cancer with known or suspected metastatic disease ( 56). In 202 untreated osseous metastases in 22 patients, the 
sensitivity of PET was 65% with a positive predictive value of 98%. The conclusion of the authors was that PET scans can help to identify osseous and soft tissue 
metastases of prostate cancer with a high positive predictive value but are less sensitive than bone scans in the identification of osseous metastases.

RECOMMENDATIONS FOR RESTAGING AT THE TIME OF PROGRESSION DOCUMENTED BY PROSTATE-SPECIFIC ANTIGEN

Based on our assessment of the literature and current practice, we recommend the following restaging work-up:

1. Complete history and physical examination. DRE is often unreliable.
2. Routine laboratory studies, especially assessment of PSA velocity.
3. Judicious use of radiologic methods. A bone scan is often helpful as a baseline for further follow-up if PSA is 20 ng per mL or greater. It is the method of choice 

for diagnosis of skeletal metastases. MRI may be able to detect bone metastases that are not found by bone scan. MRI is also very useful to evaluate for spinal 
cord compression. We do not recommend routine use of CT scan for evaluation of biochemical relapse, especially if PSA is less than 20 ng per mL. More 
studies are needed to determine the role of indium-111 capromab pendetide and PET scan.

4. We do not recommend biopsy of vesicourethral anastomosis, as this does not impact on treatment options after radical prostatectomy. We biopsy the prostate if 
salvage surgery or radiation is considered.
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INTRODUCTION

Although prostate cancer remains the most common malignancy and is the second leading cause of cancer-specific deaths in American men, advances in the 
diagnosis and treatment have increased opportunities for cure. Use of prostate-specific antigen (PSA) screening in combination with digital rectal examination and 
transrectal ultrasound (TRUS) has allowed earlier detection of prostate cancer, resulting in considerable stage migration and an increased incidence of 
organ-confined disease (1,2). Nonpalpable prostate cancer (T1c) associated with an increased level of serum PSA is the most common clinical stage of disease 
currently detected (3).

Despite earlier diagnosis of prostate cancer and improved treatment modalities, there still exists a significant risk of disease recurrence after therapy. The pathologic 
extent of disease is clinically understaged in as many as 50% of patients undergoing radical prostatectomy, with 30% to 40% of such patients showing evidence of 
extraprostatic spread (4). A recent analysis of patients enrolled in a disease registry of prostate cancer patients demonstrated that 22% of patients who received initial 
treatment with radical prostatectomy, radiation therapy, or cryotherapy required a second form of prostate cancer treatment within 3 years of initial therapy ( 5). The 
majority of these treatments was administered in a therapeutic (nonadjuvant) fashion for apparent evidence of disease recurrence. Four percent of patients received 
adjuvant therapy within 3 months, presumably in those men at high risk for primary local treatment failure. Differences existed between the frequency, as well as form, 
of secondary treatments among the initial treatment types, even when controlling for cancer stage, Gleason grade, and serum PSA. Patients managed with radical 
prostatectomy had the lowest rate of second cancer treatment. Similar results have been reported by others, with at least 16% to 35% of radical prostatectomy 
patients and 24% of radiotherapy patients receiving second cancer treatments within 5 years of primary treatment ( 6,7 and 8). However, there are no adequate 
studies comparing outcomes of these secondary treatments, and the specific indications and optimal timing for additional therapy are equally undefined. Herein, we 
discuss the identification of local recurrence after initial treatment for prostate cancer, as well as the various treatment options with definitive, curative intent in 
patients whose cancers recur locally after radical prostatectomy, radiation therapy, or cryosurgery.

RISK FACTORS FOR RECURRENCE

Multiple studies have examined predictors of recurrence after definitive treatment for prostate cancer. The majority of this data is derived from an analysis of the 
outcomes of patients treated by radical prostatectomy (Table 36-1). Pretreatment clinical features that correlate with prognosis include T stage, biopsy Gleason score, 
and serum PSA level (9). As one would expect, higher stage, the presence of Gleason pattern 4 or greater or a Gleason sum greater than 7, and PSA levels 
exceeding 10 ng per mL are associated with an increased risk of progression after surgery. These elements have been combined to more accurately predict tumor 
extent or pathologic stage and, therefore, prognosis; such probability tables and multivariate models have been based on a large number of men who have undergone 
radical prostatectomy (10,11 and 12). In addition to clinical parameters, more precise prognosis can be made from analysis of the radical prostatectomy specimen. 
Pathologic criteria, which are independent factors, include tumor grade, surgical margin status, and the presence of extracapsular disease, seminal vesicle invasion, 
or involvement of pelvic lymph nodes (i.e., pathologic stage greater than T2N0M0) ( 13). Patients with Gleason sum 8 to 10 fare poorly when compared to patients with 
Gleason sum 2 to 4 and 5 to 6; those with a Gleason score of 7 have an intermediate prognosis ( 14). However, cure is possible even in patients with high-grade 
cancer (Gleason sum greater than 7), if confined to the prostate pathologically. Approximately 50% of men with positive surgical margins progress after radical 
prostatectomy; yet, if disease is localized, then recurrence-free rates of more than 80% have been reported ( 15). Patients with organ-confined, low- to 
intermediate-grade prostate cancer have 5-year disease-free recurrence rates greater than 80%, whereas this falls to less than 40% in patients with seminal vesicle 
involvement (pT3) or positive lymph nodes (13,14). Prostate cancer volume correlates with risk of extraprostatic disease and treatment outcomes. Although 
pretreatment tumor volume is difficult to assess, recent studies demonstrate that the number of positive biopsies, as well as percent of biopsy cores, involved with 
cancer can predict risk of extracapsular cancer and disease recurrence after radical prostatectomy ( 16,17 and 18). Similarly, in patients receiving radiation therapy 
and cryotherapy, risks of recurrence are associated with pretreatment serum PSA, tumor grade, and clinical stage. In addition, PSA nadir after treatment predicts risk 
for treatment failure (19). Thus, multiple predictors are available to help identify patients receiving definitive therapy for localized prostate cancer who are at increased 
risk for disease recurrence.

TABLE 36-1. RISK FACTORS FOR RECURRENCE AFTER RADICAL PROSTATECTOMY

IDENTIFYING RECURRENCE AND ITS SITE

Prostate-Specific Antigen

PSA is a powerful tool, not only in the diagnosis of prostate cancer, but also in the monitoring of patients after definitive treatment of clinically localized prostate 
cancer. Typically, biochemical failure precedes clinical disease by 6 to 48 months ( 20). Pound et al. characterized disease progression after PSA elevation in patients 
undergoing radical prostatectomy. Actuarial time to metastases was 8 years from the time of PSA failure and was predicted by time to biochemical failure, Gleason 
score, and PSA doubling time (21). The serum PSA of patients after radical prostatectomy should fall to undetectable levels, and initial testing should begin at 2 to 3 
months. Serial PSA measurements provide the most reliable method in detecting recurrence, as tumor progression rarely occurs in the absence of PSA elevation. 
Likewise, PSA is used as an end point in monitoring outcomes after radiotherapy and cryotherapy. In these cases, however, PSA declines to low but often detectable 



levels, and the PSA response to treatment is unpredictable ( 22). As a result, definitions of treatment success and failure are variable, and no consensus exists. 
Recent recommendations from the American Society of Therapeutic Radiology and Oncology define recurrence after radiotherapy as three consecutive rises in serum 
PSA independent of PSA nadir (23). Only a single study has validated this definition by correlation with clinical outcomes ( 24). Critz et al. propose a PSA nadir of 0.5 
ng per mL or more as the end point for brachytherapy treatment failure, demonstrating significant 5-and 10-year disease-free survival rates in those with nadir PSA 
values less than 0.5 ng per mL (25,26). However, the prognostic value of this nadir depends on most men's achieving a nadir of 0.2 ng per mL or less ( 27). Time to 
reach PSA nadir varies with treatment modality. PSA nadir is typically achieved within 6 weeks after radical prostatectomy or cryosurgery. After radiation therapy, time 
to PSA nadir ranges from 8 to 18 months and even longer with brachytherapy. Ragde et al. reported an average of 42 months to PSA nadir in a series of 152 patients 
receiving brachytherapy. In our evaluation of cryosurgical ablation, we have defined biochemical failure as PSA nadir 0.5 ng per mL or greater, or PSA nadir less than 
0.5 ng per mL with a subsequent increase in PSA of at least 0.2 ng per mL on two consecutive measurements (28). Patterns of PSA failure, such as time to failure, 
nadir PSA reached, time to nadir PSA level, and PSA velocity, are current methods to further evaluate for treatment failure ( 25,26,29,30). Thus, despite the 
widespread use of PSA to monitor disease activity after radiotherapy and cryotherapy, controversy exists regarding exact definitions of treatment failure.

Distinguishing between local recurrence and distant failure is crucial in subsequent treatment decisions ( Fig. 36-1). Physical examination of the prostate or surgical 
bed by digital rectal examination is neither sensitive nor specific in detection or localization of low-volume disease recurrence because of irradiated and postsurgical 
changes in the prostatic fossa. Changes in serial examinations over time, however, may help to detect local disease ( 31). More recently, the need for anastomotic 
biopsy has been questioned. Preliminary data from our patients receiving radiotherapy after prostatectomy show no differences in outcomes between those treated for 
biochemical failure alone and those treated for biopsy-proven recurrence, suggesting that biopsy may not be necessary to define patients most appropriate for 
salvage therapy (32).

FIGURE 36-1. Algorithm for evaluation, diagnosis, and treatment of recurrent prostate cancer. PSA, prostate-specific antigen; RP, radical prostatectomy; RT, radiation 
therapy.

PSA kinetics, in conjunction with pathologic stage and Gleason grade, may provide the best means of identifying the location of tumor failure. Patients with low-grade 
disease generally have local recurrence, whereas those with seminal vesicle invasion or positive lymph nodes are more likely to fail distantly. PSA velocity less than 
0.75 ng per mL per year was observed in 94% of patients with local recurrence ( 33). Conversely, more than 50% of men with metastatic disease had a PSA velocity 
greater than 0.75 ng per mL per year. In the same study, earlier postoperative elevations in PSA within two years were associated with distant disease. Clearly, PSA 
doubling time less than 6 months suggests distant disease. Trapasso et al. described a median PSA doubling time of 4.3 months in patients ultimately progressing 
with distant failure, whereas those patients with clinically detected local failure or biochemical failure only had a PSA doubling time of 11.7 months ( 34). Shorter PSA 
doubling times also predict increased risk for and shorter time to the appearance of clinical disease ( 35).

Imaging

Imaging studies complement clinical and pathologic information in localizing primary treatment failure. These modalities include TRUS, pelvic computed tomography 
(CT), magnetic resonance imaging (MRI) and spectroscopy (MRS), positron emission tomography (PET), and single photon emission CT (SPECT).

The overall probability of a positive anastomotic biopsy performed for an elevated PSA is between 40% and 50% and is not dependent on rectal findings ( 36,37 and 
38). TRUS alone does not increase detection of local recurrence, but merely guides needle placement to the vesicourethral anastomosis. Pelvic anatomy as seen by 
TRUS after radical prostatectomy has been well described ( Fig. 36-2) (38,39 and 40). Bladder neck tissue can be seen as a homogeneous, hyperechoic ring at the 
level of the anastomosis. Recurrent disease is usually seen as a hypoechoic mass posterior or posterolateral to the anastomosis; recurrences elsewhere are less 
common (38). Nonmalignant postoperative tissue may also appear hypoechoic, decreasing the sensitivity and specificity for identifying local recurrence. In addition, 
up to one-third of recurrences may have an isoechoic appearance. Posttreatment changes of the in situ organ after radiation or cryotherapy make the use of TRUS 
even more difficult in these patients with recurrence. Radiation creates a small hyperechoic gland with distortion of normal tissue planes, whereas the prostate after 
cryoablation appears “fuzzy” (36). Nonetheless, local recurrences can be visualized as peripheral hypoechoic lesions. As mentioned earlier, TRUS-guided biopsies 
may not be necessary to confirm local recurrence after radical prostatectomy. Indications for TRUS-guided biopsy after radiation or other forms of focal therapy, such 
as cryotherapy, are not clear. Most would agree that such biopsies should be considered in those patients treated with radiation or cryotherapy who show serial 
elevations in serum PSA after reaching a PSA nadir. Nadir levels of PSA are usually reached within 8 to 18 months after radiation and within 3 months after 
cryotherapy, as stated previously.

FIGURE 36-2. Normal transrectal ultrasound after radical prostatectomy. Longitudinal image of the prostatic fossa. A, vesicourethral anastomosis; arrowhead, bladder 
neck; Bl, bladder; U, bulbar urethra.

Technology in cross-sectional imaging (CT and MRI) continues to evolve, and so does its role in visualizing locally recurrent cancer. CT has virtually replaced 
lymphography in detecting enlarged lymph nodes with sensitivities ranging from 30% to 80% but does not play a significant role in examining local disease ( 41). MRI 
is useful in imaging local and metastatic disease ( 42,43). Endorectal coil MRI increases resolution to 3 mm, appreciably greater than TRUS. Most recurrences after 
radical prostatectomy appear at the vesicourethral anastomosis as isointense lesions on T1-weighted images relative to the surrounding levator ani muscles and as 
areas of reduced signal intensity on T2-weighted images in the normally high-signal-intensity peripheral zone. After radiotherapy, tumor recurrences have similar 
characteristics—hyperintense on T2-weighted images when compared to the levator ani muscles but hypointense relative to the peripheral zone ( Fig. 36-3) (44). 
Another promising avenue is the use of three-dimensional hydrogen-1 MRS in detecting differences in citrate and choline levels in malignant and benign prostate cells 
(Fig. 36-4) (45). However, further studies are required to document the use of routine MRI and MRS in evaluating treatment failure.



FIGURE 36-3. Magnetic resonance imaging (MRI) demonstrating recurrent prostate cancer after radiation therapy. T2-weighted image showing an irregular soft tissue 
mass on the left side, representing likely tumor recurrence.

FIGURE 36-4. Magnetic resonance spectroscopy of the prostate shown in Figure 36-3(A). Areas in which (choline+creatine)/citrate >0.74 suggest prostate cancer (B).

PET, although used routinely in brain and cardiac imaging, is not well described in prostate cancer. Imaging takes advantage of differential cellular uptake and 
metabolism of a radiolabeled compound, such as the glucose analog 18-fluoro-2-deoxyglucose ( 46). Theoretically, the increased positron emission by tumor cells is 
detected and allows localization; however, high 18-fluoro-2-deoxyglucose activity is seen in the urinary bladder as well as in benign prostatic hyperplastic tissue. 
Thus, the use of PET in recurrent prostate cancer, especially after radiotherapy and cryotherapy, is unclear ( 47,48 and 49).

Clinical use of antibody imaging and SPECT in prostate cancer is a recent development, with U.S. Food and Drug Administration approval in 1996 for use in 
postprostatectomy patients with biochemical recurrence but no detectable site of recurrence by conventional imaging ( 50). The indium-111 (111In) capromab pendetide 
(ProstaScint) scan is based on a murine monoclonal antibody, recognizing prostate-specific membrane antigen conjugated to a linker-chelator and the radioisotope 
111In. Results do not indicate a clear role for ProstaScint imaging, with overall sensitivity and specificity ranging from 44% to 92% and 36% to 86%, respectively ( 51). 
However, although inferior to bone scintigraphy for detecting bone metastases, ProstaScint is able to detect prostatic fossa recurrence with reasonable accuracy. 
Kahn et al. reported on SPECT findings and ability to predict response to salvage radiotherapy in 32 patients ( 52). Seventy percent of those patients with a normal 
scan or evidence of only local disease had a durable, complete response to radiotherapy, whereas only 22% with ProstaScint findings outside the prostatic fossa 
responded.

RECURRENCE AFTER RADICAL PROSTATECTOMY

Despite earlier diagnosis, improved patient selection, and evolution in surgical technique, as many as 35% to 50% of patients undergoing radical prostatectomy 
develop biochemical recurrence after treatment. Up to half of these men have local recurrence, with the remainder having distant disease alone or combined local and 
distant failure (53). Therefore, it is important to define the role of regional therapy in patients after radical prostatectomy who may potentially benefit from further 
treatment.

External beam radiation therapy has been used in an adjuvant fashion in men with adverse pathologic characteristics at increased risk for recurrence and a 
therapeutic fashion in men with biochemical PSA failure or biopsy proven recurrence. Older data with significant follow-up were obtained before the widespread use of 
PSA. Gibbons et al. compared outcomes between patients receiving adjuvant radiation therapy and those merely followed for disease progression ( 54). Although local 
recurrence in the untreated group was higher, no statistically significant survival advantage was noted in the treated group. There was a suggestion that immediate 
adjuvant therapy was superior to delayed therapy for clinically detectable local recurrence in preventing metastases and cancer-specific deaths.

More recent studies suggest that 51% to 94% of patients receiving adjuvant radiotherapy will maintain a persistently undetectable PSA ( Table 36-2) (54,55,56,57 and 
58). In addition, local recurrence rates appear to be decreased in such patients compared to similar patients who did not receive adjuvant radiation. Nevertheless, a 
clear survival benefit still has not been demonstrated, and the role of adjuvant radiotherapy in those patients at risk for failure remains controversial. The rationale for 
early adjuvant radiation includes more effective treatment of a smaller tumor volume. The potential for unnecessary therapy, however, exists in these patients. One 
particular area of controversy involves those men with positive surgical margins. Although at risk for local recurrence, up to half of these men remain disease free at 
10 years and would not benefit from additional radiation. Recently, we analyzed this question by creating a decision analytic model, comparing early adjuvant 
radiotherapy with surveillance in patients with positive surgical margins at the time of radical prostatectomy ( 59). The decision analysis demonstrated an outcome 
benefit for adjuvant radiation in patients with low to intermediate Gleason grade and no seminal vesicle invasion. Furthermore, surveillance was favored in patients 
with a single positive margin, but improved outcome values were associated with adjuvant radiation for multiple positive margins. Other data support the decision 
analysis and suggest a benefit to adjuvant therapy in some patients. Bullock et al. analyzed 544 men with undetectable postoperative PSA levels but adverse 
pathologic features (60). Adjuvant radiotherapy demonstrated a statistically significant improvement in 7-year recurrence-free survival only in the group with positive 
surgical margins. Valicenti et al. compared prostatectomy patients with stage pT3N0 in a matched-pair analysis ( 61). Those men receiving adjuvant radiation therapy 
had a 5-year disease-free rate of 89%—an 83% reduction in the risk of biochemical failure. Until data from prospective randomized trials are available regarding 
survival, this information merely aids the physicians and patients in determining management strategy after surgery. Currently, the European Organization for 
Research and Treatment of Cancer, the National Cancer Institute, and the Southwest Oncology Group have trials under way comparing radical prostatectomy and 
observation with radical prostatectomy and adjuvant radiotherapy in men with pathologic stage T3 prostate cancer ( 62).

TABLE 36-2. RESULTS OF RADIOTHERAPY AFTER PROSTATECTOMY



Treatment of biochemical disease recurrence with radiation can often result in an undetectable PSA. In general, freedom from biochemical recurrence has been 
reported in 30% to 65% of men after therapeutic or salvage radiotherapy ( Table 36-2) (63,64,65,66,67 and 68). Schild et al. reported an overall 50% disease-free 
survival at 3 years; however, 78% of those patients with a preradiation PSA less than 1 ng per mL were disease free, whereas only 18% of men with PSA greater than 
1 ng per mL remained disease free (63). Forman et al. also reported improved disease-free survival in patients with lower preradiation PSA (less than 2 ng per mL) 
(68). Other investigators have reported no differences between adjuvant and therapeutic radiotherapy in patients with initially undetectable PSA after surgery. 
Similarly, Coetzee et al. noted a more durable response to radiation in men who failed after an initial undetectable PSA when compared to men with a persistently 
detectable PSA (66% at 40 months vs. 20% at 12 months, respectively) (56). We recently evaluated our experience with radiation after radical prostatectomy in 105 
patients at the University of California, San Francisco (UCSF) ( 32). The overall 5-year disease-free survival rate was 43%, with failure after radiation defined as PSA 
greater than 0.2 ng per mL. Outcomes were equivalent in those men receiving adjuvant and salvage radiotherapy when therapeutic radiation was initiated with a low 
serum PSA (less than 1 ng per mL) (Fig. 36-5). There were no differences between the two groups with respect to preprostatectomy PSA, tumor grade, or pathologic 
stage. Our data, as well as that from Vicini et al., also demonstrate the indication for radiotherapy (adjuvant vs. therapeutic) as an independent prognostic factor 
associated with biochemical control ( 69). However, no other clinical-, pathologic-, or treatment-related factors were associated with 5-year outcome in their patients. 
Cadeddu et al. present more pessimistic data (70). Only 21% of men had an undetectable PSA for more than 2 years after therapeutic radiation after prostatectomy. 
No patients with Gleason score of 9 or greater, positive seminal vesicles, or positive lymph nodes had undetectable PSA levels more than 2 years. Finally, early 
treatment (i.e., at lower PSA or isolated PSA elevation without documented local recurrence) did not predict a favorable response to therapy. Thus, although it 
appears that adjuvant radiotherapy is a viable option in patients at higher risk for local recurrence, radiation may be used with efficacy in a therapeutic fashion when 
tumor volume, as reflected by serum PSA, is low. Patients most likely to benefit from salvage radiation after prostatectomy include those with low- to moderate-grade 
tumors with an undetectable postoperative PSA that rises after more than 1 year later. The exact timing of radiation has yet to be determined, although a PSA cut 
point of 2 ng per mL currently appears reasonable.

FIGURE 36-5. Prostate-specific antigen (PSA) progression-free survival by preradiotherapy PSA. Comparison of the interval to biochemical disease recurrence in 
patients treated with adjuvant radiation therapy (RT), therapeutic RT with pre-RT PSA <1 ng per mL, and therapeutic RT with pre-RT PSA ³1 ng per mL. The number 
of patients at risk according to the indication for RT is given below the curves. (From Nudell DM, Grossfeld GD, Weinberg VK, et al. Radiotherapy following radical 
prostatectomy: treatment outcomes and patterns of failure. Urology 1999;54:1049, with permission.)

Morbidity of adjuvant or therapeutic external beam radiation has not been carefully reported. Typically, 45 to 65 Gy is delivered to the prostatic bed and is generally 
well tolerated. Short-term complications, including bowel and bladder irritability, are seen in approximately 10% of patients, whereas long-term and significant 
complications are less well defined ( 71). A retrospective study of 294 men analyzed the effects of adjuvant external beam radiation on urinary continence and potency 
after nerve-sparing prostatectomy (72). With a median follow-up of 2.6 years, no significant impact of postoperative radiation was seen on urinary continence or 
erectile dysfunction. A more recent study evaluated quality of life in patients undergoing salvage procedures ( 73). When compared to patients undergoing salvage 
prostatectomy after initial radiotherapy, patients treated with radiation after prostatectomy fared better in measures of physical well-being and urinary continence. Both 
groups, however, reported a high incidence of impotence and similar satisfaction with their quality of life.

Other forms of treatment for locally recurrent disease after radical prostatectomy have been reported but are not well characterized. These include brachytherapy and 
cryosurgical ablation. Kotrouvelis et al. treated five patients with salvage brachytherapy after prostatectomy with acceptable morbidity and results ( 74). At UCSF, we 
have treated three cases of local recurrence after prostatectomy with cryoablation; one patient has had an undetectable PSA for 3 years. Another patient had salvage 
brachytherapy after prostatectomy, and, 18 months after the procedure, his PSA was 0.03 ng per mL. Improvements in technology may lead to improved outcomes 
with these modalities. However, further studies are required before their routine use after radical prostatectomy can be recommended.

RECURRENCE AFTER RADIATION THERAPY

Radiation therapy (external beam or brachytherapy) has been used with increasing frequency for organ-confined prostate cancer ( 75). As with surgery, a certain 
percentage of patients receiving radiation may fail locally due to inadequate localization of the target, inadequate dose, or radiation resistance. Therefore, issues of 
detection and localization of recurrence after radiation and subsequent treatment options are important to elucidate.

As mentioned earlier, PSA definitions of radiation failure have varied among the studies. Nevertheless, any rising PSA level after radiation therapy may signal active 
residual disease. An exception may be those who have been treated with neoadjuvant hormonal therapy in whom androgen levels may rise after stopping androgen 
deprivation. In addition, an interesting phenomenon has been noted in approximately one-third of patients who receive brachytherapy but not other forms of radiation. 
A self-limited, temporary rise in serum PSA often occurs 12 to 18 months after the procedure; this benign PSA flare is unrelated to tumor progression ( 76). As many as 
one-third of patients may demonstrate rising PSA levels at 3 years, and as many as half may fail clinically within 5 to 7 years after external beam radiation ( 77,78 and 
79). Recurrence rates appear to have decreased through the use of radiation techniques that target the prostate better and allow for delivery of higher doses. In those 
patients with recurrent or persistent localized disease, the curative therapeutic options traditionally included salvage prostatectomy or cryoablation. Most commonly, 
however, androgen ablation was instituted with postradiation recurrence. We have found that androgen deprivation is the most common form (88%) of secondary 
treatment after radiotherapy, suggesting limited curative options for those patients currently failing initial radiation. Innovative forms of treatment have emerged in 
recent years that may increase potentials for cure with secondary treatments.

Salvage prostatectomy after radiotherapy has been approached cautiously in the past. It may be technically difficult but has been demonstrated to be feasible with 
acceptable morbidity and cure rates. Several reports document the efficacy of salvage surgery ( 80,81 and 82). Overall, cancer-specific survival and disease-free rates 
have ranged from 70% to 90% and 30% to 50% at 8 to 10 years, respectively. Pathologically organ-confined disease is found in 20% to 50% of cases and is an 
important prognostic factor. In a series from Tefilli et al., all patients with organ-confined disease were disease free at 34 months ( 83). Amling et al. (84) reported a 
10-year disease-free survival of 43% in 108 patients, similar to results from Rogers et al. and Moul et al. ( 82,85). DNA ploidy and preoperative serum PSA were 
significant predictors of outcome after surgery. Another study also reported radical prostatectomy Gleason score as an independent predictor of cancer-specific 
survival (86). Other factors influencing outcomes of salvage prostatectomy include preradiation clinical stage and preoperative PSA ( 87). Data suggest that PSA 
levels less than 10 ng per mL before surgery may predict pathologically localized disease and reduced recurrence. Currently, the Cancer and Leukemia Group B is 
evaluating salvage radical prostatectomy in a prospective fashion. Criteria for inclusion are men with biopsy-proven local disease at least 18 months after initial 
radiotherapy for PSA less than 20 ng per mL and Gleason sum less than 8 ( 71). In general, salvage prostatectomy after radiation should be reserved for men with low 
co-morbidity and a 10-year life expectancy in who recurrence is not locally advanced. Parameters guiding the decision include Gleason sum of 7 or less, PSA less 
than 10 ng per mL, and clinical stage T2 or less at the time of radiation and surgery. However, accurate presurgical staging is often difficult after radiation and may 
make appropriate patient selection difficult.

Complications of salvage prostatectomy are more common when compared to primary prostatectomy. Urinary incontinence is seen in 20% to 60% of patients, bladder 
neck contracture in approximately 20%, and impotence is virtually universal. Rectal injury occurs in fewer than 10% of patients and rarely necessitates fecal diversion 
(80,82,88,89). Contemporary series report better outcomes owing to improved patient selection, earlier identification of failure, and improved surgical technique. 
Nevertheless, patients must be informed of all potential outcomes, including cystoprostatectomy and urinary diversion, temporary diverting colostomy, and 



inoperability secondary to pelvic desmoplasia. Some have proposed planned salvage cystoprostatectomy or urinary diversion, or both, at the time of salvage surgery 
to maximize subsequent lower urinary tract function (90,91 and 92). Careful preoperative evaluation is necessary to identify manifestations of radiation injury, such as 
intractable hematuria, low-capacity bladder, and irritative lower urinary tract symptoms, which may alter treatment decisions.

Interest in primary and salvage cryosurgical ablation of the prostate has reemerged with technical innovations and the desire for minimally invasive procedures. 
High-resolution TRUS allows precise placement of the probes and real-time visualization of the freezing process. In addition, freezing may cause greater tumor 
destruction of a heterogeneous, radioresistant cell population even outside the prostate in adjacent tissues, when compared to other modalities. Reported results, 
however, have been modest with the largest series of patients treated at the M. D. Anderson Cancer Center ( 93). Seventy-seven percent of patients had negative 
sextant biopsies 6 months after cryoablation, but only 45 of 150 patients (31%) had persistently undetectable PSA with a mean follow-up of 13.5 months. A double 
freeze-thaw cycle appeared more effective than a single cycle in reducing positive posttreatment biopsy and biochemical failure rates. Bales et al. noted only a 9% 
disease-free rate after salvage cryotherapy (94). PSA characteristics in monitoring outcome after cryotherapy, either primary or salvage, are not well defined. Early 
evidence suggests that PSA nadir (less than 0.5 ng per mL) is currently the best prognostic indicator of biochemical-and biopsy-proved failure. Furthermore, it was 
noted that even small fluctuations in PSA might signify subsequent biochemical failure ( 95). Other variables, such as initial clinical stage, number of probes, and 
operator experience, may play a role in salvage outcomes.

Morbidity of salvage cryotherapy, similar to salvage prostatectomy, may be significant. A majority of men will experience problems with incontinence, and up to 50% 
may require transurethral resection for urinary retention and obstructive voiding symptoms. Impotence occurs in approximately 70% of men. Cespedes et al. stress the 
importance of effective urethral warming and the potential of improvements in incontinence up to 1 year after therapy in these patients ( 96). Complications such as 
urethrorectal fistula, abscess formation, and urethral stricture are fortunately rare.

Salvage brachytherapy after primary radiotherapy has been proposed as a promising treatment modality ( 97). In the past, concerns centered on the risk of injury to the 
urethra, bladder, and rectum with additional radiation as well as the questionable biologic response in a tumor with possible radioresistant elements, given failure of 
standard external beam radiotherapy. However, further investigation is warranted in light of improvements in imaging, treatment planning, and delivery methods as 
well as the documented morbidity of alternatives (i.e., prostatectomy and cryoablation). Grado et al. followed 49 patients treated with brachytherapy after 
biopsy-proven primary radiotherapy failure ( 97). Actuarial biochemical-free survival was 34% at 5 years and was associated with a postsalvage PSA nadir below 0.5 
ng per mL. Local disease control was 98%—only a single patient demonstrated local clinical failure. These results are encouraging, especially given the treatment 
population. The median age was 73.3 years, and 71% had locally advanced disease at initial presentation; 90% of the cancers were moderately to poorly 
differentiated on prebrachytherapy biopsies. Complications were similar to those patients undergoing primary brachytherapy.

Innovative forms of therapy are being developed that may play a role in salvage therapy. High-intensity focused ultrasound and radiofrequency interstitial ablation are 
being studied and appear to have promise in local control of prostate cancer ( 98,99 and 100). These methods induce coagulative necrosis of the tissue within the 
confines of the prostatic capsule. In preliminary studies, primary high-intensity focused ultrasound achieved local control in 60% to 80% of patients ( 101). 
Radiofrequency ablation was able to produce predictable lesions of in vivo prostates before radical prostatectomy. Although these modalities hold promise as 
relatively noninvasive methods to treat recurrent cancer, their long-term efficacy and morbidity require further definition.

RECURRENCE AFTER CRYOTHERAPY

Cryosurgical ablation of the prostate has evolved greatly over the past 30 years. Early experience revealed limited local and overall control with significant treatment 
morbidity. More contemporary data provide a better understanding of the technique. We have performed cryoablation in 176 patients over a 5-year period with a mean 
follow-up of 31 months (28). Nadir PSA was undetectable in almost half of the patients, and biopsies were positive in 38%. Treatment success, defined as a PSA 
nadir less than 0.5 ng per mL that did not rise by more than 0.2 ng per mL on two consecutive measurements, was seen in 43% of men. Pretreatment PSA less than 
10 ng per mL and undetectable PSA nadir after cryotherapy predicted for biochemical recurrence-free survival. Similar results have been reported by Long et al. 
(102). Although it appears that a substantial number of patients fail cryotherapy, the majority was at high risk for disease recurrence based on pretreatment stage, 
serum PSA, and Gleason grade. Results of cryotherapy may be comparable to other forms of primary therapy when accounting for the unfavorable patient population.

For those patients whose cancers recur after cryotherapy, the choice of secondary treatment is not well defined. Repeat freezing has been reported, as well as 
salvage prostatectomy. In the subset of patients at UCSF who underwent multiple cryotherapy procedures, 67% had no cancer on subsequent biopsies, but only 33% 
achieved long-term, favorable PSA values (28). Grampas et al. successfully performed radical perineal prostatectomy in six patients after initial cryotherapy ( 103). 
Pisters et al. used cryotherapy in a neoadjuvant fashion with radical prostatectomy in patients with locally advanced cancer ( 104). Of seven patients treated, only one 
failed by PSA criteria, one had positive surgical margins, and four had stage pT0. Substantial morbidity with respect to incontinence and impotence was reported. 
Radiation treatment can be given after cryoablation. Unlike cryotherapy after radiation, salvage radiation after cryotherapy appears to be associated with minimal 
morbidity.

FUTURE DIRECTIONS

Recurrence after definitive treatment for prostate cancer is a significant problem. Inadequate trials exist to determine the optimal diagnostic and treatment strategies 
after radical prostatectomy, radiation therapy, or cryosurgical ablation in which there is potential for or documented evidence of local disease. Limited curative options 
are available in many situations. We await the development of more efficacious and perhaps less morbid treatment options.

Other promising areas of research concern detection of disease relapse and molecular characterization of disease. Use of the ultrasensitive PSA assay may allow 
earlier determination of biochemical failure and prompt institution of salvage therapy. This lead time may increase efficacy of second treatments, such as radiotherapy 
after prostatectomy, by minimizing tumor burden. Pathologic and immunohistochemical markers can add additional information to prognosis. It remains to be 
determined whether certain genetic markers can predict for disease recurrence or metastatic potential; if found, this information could direct the type and timing of 
additional interventions. In addition, it must be recognized that not all patients who fail initial treatment as evidenced by biochemical relapse will experience 
disease-specific morbidity or mortality. Better discrimination of such patients may spare them the inconvenience, cost, and morbidity of complex testing or treatment, 
or both.

Finally, many patients fail primary and salvage therapy because of undetected metastatic or micrometastatic disease. Development of novel systemic treatment may 
address this issue by affecting local and distant prostate cancer cells. New approaches currently undergoing evaluation, such as antiangiogenesis agents or 
immunotherapy, may revolutionize therapy of prostate cancer.
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INTRODUCTION

For men with pathologic stage T1 and T2 prostate cancer, the incidence of residual disease within the tumor bed is low, and the probability of a surgical cure is high. 
Unfortunately, extracapsular disease (pathologic stage T3 [pT3]) is commonly found in the final pathologic specimen of these men ( 1), because the uncertainty 
inherent in clinical and radiologic evaluations makes it difficult to determine with precision those individuals with organ-confined disease. Surgical series suggest that 
only half of all men with clinical stage T1-2 prostate cancer have organ-confined disease at surgery ( 2,3,4,5,6 and 7). The higher the tumor stage, the greater the 
likelihood that clinical staging will prove to be an underestimate. Up to 26% of patients with clinical T1c disease will ultimately prove to have extracapsular disease, 
compared with 33% of patients with clinical T2a disease and 68% of those with clinical T2b-c disease ( 3,6).

Men with pT3 disease are at higher risk for local and distant relapse than are those with organ-confined disease, but the degree of risk varies with histologic feature 
and the presence or absence of detectable postoperative serum prostate-specific antigen (PSA) level. Not all patients with pT3 disease need or are good candidates 
for postprostatectomy radiation therapy. Defining the optimal therapy for these patients requires clear answers to the following important questions:

1. Is it possible to predict which men are at particular risk for local rather than distant failure?
2. If so, can immediate adjuvant local irradiation prevent a predictable postoperative rise in PSA level?
3. Can salvage irradiation effectively suppress a PSA level that has already begun to rise?
4. Is immediate adjuvant irradiation any more effective than deferring radiation until a relapse is detected?

Although the rates of radical prostatectomy have declined somewhat from a high of 206 per 100,000 men in 1992, the overall fall in rates obscures important 
age-related trends. The largest decrease has occurred among older men, dropping 51% in men 70 to 74 years of age and 71% in men 75 years of age or older. In 
contrast, prostatectomy rates in younger men increased between 1992 and 1995, rising 42% in men 45 to 49 years of age and 18% in men 50 to 54 years of age ( 8). 
The answers to the questions presented earlier are of utmost importance to all men who undergo prostatectomy as well as for the clinicians who will treat them. But 
they are especially important for the increasing number of younger men who face many years of life after prostatectomy, many of whom will be confronted with the 
troubling problem of what course to take when cancer recurs after prostatectomy.

FAILURE PATTERNS OF PATHOLOGIC T3 PATIENTS

Historic Clinical Outcome Studies

Extracapsular disease clearly increases the risk of local failure, with long-term studies reporting rates ranging 25% ( 9) and higher (Table 37-1). Myers and Fleming 
reported 10-year local recurrence figures of 46% when the capsule was “perforated” ( 6), whereas an actuarial analysis by Anscher and Prosnitz gave a risk of 51% at 
10 years and 68% at 15 years (10,11). In the multivariate analysis performed by these investigators, the strongest independent predictors of local failure were positive 
surgical margins, high tumor grade, and an elevated serum acid phosphatase level. Capsular penetration alone did not have predictive value.

TABLE 37-1. CLINICAL LOCAL FAILURE RATES AFTER RADICAL PROSTATECTOMY WITH POSTOPERATIVE RADIATION IN THOSE JUDGED TO BE AT 
HIGH RISK: PT3, N0

Seminal vesicle involvement also predicts recurrence. For local failure, Gibbons et al. ( 9) and Schellhammer (1) reported rates of 44% when seminal vesicles were 
involved. In an effort to disentangle seminal vesicle involvement from positive surgical margins, Anscher and Prosnitz used a multivariate analysis ( 11). They 
determined that seminal vesicle invasion was not an independent predictor for local failure but was the strongest predictor for distant metastasis. This fits with the 
grave prognosis that seminal vesicle invasion has long been recognized to carry—of 17 patients reported by Jewett et al. to have unsuspected seminal vesicle 
involvement, none was alive at 15 years (5). Thus, although the actuarial percentages for local failure may be high when the seminal vesicles are involved, the actual 
numbers are relatively low because of the substantial mortality due to distant metastasis or the introduction of androgen suppression when metastases arise.

Contemporary Prostate-Specific Antigen Outcome Studies

In recent years, PSA failure has come to be regarded as an early signal of failure and a trigger for subsequent therapy. Among patients with organ-confined disease, 
a steadily rising PSA is seen in less than 20% of cases. Among those with extensive extracapsular disease, positive margins, or seminal vesicle invasion, up to 75% 
may ultimately relapse (Table 37-2). A rising PSA level may signal one of three possibilities: the first sign of a local failure, metastatic disease, or local failure plus 
metastatic disease. Local therapy such as tumor bed irradiation can benefit only those patients with truly local disease, whereas a more global approach, such as 



androgen suppression, is called for when metastatic disease is present.

TABLE 37-2. DISEASE-FREE SURVIVAL OF PT3, N0 PATIENTS OVERALL

Although extraprostatic disease is classified as stage pT3, patients with extracapsular disease confined to the specimen may well differ from those with positive 
surgical margins. In one series from Duke University Medical Center, 68% of men with specimen-confined disease were biochemically free of disease at 4 years, 
compared with only 34% of those with positive margins, a group that comprised 23% of all prostatectomies ( 12). At Boston University Medical Center, only 25% of 
patients with positive margins were biochemically disease free at 5 years ( 13) (Fig. 37-1). Using a scrupulous step-sectioning process, the Johns Hopkins and 
Stanford groups have drawn a prognostic distinction between focal and extensive positive margins that may prove useful in further refining the subgroup at particular 
risk of relapse (14,15,16 and 17). This work suggests that the high proportion of patients with focally positive margins has a 40% risk of progression at 5 years, 
compared to the smaller proportion of patients with extensively positive margins who face a 65% risk of progression. These numbers are reflected in the failure rate of 
men with positive margins in the Duke and Boston University series, in which such distinctions were not made. The very low incidence of extensively positive margins 
at Johns Hopkins is the consequence of good case selection—relatively few patients with bulky disease, high-grade disease, or high preoperative PSA values 
undergo radical prostatectomy.

FIGURE 37-1. Freedom from subsequent failure by final pathologic stage for node-negative patients treated by radical prostatectomy at the Boston University Medical 
Center. (From Zietman AL, Edelstein RA, Coen JJ, et al. Radical prostatectomy for adenocarcinoma of the prostate: the influence of preoperative and pathologic 
findings on biochemical disease-free outcome. Urology 1994;43:828, with permission.)

There is considerable overlap in risk among men with positive margins and men with extensive extracapsular disease. For patients with “established” extracapsular 
disease regardless of margin status, Partin et al. showed only 20% freedom from relapse, although those with positive margins failed significantly faster ( 16,18). In 
addition to extraprostatic involvement, high Gleason sum (7 or greater) is a powerful predictor of PSA failure.

The timing and rate of rise of the PSA level after surgery may be used to distinguish occult local failure from occult distant failure. Of 51 postprostatectomy patients 
who were followed from an increase in PSA level to the development of clinical failure, 16 (31%) developed local disease and 35 (69%) distant disease ( 19). If the 21 
patients with positive lymph nodes (all of whom developed distant failure) were excluded, then 53% developed local disease and 47% developed distant disease. At 
the time of local failure, the average PSA level was only 7 ng per mL, compared to 123 ng per mL at the time of distant failure.

Contemporary Rebiopsy Series

Certain pathologic features are clearly associated with PSA failure. The source of this PSA may well be residual disease in the prostatic fossa. Evidence supporting 
this comes from studies in which systematic attempts have been made to rebiopsy the fossa. In a study of 63 men with postoperative PSA elevations, Lange 
determined that only six had distant metastases determined by bone or computed tomography (CT), and 40% of the remaining 57 had positive biopsies at the 
urethrovesical junction (20). Of 30 men with a normal PSA level, none had positive biopsies. Lange's group also reported that pelvic radiotherapy reduced PSA levels 
in 80% of those who received it; PSA levels fell to undetectable levels in 53% ( 21). This study offers solid evidence that a substantial proportion of men with elevated 
postoperative PSA levels have residual disease within the pelvis. Whether this is the only site of disease recurrence may be determined largely by the presence or 
absence of seminal vesicle invasion and the histologic grade.

In a later study of 114 men with rising PSA levels and no evidence of metastatic disease by bone and CT scan, Connolly et al. report that 54% had locally 
persistent/recurrent disease on careful rebiopsy. Of these, 20% had been reported as having organ-confined disease at the time of prostatectomy, and 66% had 
positive margins (22).

Pelvic irradiation is more likely to durably suppress PSA levels in the presence of positive margins than it is in the presence of seminal vesicle involvement, which 
seems to confirm the clinical suspicion that relapse is more often distant rather than local for patients with seminal vesicle involvement. Patients with nodal disease 
are at particularly high risk of dissemination and are not considered in this discussion.

RESULTS WITH POSTOPERATIVE SALVAGE RADIATION THERAPY FOR ISOLATED RISES IN PROSTATE-SPECIFIC ANTIGEN 
LEVELS

At many institutions, adjuvant irradiation is not routinely given to those at substantial risk of local failure on the grounds that routine adjuvant therapy would irradiate 
some men unlikely to benefit from it—namely, those with no disease and those with occult metastatic disease. It is reserved instead as salvage therapy if the PSA 
level should subsequently rise. Such a “wait and watch” policy has been made possible by the use of PSA criteria in defining relapse, which allows for faster detection 
and earlier treatment of failure. The timing and the rate of rise of postoperative PSA level may be used to discriminate between occult local failure and occult distant 
failure. In a study by Partin et al., only 1 of 17 men with a rising PSA level in the first year after surgery went on to develop local failure ( 19). This increased to 9 of 23 
in the second and third years and to 6 of 11 after the third year. The majority (15 of 16) with local failure had a PSA velocity of less than 0.75 ng per mL per year.

A component of local failure is evident in a substantial proportion of men with isolated PSA rises after radical prostatectomy, with minimum estimates from rebiopsy 
studies of 40% to 54%. It is therefore no surprise that a majority of patients with a rising PSA level and a negative metastatic workup (usually isotope bone scan and 
pelvic CT scan) respond to local measures, such as salvage radiation ( 21). Whether the response is durable is the subject of much debate ( Table 37-3). An early 
study by McCarthy et al. reported a high (68%) 3-year freedom from biochemical failure in men given salvage irradiation for isolated PSA failure ( 23). Although longer 
follow-up reveals a continued increase in failure, 36% of patients in this series remained biochemically disease free at 6 years. We have observed a similar 



phenomenon among patients at Massachusetts General Hospital (MGH)—1% of selected patients initially responded to radiation with PSA levels falling to less than 
0.5 ng per mL, but this was maintained in only 27% at 5 years (24). It thus appears that salvage radiation therapy is effective in the long term only for a minority of 
treated patients.

TABLE 37-3. RESULTS OF SALVAGE IRRADIATION FOR PATIENTS WITH DETECTABLE PROSTATE-SPECIFIC ANTIGEN (PSA) LEVELS AFTER RADICAL 
PROSTATECTOMY AND NO RADIOLOGIC EVIDENCE OF METASTASES

McCarthy et al. noted that a lower proportion of durable responses was seen when the original pathology had shown organ-confined disease, as compared to those 
who had been pT3 (23). This suggests that the small number of patients with organ-confined disease who do relapse do so more commonly with metastatic disease.

Immediate Adjuvant or Salvage Irradiation?

The lively debate on the relative merits of immediate adjuvant radiation therapy versus delayed salvage irradiation is fueled by conflicting evidence on this topic. 
Historical studies suggest that beginning therapy after the appearance of gross local recurrence may be too late. In these studies, crude local control rates for locally 
recurrent tumors range from 58% to 100% at 5 years, with a mean of 70% (9,25,26,27 and 28). These data suggest, not surprisingly, that it is more difficult to control a 
gross recurrence than a microscopic residuum. At the MGH, fewer than 40% of men irradiated for palpable local recurrence of prostate cancer were biochemically 
disease free 2 years after irradiation ( 29). Equally dismal is clinical disease-free survival, with less than 20% survival 10 years after irradiation. Cure after gross local 
failure is thus most unlikely.

Three older long-term studies suggest a benefit of adjuvant irradiation in terms of clinical disease-free survival compared to historical controls with deferred salvage 
(10,30,31). However, these studies were generally performed before the use of PSA testing was common, and, thus, salvage therapy would not have been given until 
relatively late. Today, the widespread use of PSA levels in follow-up allows for earlier detection of failure and thus may reduce the impact of deferred irradiation.

Data from a number of studies suggests that durable suppression of PSA level is inversely related to the PSA level at the time of irradiation ( Table 37-4). This can be 
explained two ways: First, the PSA level correlates with local tumor volume and the probability of metastases. Allowing a tumor to regrow locally to a significant size 
also allows a second chance for metastasis to occur. Second, the PSA level at the time of radiation may reflect the rate of rise, with early rapid rises correlated far 
more strongly with ultimate metastasis than with clinical local failure ( 19).

TABLE 37-4. RELATIONSHIP BETWEEN PROSTATE-SPECIFIC ANTIGEN (PSA) VALUE AT THE TIME OF SALVAGE IRRADIATION AND THE LIKELIHOOD OF 
DISEASE CONTROL

Persistently Detectable Prostate-Specific Antigen Levels after Prostatectomy

Patients whose PSA levels do not decline to undetectable levels after prostatectomy comprise a subgroup with a particularly poor prognosis ( Table 37-3). Although 
this may reflect a large bulk left within the tumor bed, it more likely represents the presence of metastatic disease. In the series of Partin et al., none of the patients 
with a PSA level detectable in the first 6 months after surgery developed local failure, whereas all of those observed without treatment went on to develop metastases 
(19). Lange et al. reported that only 26% of patients with detectable PSA levels after prostatectomy had durably depressed PSA levels after radiation ( 21), McCarthy 
et al. reported only 18% (23), and Link et al. saw a durable response in only 1 patient of 12 ( 32).

Although radiation may be offered to men whose PSA levels fail to drop into the undetectable level after prostatectomy on the small chance of cure, the major clinical 
issue for them is whether to begin androgen deprivation early or on clinical relapse.

RADIATION TECHNIQUE

Target Volume

The careful ultrasound-guided rebiopsy studies reported by Connolly et al. clearly document the likely sites of local failure in the perianastomotic region 66% of the 
time, usually posterior or lateral; at the bladder neck in 16% of cases; and within the retrovesical space in 13% ( 22). This relatively small area makes up the target 
volume for salvage or adjuvant radiation ( Fig. 37-2). There is no need for elective pelvic radiation, because lymph nodes in this region were sampled during 
prostatectomy and found negative. Larger nodal fields would greatly increase the morbidity of postoperative treatment.



FIGURE 37-2. Aand B: Schematic diagrams showing anteroposterior and lateral fields used to deliver radiation therapy after radical prostatectomy. C and D: 
Anteroposterior and lateral simulation films corresponding to (A) and (B). Rectal barium, a cystogram, and a urethrogram are routinely used to define target and 
nontarget structures. PTV, planning target volume.

Radiation Dose and Morbidity

An appropriate concern of urologic surgeons is that postoperative radiotherapy will interfere with healing and thus exacerbate complications such as incontinence, 
stricture formation, impotence, and edema. Several reports now testify that doses of 60 to 65 Gy, which give excellent local control, have an acceptably low risk of 
complications (9,10,24,25 and 26,33,34,35,36 and 37).

In most comparative studies, adjuvant radiotherapy does not increase the incidence of incontinence or stricture, both of which run between 5% and 15%. Meticulous 
morbidity data, compiled and reported by the University of Southern California (USC) group, compare 95 irradiated patients with 293 who were not irradiated over the 
same time period (31). Perfect continence or only mild stress incontinence was achieved in 87% of those irradiated and 88% of those not irradiated, and no urethral 
strictures were seen in either group. In a European randomized trial of 52 men undergoing radical prostatectomy alone and 48 receiving adjuvant radiation, no 
difference in continence rates were observed, with 83% and 77% totally dry, respectively ( 38).

In the USC series, adjuvant radiation therapy did reduce potency rates, with only 18% of men who underwent nerve-sparing prostatectomy and adjuvant irradiation 
retaining potency sufficient for intercourse compared to 46% of the unirradiated patients. At Washington University, adjuvant irradiation was associated with a 50% or 
higher reduction in potency (39). In an effort to moderate the impact of adjuvant irradiation on potency, the USC group has been using radiation doses lower than 
those used at the MGH (45 to 55 Gy vs. 60 to 64 Gy). Elsewhere, men who wish to remain sexually active are being offered the option of having the pump and 
reservoir components of an inflatable penile prosthesis implanted during prostatectomy.

Edema of the genitals and lower limbs was once believed to be more common with adjuvant or salvage irradiation, with reports of incidence between 0% and 21% 
(median, 9%). Edema was most common when pelvic irradiation was given to patients who had had pelvic lymphadenectomies or treatment with high radiation doses 
via cobalt machines (27,33). With awareness of these risk factors, the incidence of radiation-associated edema has been reduced to near zero in a number of reports 
(9,24,34,36). Bowel complications, usually grade 1 to 2 rectal bleeding, are also uncommon, with a reported incidence of 0% to 12% (median, 4%).

Schild et al. and Forman et al. have reported ( 39) that radiation doses greater than 65 Gy may be more effective than lower doses for tumor eradication ( 40). Although 
both of these small series reported little morbidity, the median follow-up was relatively short. Doses above 65 Gy raise increasing concerns about complications that 
may take years to develop, particularly involving the bladder.

The optimal dose for salvage irradiation of the prostatic bed is the one that maximizes tumor control with the minimum of morbidity. Outside of a protocol setting, the 
recommended dose is 64 to 66 Gy with conventional fractionation.

CANDIDATES FOR SALVAGE IRRADIATION

Among patients with a detectable PSA level after radical prostatectomy and no radiologic evidence of metastases, our experience has shown that salvage radiation 
therapy has a higher chance of success when (Fig. 37-3)

FIGURE 37-3. Schema to determine which patients with isolated late rises in serum prostate-specific antigen (PSA) after radical prostatectomy may benefit from 
salvage irradiation. Post-op, postoperative.

Initial pathology shows positive surgical margins.
Initial pathology shows no seminal vesicle invasion.
PSA level is low (less than 2 to 3 ng per mL).
PSA level begins rising more than 1 year after surgery.
Rate of rise in PSA level is slow.

Salvage radiation therapy has a lower chance of success when

Initial pathology shows seminal vesicle invasion.
Initial pathology shows organ-confined tumor.
Initial pathology shows Gleason score 8 to 10 tumor.
PSA level is high (greater than 2 to 3 ng per mL).
PSA level is persistently detectable after surgery.
Rate of rise in PSA level is rapid.

To help identify suitable candidates for salvage irradiation, ultrasound-guided biopsy of the prostatic bed or indium-111–labeled cyt-356 scintigraphy may be used. 
Negative results from this test, however, should not preclude irradiation if other criteria strongly suggest locally recurrent disease. Biopsy results may be of more 
benefit in deciding between radiation and endocrine therapy for those individuals in whom the success of salvage radiation is likely to be low.



An open study randomizing men with postoperative PSA values between 0.2 and 4.0 ng per mL to salvage radiation with or without long-term androgen deprivation 
using high-dose bicalutamide is currently being conducted by the Radiation Therapy Oncology Group (96-01). The dual aims of this trial are to obtain a valid and 
prospectively gathered measure of the efficacy of salvage radiation and to answer an important question about the value of early androgen deprivation.

AMERICAN SOCIETY FOR THERAPEUTIC RADIOLOGY AND ONCOLOGY RECOMMENDATIONS

A consensus panel convened by the American Society for Therapeutic Radiology and Oncology in 1997 examined the use of radiation therapy among men with a 
rising PSA level after radical prostatectomy. The panelists considered relevant data from four institutions that had experience (published and unpublished) in treating 
men with this presentation and also cross examined the presenters. The four institutions and presenters included MGH, Anthony L. Zietman, M.D.; Washington 
University School of Medicine, M'Liss A. Hudson, M.D.; Mayo Clinic of Scottsdale, Arizona, Steven A. Schild, M.D.; and Wayne State University, Jeffrey D. Forman, 
M.D. Follow-up in these four series ranged from a median of 2.0 years to 5.5 years. The consensus statement from the panel, published in full in the Journal of Clinical 
Oncology (39), is reproduced below:

The rate of complete biochemical remission depends on patient selection. In the data presented to the consensus panel, approximately 70% of patients had 
complete PSA remission after salvage radiation. The data were insufficient, however, to judge the durability of this remission, with actuarial biochemical 
failure-free survival rates at 5 years ranging from 27% to 45%.
Among prostatectomy patients for who pathology findings indicate a high probability of local cure, waiting for secure evidence of biochemical failure (PSA level 
rising to 0.5 mg per mL) likely does not reduce the chances of successful salvage irradiation. In fact, waiting until the PSA level begins rising affords solid 
evidence of a true relapse that requires further therapy. The panel noted that the PSA level at the time of salvage irradiation may make a difference in outcome, 
with better results occurring before a PSA threshold of 1.5 ng per mL.
The panel concluded that there are, at present, no subgroups of patients (based on preprostatectomy PSA level or pathologic findings from the prostatectomy 
specimen) for who salvage radiation therapy is clearly more or less effective.
It is justifiable to give the highest radiation dose possible that does not cause morbidity. Based on data presented at the conference, an effective dose is 64 Gy 
or slightly higher with standard fractionation (1.8 to 2.0 Gy per fraction).
To date, the impact of androgen suppression among patients with or without radiation therapy after prostatectomy is unclear, and, in this setting, it should be 
considered investigational.

CONCLUSION

When radical prostatectomy fails to cure prostate cancer, salvage radiation therapy is an option for some men. The type of patient for whom salvage radiation appears 
most promising is a man whose pathologic specimen shows positive surgical margins but no seminal vesicle invasion, PSA level begins rising more than 1 year after 
surgery and rate of rise is slow, and PSA level is below 3 ng per mL.

Logically, it seems that postprostatectomy irradiation should offer the greatest benefit if performed when the residual tumor volume is at its smallest. This means 
treating men at greatest risk for subsequent local failure as soon as possible after surgery, possibly even before the PSA level becomes detectable. The difference 
between a good prognosis and a bad one often depends on a remarkably small difference in PSA level, somewhere between 1.0 and 4.0 ng per mL. If the follow-up 
policy is casual or the patient poorly compliant, then this window of opportunity—and thus the last chance for cure—may easily be missed. Until the ultrasensitive PSA 
assay becomes widely available, a policy of early treatment may, on balance, be safest.
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INTRODUCTION

Although prostate cancer is one of the most common malignancies in Western society, it has been shown that patients with this disease are underrepresented in 
participation in clinical trials ( 1). As a result, it is difficult to make definitive evidence-based statements about several issues in clinical management, including the 
timing of treatment. It is even difficult to establish what constitutes optimal therapy for several common clinical scenarios ( 2).

The debate regarding optimal primary treatment of localized prostate cancer has been addressed in sections IV and V. It is clear that several options of appropriate 
care are available, including radical surgery, external beam irradiation (with a range of technical variations), and brachytherapy. The possibility of watchful waiting is 
also widely practiced but remains controversial. The heterogeneity of prostate cancer with respect to presentation and natural history has fueled this controversy. 
Nevertheless, the fact that it appears safe to follow some patients with prostate cancer expectantly opens for discussion the issue of timing of treatment at relapse.

DEFINITION OF PROGRESSIVE DISEASE AFTER DEFINITIVE PRIMARY TREATMENT

Although there is no complete consensus regarding the definition of progressive cancer after primary therapy, this issue has been addressed to some extent. The 
American Society for Therapeutic Radiology and Oncology has published guidelines for the identification of failure of primary radiotherapy ( 3). The American Society 
for Therapeutic Radiology and Oncology panel concluded that

Biochemical failure is not equivalent to clinical failure but does constitute an appropriate early end point for clinical trials.
Three serial increases in prostate-specific antigen (PSA) constitute an appropriate definition of biochemical failure after radiotherapy.
No specific definition of PSA failure has been proven to be a surrogate for clinical progression or survival.
The nadir of PSA is a useful prognostic determinant, although no specific nadir level has been identified that defines likely success of treatment.

Clinical practice has defined that a nadir PSA level of less than 0.1 ng per mL is an appropriate end point after radical prostatectomy ( 4), and it generally appears that 
failure to achieve that nadir level correlates with subsequent relapses ( 5). There is no standard approach to follow-up after radical surgery. However, a recent survey 
of members of the American Urological Association revealed a wide spectrum of clinical practice but a general consensus that follow-up should consist of digital rectal 
examination, urinalysis, and PSA measurement three to four times in the first year, with reducing frequency in subsequent years ( 6). This is an interesting pattern in 
view of the previously documented lack of accuracy and reproducibility of digital rectal examination for prostate cancer in untreated patients ( 7). However, the true 
use of digital rectal examination after prostatectomy has not been studied in a structured fashion. In this survey, most urologists did not report the frequent use of 
more complex blood tests or imaging studies in the routine follow-up of their patients. Prior studies had confirmed a very limited role for routine radionuclide bone 
scintigraphy for surveillance after prostatectomy unless the PSA level is more than 30 to 40 ng per mL ( 8).

Although there are no specific guidelines that define failure of surgery, our usual practice is to define three serially rising, detectable levels of PSA as indicative of 
residual or reactivated prostate cancer. There has been some controversy as to whether the rate of rise of PSA at the time of relapse after radical prostatectomy 
actually predicts the time of onset of clinical relapse ( 9,10). To date, studies that have assessed the use of perioperative sampling of circulating tumor cells via 
reverse transcriptase-polymerase chain reaction have not shown useful correlations with outcome, although the follow-up has been relatively short ( 11).

Analogous to the situation after radical radiotherapy, there is no consensus regarding the optimal timing of “salvage” treatment in this context ( Table 38-1). However, 
many patients who have been attuned to meticulous PSA surveillance before and after prostatectomy find it unacceptable merely to watch and wait, believing that 
they are losing a chance for potential cure. If one believes that cure is still possible after failure of primary treatment, then this is a reasonable approach. However, 
given the relatively disappointing long-term results of salvage radiotherapy after failure of surgery or of the approaches to failed primary radiotherapy ( 12), this may 
not be a very realistic view.

TABLE 38-1. FACTORS IN DECISION ON EARLY TREATMENT OF ASYMPTOMATIC RISING PROSTATE-SPECIFIC ANTIGEN (PSA)

ASSESSMENT OF THE PATIENT WITH RISING PROSTATE-SPECIFIC ANTIGEN AFTER DEFINITIVE LOCAL THERAPY

There are three dominant clinical patterns of relapse after local therapy: (a) locoregional relapse in the prostatic bed and adjacent tissues, (b) systemic failure, and (c) 
synchronous failure at both local and distant sites. In general, a relatively standard approach can be used for the assessment of patients with a rising PSA after local 
therapy irrespective of the modality that has been used initially. Although case selection bias often leads to patients with less extensive prostate cancer being 
selected for radical prostatectomy, the patterns of local relapse after surgery or radiotherapy can be approached in similar fashion. Clinical examination for evidence 
of local recurrence and distant spread is usually accompanied by biochemical assessment of circulating levels of PSA, serum alkaline phosphatase ( 13) and renal 
function, and measurement of hematologic indices for evidence of bone marrow involvement or anemia. Transrectal ultrasonography and biopsy may define the 
presence of local relapse (14) and may indicate the grade of the tumor, although sampling error can yield artifacts of interpretation. Of importance, a negative biopsy 



does not rule out the possibility of local recurrence, and we usually regard persistently rising serum PSA as an indicator of relapse, notwithstanding an inability to 
identify the actual site of recurrence. We do not usually perform a biopsy of the prostatic bed unless further local therapy is planned. D'Amico and Hanks have 
illustrated that the PSA doubling time is a relatively reliable predictor for the onset of clinical symptoms after failure of local therapy ( 15). We generally apply this 
concept regarding a sudden and dramatic change in the rate of rise of PSA as a relative indication to commence therapy.

Radionuclide bone scanning is often used to screen for bone metastases ( 16), although the yield for this test is relatively low in the asymptomatic patient, especially if 
the serum alkaline phosphatase is normal and the PSA is less than 5 ng per mL ( 17). In one series, bone scans were uniformly negative in patients who relapsed after 
radical prostatectomy in whom PSA levels were less than 40 ng per mL (18). In some programs, chest radiography and computed tomography scanning of the 
abdomen and pelvis are routinely used but are usually normal, unless the PSA is significantly elevated (i.e., unless neuroendocrine elements dominate the pattern of 
relapse). More recently, investigative protocols have suggested that the site of relapse may be identified by radionuclide scanning with radiolabeled antibodies 
against prostate-specific membrane antigen, the so-called ProstaScint scan ( 19) or by positron emission tomography scanning.

Similar considerations obtain in the patient with a rising PSA after radiotherapy, and, in general, the approach to restaging is similar. After radical radiotherapy, 
clinical assessment of the prostatic bed may be more difficult because of the posttreatment induration. Although transrectal ultrasound can identify a local mass, it is 
somewhat unreliable in distinguishing between postradiation scarring and local recurrence. In this situation biopsy may be helpful, although the biopsy after 
radiotherapy is often characterized by extensive fibrosis making interpretation more difficult.

If local relapse is identified after radiotherapy, then salvage prostatectomy may have a role in achieving cure, although the procedure has significant morbidity ( 12), as 
discussed elsewhere in this volume ( Chapter 36). Conversely, salvage radiotherapy may achieve cure in up to 50% of cases after failure of radical prostatectomy 
(20,21). As a rising PSA after definitive local therapy is frequently a harbinger of systemic relapse, the current discussion is focused predominantly on options of 
systemic treatment for this problem.

TIMING AND IMPACT OF SYSTEMIC TREATMENT FOR LOCALIZED AND METASTATIC DISEASE: IS THIS A SURROGATE FOR 
TREATING EARLY RELAPSING DISEASE?

Studies of the Veterans Administration Cooperative Urological Research Group

The value of early systemic intervention for prostate cancer remains highly controversial. The early studies of the Veterans Administration Cooperative Urological 
Research Group (VACURG) were carried out before the availability of PSA as a surrogate of response and before the use of bone and computed tomography scans 
and other sophisticated staging techniques ( 22). Nevertheless, for patients with raised circulating levels of prostatic acid phosphatase or with radiologic or biopsy 
evidence of metastases, the VACURG conducted a trial (study 1) in which patients were randomly allocated to treatment by placebo, estrogens, orchiectomy plus 
placebo, or orchiectomy plus estrogens. In their initial report in 1967 with follow-up until 5 years, these investigators noted a slightly lower survival in the group treated 
with placebo, although this result did not achieve statistical significance. It is possible that the lack of a statistically significant difference was due to the relatively 
small number of cases treated, as each of the arms had only approximately 200 cases entered. With further follow-up to a maximum of 9 years, it became clear that 
the cancer-related outcomes were somewhat obscured by the proportion of cardiovascular deaths among patients treated with estrogens ( 23). If one considers only 
deaths from cancer, then a higher proportion of cancer-related deaths was found in the placebo-treated group, although the absolute differences were still relatively 
small. Of course, this can only be a hypothesis-generating approach, as retrospective subset analysis is flawed by a substantial potential to introduce bias.

The significance of the VACURG studies was furthermore obscured by the fact that investigators were allowed to change treatment—thus, if a patient progressed on 
placebo therapy, he could be treated with estrogens. It is therefore possible that some of the outcomes actually reflected the comparison of early versus late hormonal 
therapy rather than representing a true comparison of placebo versus hormone treatment. When reviewing the late results of their studies with follow-up until 12 
years, Byar and Corle noted that the impact of cardiovascular deaths was less in patients with stage III–IV disease. However, this analysis did not make available the 
crude data or survival curves for patients with stage III–IV disease in each of the treatment subgroups ( 24).

In VACURG study 2, which compared placebo against three doses of estrogen, the lowest death rate from cancer among patients with stage N disease was found in 
the group treated with 5 mg diethylstilbestrol daily, although this group also had the highest cardiovascular mortality rate ( 23). With the increased availability of 
predicting morbidity from estrogen therapy as well as the potential to overcome such problems via prophylactic anticoagulation, the use of systemic estrogen therapy 
is being reevaluated and may even find a role in adjuvant treatment protocols.

Trials of the British Medical Research Council

More recently, the British Medical Research Council has reported the results of an important clinical trial assessing the timing of hormone therapy for advanced 
prostate cancer. In this study, patients with locally advanced and metastatic prostate cancer were randomly allocated to systemic hormonal therapy at the time of 
presentation or to a policy of observation with hormonal therapy at the time of onset of symptoms ( 25). A total of 938 patients was recruited, with follow-up information 
available on 934. Fifty-one patients on the delayed therapy arm died of causes other than cancer before the need to start treatment for cancer and thus were not 
subjected unnecessarily to the side effects of castration. Most of these patients were older than 70 years of age. A greater number of deaths and complications from 
cancer occurred in the deferred therapy group. Thus, at first reading, this study supports the early introduction of hormonal therapy—the actuarial cancer-specific 
survival for the group classified as nonmetastatic, treated early, was approximately 35% at 10 years, compared to approximately 20% for those in the delayed therapy 
group (survival estimates from published curves). However, overall survival curves for the two groups showed only a small difference owing to the proportion of cases 
who died of intercurrent disease before relapse (and thus before the initiation of hormonal therapy).

However, closer review raises important issues that could have an impact on the use of these data as a model for early intervention after relapse of primary therapy 
(3). The study was conducted in the United Kingdom, in which there is considerable rationing of health care resources. Even in the published paper, it was noted that 
some patients did not have access to radionuclide bone scans for the staging procedure. In the United Kingdom, access to health care is frequently delayed in the 
National Health System. This is particularly important, as the follow-up protocol for this trial was not symmetric for both treatment groups but rather was at the 
discretion of the investigators. Thus, there was a selection bias against the delayed group wherein these patients could have experienced delayed therapy for 
metastatic disease as a consequence of the random follow-up schedule and potential associated delays from the health system.

Also germane are data from a British Medical Research Council study that compared radiotherapy and orchiectomy alone and combined therapy for previously 
untreated patients with T2-T4 NxMo prostate cancer ( 26). In this study, 277 patients were randomly allocated to receive treatment between 1980 and 1985. Patients 
underwent staging tests that included a chest radiography and radionuclide bone scan, but lymph node staging was not required. Patients were excluded if prostatic 
acid phosphatase level was elevated but PSA was not measured. Once again, the incidence of metastases was higher in the group of patients treated with 
radiotherapy alone, but there was no statistically significant difference in survival between the groups. At first reading, this would imply no benefit for early hormonal 
therapy. However, it is emphasized that there were only approximately 90 cases in each group, severely limiting the power of the study to detect small but important 
differences. Of interest, although not statistically significant, the observed/expected death rate in the radiotherapy treated group was 1.19, compared to 0.94 for 
orchiectomy alone and 0.90 for combined therapy, although the median survival figures were all clustered at approximately 4 years. By contrast, there appeared to be 
an absolute deficit of survival of approximately 10% at 7 years for patients treated with radiotherapy alone, although this was not statistically significant. One 
potentially crucial flaw in the design of this important trial was the lack of standardization of radiotherapy dose and fractionation—this was left to the discretion of 
individual clinicians, and the publication did not even specify the range of dose and fractionation from the clinicians at 23 treatment centers. Given the clear evidence 
that radiation doses of less than 70 Gy yield substantially inferior local control and survival for stages T1 through T2 disease, it is possible that this could have 
influenced the worse results in this trial of therapy for stage T3 disease.

Scandinavian Urological Collaborative Group

Similar data were reported by a Scandinavian collaborative group that assessed the role of early hormonal therapy versus observation and salvage hormones for 
patients with previously untreated, localized prostate cancer ( 27). In this study, 285 men were randomized to receive estrogens, estramustine phosphate, or 
surveillance followed by endocrine therapy at progression. Because of a high cardiovascular complication rate, the trial was altered after 5 years to reduce the dose of 
estrogens. Similarly to many trials of that time, insufficient patients were entered to allow definitive statements to be made for each trial subgroup. Nevertheless, a 
trend in favor of early hormonal therapy was noted with respect to the probability of developing metastases and death from prostate cancer. Analogous to the 
VACURG study, the impact of protection on death from prostate cancer was substantially reduced by the prevalence of deaths from cardiovascular disease in the 



early treatment groups, and the overall conclusion was that there was no significant saving of life from the early introduction of hormone therapy.

National Prostatic Cancer Project

The National Prostatic Cancer Project has also addressed the role of systemic treatment for localized prostate cancer but with an emphasis on early use of cytotoxics 
rather than hormonal therapy (28). In these trials, patients underwent open bilateral pelvic lymph node dissection followed by radical prostatectomy or cryosurgery 
(protocol 900) or radiotherapy (protocol 1000). Patients were then randomized to receive adjuvant cyclophosphamide, estramustine, or observation. With an average 
follow-up of 11 years (range, 7 to 14 years), these studies showed prolonged disease-free survival from adjuvant estramustine therapy for patients treated by 
radiotherapy but with a less clear impact in the surgically treated groups. It appears that there was no significant impact on overall survival. A subsequent report in a 
non–peer-reviewed publication provided follow-up at a mean of 14.3 years (range, 11 to 18 years), confirmed the previous findings, and emphasized that the greatest 
impact on progression-free survival was found in lymph-node–positive cases ( 29).

Systemic Hormones for Locally Extensive Disease: Is There a Survival Benefit?

The primary management of locally extensive prostate cancer (stage C or T3) is predicated on biologic considerations that are similar to those that obtain for the first 
locoregional relapse after primary therapy. The tumors share characteristics of increased robustness, decreased differentiation, aneuploidy, and an increased 
propensity for occult metastasis.

For patients with more extensive nonmetastatic prostate cancer, there appears to be a general consensus that systemic hormonal therapy adds to the impact of 
radiotherapy (30,31 and 32), although the issue of survival benefit is not yet resolved. Bolla et al. ( 30) have reported that prolonged adjunctive therapy with hormones 
confers a survival benefit, whereas the study reported in manuscript form by the Radiation Therapy and Oncology Group (RTOG) has shown only a disease-free 
survival benefit thus far (31). However, at the Annual Scientific Meeting of the American Society of Clinical Oncology in May 2000, the RTOG updated their data to 
show an overall survival benefit from combined therapy for some categories of prostate cancer, although this analysis is flawed owing to its emphasis on retrospective 
subsets (33). A similar survival benefit from the combination of systemic hormonal therapy and prostatectomy has not yet been demonstrated in any study ( 34,35), 
despite evidence of downstaging after neoadjuvant hormonal therapy ( 36,37 and 38). This difference may be explained by the differences in the duration of hormonal 
therapy, as the majority of studies involving combined radiotherapy and hormones has used longer schedules of hormone suppression. Nevertheless, it also suggests 
that early systemic treatment is not a panacea for early prostate cancer.

These issues are of importance, as they provide some of the surrogate information regarding timing of treatment. In the absence of specific data from relevant clinical 
trials of salvage treatment after failure of local treatment (radiotherapy and prostatectomy), some information can also be gained from studies assessing the use of 
early systemic therapy in other contexts.

WHAT ARE THE IMPLICATIONS FOR MANAGEMENT OF RELAPSING PROSTATE CANCER AFTER LOCAL THERAPY?

The critical issue in deciding on when to start treatment for the patient with asymptomatic rising PSA is to define whether the proposed intervention will improve 
overall survival or quality of life. It makes intuitive sense that early therapy is likely to impact on disease-free survival. This can certainly contribute to improved quality 
of life, provided that the side effects of therapy do not counterbalance this benefit. For example, it is difficult to balance the respective weighting of reduced anxiety 
due to a falling PSA level versus increased anxiety regarding impaired sexuality due to hormonal therapy.

The synthesis of the data presented previously is highly complex and reflects the heterogeneity of patient populations, trial design, and relatively short follow-up of 
these trials in many instances. No randomized trial data are available to allow dissection of the impact of case selection bias and lead-time bias in evaluating the 
nonrandomized trials in the literature. Case selection bias may occur owing to the nature of the patient and tumor involved in trials of early intervention—for example, 
the better-educated, more health conscious patient responding quickly to a rising PSA. Lead-time bias can occur in the following way: The identification of rising PSA 
allows the documentation of relapsing occult disease followed by early treatment but without actually lengthening absolute life expectancy (compared to the course of 
events if treatment had been withheld until symptoms had identified the recurrence).

On balance, genuine equipoise still exists, and there is no simple answer to resolve questions regarding the timing and necessity of treatment for asymptomatic rising 
PSA. The trials reported earlier clearly do not provide a consistent set of data regarding the use of early hormonal intervention or other systemic therapy. It is clear 
that early hormonal therapy is associated with earlier onset of symptoms and toxicity; the potential for development of late complications, such as osteoporosis; and 
prolongation of disease-free interval. What is not clear is whether early systemic therapy (with hormones or cytotoxics) actually confers an overall survival benefit. At 
present, it seems most likely that early intervention does not improve overall survival provided that a patient is under scrutiny, with assessment of evolving tumor 
progression and the potential complications of that process.

FUTURE TRIALS

The pattern of relapse after local therapy is predictable, based on a series of prognostic factors, such as advanced T stage, high grade, and PSA (see Chapter 
16,Chapter 17,Chapter 18,Chapter 19 and Chapter 20). Using these prognostic factors to identify high-risk cases, many of the cooperative cancer trial groups have 
designed trials that will help to resolve some of the uncertainties about optimal management of this problem. For example, the RTOG is currently assessing the use of 
bicalutamide (Casodex) when added to salvage radiotherapy for patients with rising PSA after failure of surgery for stage T3 prostate cancer (RTOG protocol 96-01). 
This group is also preparing studies focused on adjuvant treatment for patients at high risk of relapse. The National Cancer Institute of Canada and the Southwest 
Oncology Group are studying the use of intermittent androgen blockade in patients with rising PSA after definitive local radiotherapy (protocol JPR-7). Similarly, these 
groups are designing trials that will incorporate chemotherapy or bisphosphonates, or both, for the adjuvant treatment of patients after definitive therapy of high-risk 
disease.
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INTRODUCTION

Metastatic prostate cancer is incurable by any therapeutic modality available at the present time; the clinical course is characteristically progressive and eventually 
fatal. Androgen deprivation treatment (ADT) remains the mainstay for the treatment of patients with metastatic disease. Extensive data derived from prospective trials 
have shown that the median survival of cohorts of patients with hormone-naïve metastatic disease has remained relatively stable from 1950 to 2000 ( 1,2,3 and 4). 
Although ADT results in major therapeutic benefits in approximately 80% of patients with metastasis, virtually all patients develop hormone refractory disease for 
which no treatment has shown to improve survival (5,6).

The purpose of this chapter is to describe and critically discuss the currently known prognostic factors for response and survival in hormone-naïve metastatic prostate 
cancer (TxNxM1). Data derived from prospectively randomized clinical trials have shown a marked heterogeneity in the outcome of these patients. A number of 
important disease and host-related factors have been shown to profoundly influence the outcome of patients with metastatic disease ( 7,8 and 9). Adequate 
characterization of such factors is critical for the design and interpretation of results of clinical trials and allows clinicians to plan their therapeutic approach based on 
a careful estimate of outcome in individual patients.

During the past several years, widespread clinical use of the prostate-specific antigen (PSA) test has provided the opportunity to identify evidence of disease activity 
before the development of overt clinical and radiologic signs and symptoms of metastasis. This resulted in a significant increase in the proportion of patients 
presenting with early stages of disease and at the same time a progressive reduction in the incidence of cases with newly diagnosed stage D2 disease (stage 
migration) (10). Similarly, treatment patterns have changed during the last decade as a result of PSA-based decisions for implementation of therapeutic interventions. 
Patients who demonstrate a rising serum PSA level as the only manifestation of disease activity are often initiated on ADT. This increasingly common treatment 
practice, although of unproven long-term benefit, has further contributed to a sharp decrease in the proportion of patients presenting with newly diagnosed stage D2 
disease.

Several traditional clinical and laboratory parameters have been evaluated with regard to their prognostic role in patients with metastatic disease 
(11,12,13,14,15,16,17,18,19,20,21,22,23 and 24). In view of the changes in treatment practices, some of the traditional prognostic factors, such as performance status 
(PS), weight loss, and bone pain, are less commonly seen in current populations of hormone-naïve patients in whom ADT is instituted. A new set of prognostic clinical 
and especially laboratory factors, such as various measurements of serum PSA (e.g., different definitions of PSA velocity), other potential markers in the blood, as 
well as several tumor- and host-related molecular and biologic determinants, are likely to substitute for the more traditional clinical factors in the future.

The reports included in this review are based on the experience reported in patients enrolled in studies conducted over the past few decades 
(11,12,13,14,15,16,17,18,19,20,21,22,23 and 24). It is important to note that the studies illustrated herein used a whole spectrum of hormonal interventions that could 
explain some of the different findings in outcome reported with the same parameters. Methods of analysis also varied. A substantial amount of data is derived from 
prospectively analyzed data of large-scale randomized studies, but many reports represent a retrospective evaluation of uncontrolled data using multivariate 
analyses. With the previously mentioned caveats, the reader will be able to assess the wealth of information accumulated on prognostic factors in patients with 
metastatic disease over the years that undoubtedly remains clinically useful ( Table 39-1).

TABLE 39-1. PROGNOSTIC FACTORS

CLINICAL END POINTS: CONTEMPORARY ISSUES

Target End Points Response, Progression, and Survival

The most commonly targeted end point in prognostic factor analyses is overall survival or cancer-specific survival. Indeed, the majority of the reports in this review 
evaluated various clinical and laboratory factors as predictors of survival. Other less frequently used end points include response to treatment, duration of response or 
progression-free survival, or both. In prostate cancer, it is recognized that the assessment of response and progression in patients with metastatic disease is usually 
confounded by the well-known inherent difficulties to reliably quantify the status of disease in bone ( 25). Various reports correlated a variety of candidate prognostic 



factors with response-dependent end points, such as progression-free survival and duration of response, which are particularly troublesome in this disease for the 
reasons indicated earlier. Furthermore, even in other tumor types, in which assessments of response in measurable metastatic sites can be more reliably performed, 
the correlation between response and survival has not been conclusively established. With this in mind, the reader should recognize that no single definition of 
response has been adequately validated as a surrogate for survival, and, although the benefits derived from response to treatment are of clinical significance, it 
should be considered as a separate entity.

During the past several years, PSA changes have been commonly used as the main indicator of response to hormonal therapy in prostate cancer ( 26,27,28,29 and 
30). The majority of the patients with hormone-naïve metastatic disease frequently demonstrate a dramatic decline in serum PSA after adequate gonadal ablation. As 
has been shown in recent studies, approximately 75% of patients with distant metastasis will demonstrate declines below 4 ng per mL ( 4). Exploratory retrospective 
analyses conducted by various investigators independently suggested that a variety of measurements of PSA declines of different durations and at various time points 
after ADT could predict for the magnitude of progression-free and overall survival. However, the correlation between PSA response and survival has not been 
conclusively validated in prospective randomized clinical trials (see later). The use of serum PSA in contemporary clinical trials has also affected the definition and 
timing of disease progression. Several studies in this review used non–PSA-driven criteria to define disease progression, and this should be differentiated from 
measurements relying on PSA-driven criteria. Data derived from current prospective trials involving ADT indicate that PSA relapses are observed almost invariably 
several months before other evidence of disease progression, such as new bone, soft tissue and/or visceral disease, or new symptoms ( 50).

TUMOR-RELATED PROGNOSTIC FACTORS

Tumor Stage

Tumor stage (clinical T category) at the start of the hormonal treatment was reported as an independent predictor of survival by three authors ( 12,13 and 14), whereas 
several others failed to demonstrate this relationship ( 17,18,19,20 and 21). All three studies indicating a positive relationship between T stage and survival were 
conducted before the availability of PSA, when a much larger proportion of patients had evidence of metastatic disease at the time of initial diagnosis. Proportions 
ranging from 60% to 75% of these patients were reported to present with T3-size lesions or higher, and most had no prior treatment given to their primary tumors. This 
is contrary to what is observed in contemporary series, in which most patients with prostate cancer present with evidence of localized or regional disease ( 10) and 
receive some type of local treatment that prevents adequate assessment of the prognostic role of local T stage when metastatic disease becomes evident.

Tumor Grade and Related Markers

The histologic grade tumors were investigated by numerous groups ( 9,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27 and 28). The method of grading varied among 
the various reports; some used the original World Health Organization (WHO) system with three levels of differentiation, and more recent reports used primarily the 
Gleason grading system. Eight different reports, including a recent analysis of a large prospectively randomized study (European Organization for Research and 
Treatment of Cancer 30843), indicated that tumor grade is an independent prognostic factor ( 12,14,18,19,20 and 21,24,28,29). Interestingly, all these studies used the 
WHO grading system. One group actually compared the two grading systems and concluded that the WHO criteria were superior to the Gleason scoring system in 
predicting survival outcome in patients with metastatic disease ( 19). The data on histologic grading have not been reported in several of the largest contemporary 
studies, including the two large National Cancer Institute (NCI)–sponsored studies investigating the effects of complete androgen blockade (intergroup trials 0036 and 
0105) (4,11).

Contrary to the compelling findings in early stages of prostate cancer, several studies reported no significant correlation between histologic grading and survival 
outcome in patients with metastatic disease (13,14,15,16 and 17,20). The explanation for this relatively unexpected finding and the difference in the results between 
studies in metastatic disease is unclear. It should be noted, however, that the only source of tissue available on these patients was the biopsy of the primary tumor or 
prostatectomy specimens many times obtained several years before the actual studies, which may not correspond to the grading of the metastatic disease. This is 
furthermore supported by the findings by Pound et al. ( 9) in their study on the natural history of patients with evidence of biochemical relapses after radical 
prostatectomy, indicating that the Gleason score of the primary tumors did not accurately predict the outcome of patients who subsequently demonstrated evidence of 
bone metastasis. It is well known that tumors often demonstrate changes in differentiation from their original pattern to higher grades at the time of progression. This 
may also explain the lack of relationship between the original grading pattern with the survival outcome of patients with metastatic disease measured from the time of 
development of metastasis.

Several investigators reported that various cellular and molecular markers, commonly used as outcome predictors in localized prostate cancer, might be useful in 
metastatic disease. Various prognostic factors in this group include DNA ploidy ( 29), chromatin texture by image analysis (18), expression of the adhesion molecules 
sialyl Lewis (x) (18), c-erbB-2 expression (31), tissue expression of PSA (32) or tissue prostatic acid phosphatase (PAP) (21), and androgen receptor content (33).

Uncommon histologic variants of prostate cancer, such as the presence of small cell carcinoma, and poorly differentiated tumors expressing neuroendocrine markers 
are believed to respond poorly to ADT, behave more aggressively, and are usually associated with poor prognosis ( 34,35).

EXTENT OF METASTATIC DISEASE

Minimal versus Extensive Disease

The prognostic significance of extent of disease (EOD) is well documented in prostate cancer ( 11). Two different methods of evaluating the EOD have been described 
in the literature. The NCI 0036 ( 11) and 0105 (4) trials (monotherapy vs. combined androgen blockade) stratified patients using a qualitative method based on bone 
and soft tissue involvement. Minimal disease is defined as axial skeleton involvement (pelvis and spine) or soft tissue nodal involvement, or both, whereas the 
extensive disease subset includes patients with appendicular skeleton (extremities, skull, ribs) or visceral involvement, or both. The distribution of disease sites has 
shown a relatively good correlation with the definition of EOD used. The vast majority of patients with extensive disease (more than 80%) demonstrated evidence of 
pelvic and axial skeleton involvement. The prognostic significance of EOD by this method was demonstrated in a retrospective analysis of the results of trial 0036 
(11). Indeed, EOD was seen to be a significant predictor for survival in univariate analysis, was strongly associated with other important prognostic parameters, and, 
along with other prognostic factors, such as anemia, anorexia, weight loss, and bone pain, was among the significant factors on multivariate analyses (Cox hazard 
model) (11).

Other trials in stage D2 patients used a definition of EOD based on the number of positive areas on bone scan ( 12,36). Subgroups were empirically developed based 
on the number of metastatic lesions reported on bone scans. This semiquantitative method was retrospectively validated in the context of several trials with ADT, in 
which the necessary baseline bone scan information was available for adequate analysis ( 17,19,22,23,31).

HOST DISEASE INTERACTION

PS is one of the strongest predictors of outcome in metastatic prostate cancer ( 8,12,15,22,38). Some reports indicated that PS is significant in univariate but not in 
multivariate analysis, probably because this parameter is closely related to other established prognostic factors ( 18,25,37).

A variety of host factors have been shown to predict for survival outcome in studies conducted several years ago ( 11). It is important to recognize that currently, the 
impact of some of these factors is relatively minor primarily owing to patient selection. Among other significant parameters are anemia ( 12,17,20,38), pain (8,12,16), 
and the presence of co-morbidity (11,13). Age at diagnosis was widely investigated and was found by three authors to be an independent prognostic factor, using 
multivariate analysis (14,20,21). In these studies, younger patients usually present with a variety of other unfavorable findings, and it is generally agreed that the 
death hazard ratio in patients with ages far below the median of the population evaluated is indeed significantly increased. Age at diagnosis was widely investigated 
and was found by three authors to be an independent prognostic factor, using multivariate analysis ( 16,22,23). In these studies, younger age was associated with 
worse prognosis findings, and it is generally agreed that the death hazard ratio in patients with ages far below the median of the population evaluated is indeed 
significantly increased.

PRETREATMENT SERUM MARKERS



Serum Prostate-Specific Antigen

The significance of the pretreatment PSA value has been extensively evaluated as a prognostic factor in all stages of prostate cancer. Although in clinically localized 
prostate cancer there is clear correlation between PSA levels, volume and probability of organ-confined disease, and, consequently, outcome, this relationship in 
patients with metastatic disease is much less well defined. Cooper et al. ( 39a) found that pretreatment PSA was related to survival in a preliminary report on 60 
patients enrolled in a large clinical trial. A “cutoff” level of 300 ng per mL discriminated between poor- and better-risk groups. Matzkin et al. ( 30), using a variety of 
hormonal interventions including single agent antiandrogen, reported that the baseline PSA level was predictive of time to disease progression in 57 patients with 
stage D2 disease. A similar correlation with overall survival was demonstrated in 789 patients of the Southwest Oncology Group (SWOG) 0105 trial ( 50). However, we 
identified several published reports in which pretreatment PSA was not an independent prognostic factor ( 9,13,20,22,32,45). Also, it should be noted that the 
proportion of patients currently presenting with very high PSA levels (i.e., greater than 300 ng per mL) is relatively small; therefore, the importance of pretreatment 
total PSA needs to be further evaluated.

Different measurements of PSA and other prostatic antigens are currently under intensive investigation ( 41,42). These include free PSA, complexed PSA, free/total 
PSA ratio, prostate-specific membrane antigen, and kallikrein 2. Little is known about the prognostic role of these markers in metastatic disease. Bjork et al. ( 46) 
recently reported their experience with the free/total PSA ratio in 66 patients with various stages of the disease, of whom 48 received hormonal therapy. Using 
multivariate analysis, the authors found that the free/total PSA ratio was a significant prognostic factor for survival.

Various methods of posttreatment changes of PSA, such as the time to PSA recurrence after local therapy, PSA velocity, or doubling time, have been reported to 
predict for the probability of development of metastatic disease after local treatment ( 47,48). However, Pound et al. (9) recently reported that neither the PSA doubling 
time nor time of biochemical recurrence has significant correlation with survival in patients with established metastatic disease.

Prostatic Acid Phosphatase

PAP is currently considered less sensitive than serum PSA as a marker for the detection and follow-up of prostate cancer. Two separate groups reported a statistically 
significant correlation between pretreatment PAP and prognosis ( 17,19). The majority of reports, however, failed to confirm these findings ( 13,14 and 15,18,22,30), nor 
did they appear to enhance the prognostic role of PSA.

Alkaline Phosphatase

Based on its association with bone metastasis, numerous groups investigated the role of pretreatment alkaline phosphatase (ALP) and survival. Most investigators 
reported that pretreatment ALP was at least as significant as extent of bone disease, pain or PS, and other serum markers in predicting the prognosis of stage D2 
patients (8,11,12 and 13,15,17,18,31,43).

OTHER LABORATORY PARAMETERS

Serum Testosterone

Wilson et al. (20) showed that low testosterone levels before the initiation of medical or surgical castration were associated with a worse prognosis. This observation 
was confirmed by other investigators (8,22,23,43). A plausible explanation for this observation is that tumors that already survived and progressed in relatively 
androgen-deficient environments respond less favorably to androgen withdrawal therapy. Interestingly, one group reported that patients with normal pretreatment 
testosterone had better prognosis (p >.01) than patients with high testosterone levels (17).

Miscellaneous Laboratory Parameters

A multitude of laboratory parameters were evaluated as possible prognostic factors before hormonal therapy in patients with metastatic disease. These include serum 
creatinine, lactic dehydrogenase, liver function tests, fibrinogen, and erythrocyte sedimentation rate. Only the latter has been consistently reported as a strong 
predictive factor. Increased risk was observed with erythrocyte sedimentation rates greater than 20 mm ( 14,18).

Posttreatment Prostate-Specific Antigen Response

Sequential serum PSA determinations constitute routine clinical practice in patients undergoing systemic treatments for prostate cancer. It is routinely used to assess 
the effects of treatment in this disease. In patients with symptomatic metastatic disease, ADT results in major benefits in up to 80% of patients ( 5). In the more 
common asymptomatic patient, serum PSA determinations usually represent the only measure for evaluation of response to ADT during the initial phase of treatment. 
Evidence of improvement in bone scans is usually a slow process, and measurable disease is uncommon. The majority of the patients with hormone-naïve metastatic 
prostate cancer demonstrates a PSA decline with appropriate gonadal ablation ( 4,39).

Cooper et al. (39a) reported that PSA declines to less than or equal to 10 ng per mL at 3 to 6 months of treatment combined with EOD were highly predictive for time 
to progression. Various authors evaluated PSA declines to £4 ng per mL at various time points after the institution of ADT, such as 2 ( 45), 3 (26,27), 3 to 6 (24), or 6 
months (31,42,44), all of which showed a strong predictive role for time to progression and survival using multivariate analysis. Various investigators reported that a 
PSA nadir below 4 ng per mL at any time after treatment was a significant, favorable prognostic indicator ( 30,50), using multivariate analyses. Indeed, Eisenberger et 
al. (50) reported that the posttreatment PSA nadir below 4 ng per mL represented the most powerful predictor for time to disease progression and survival in a 
preliminary analysis of the initial 232 patients enrolled in a prospective trial comparing surgical castration with or without flutamide, conducted by the SWOG and 
Eastern Cooperative Oncology Group. In fact, using multivariate analysis, the posttreatment PSA decline was the most significant among various other prognostic 
factors, including pretreatment EOD (minimal vs. extensive) and PS ( 11,50). However, the final results of the study demonstrated that despite a significant difference 
observed in the proportion of patients with PSA normalization on the flutamide arm, the figures of progression-free and overall survival were not significantly different 
between arms. This critical observation underscores the preliminary nature of retrospective multivariate analyses and stresses the importance of proper validation in 
prospective trials. At this time, although the hypothesis of PSA surrogacy for survival remains a reasonable one, the precise changes, including the optimal nadir and 
possibly duration of PSA decline, that reflect the required target for clinical trials remain undefined. The relationship between the various changes in PSA and other, 
more traditional end points (progression-free and overall survival) needs to be carefully defined in prospective randomized trials (surrogacy test).

Arai et al. (42) made the initial observation that a PSA decline of at least 80% after 1 month of treatment predicts longer time to progression (more than 2 years). 
Similarly, two other groups reported that a 90% decrease in 2, 3, and 6 months was predictive of progression-free survival ( 30) or survival (43). Recently, Palmberg et 
al. (28) performed a multivariate analysis on PSA at 12 months from the commencement of hormonal therapy. The authors combined the rate and absolute level of 
PSA decline and defined various groups of patients with regard to their outcome. On one side of the spectrum was a good-risk group, in which patients had an 
undetectable PSA, and on the other side there was a poor-risk group, in which patients had a PSA decline of less than 50%. This report also emphasizes the 
importance of duration of PSA response.

Other markers have been assessed as prognostic factors after ADT. Matzkin et al. ( 30) found that posttreatment PAP has a similar predictive value as PSA. Pelger et 
al. (49) reported that a “flare” (increase) in ALP activity at 1 month was an independent predictor for progression-free survival.

MATHEMATIC MODELS

This approach for evaluating the risk of individual patients gained more popularity in early-stage prostate cancer before or after local treatment. In metastatic disease, 
only one group of investigators recently reported on the developing of a mathematic model for risk evaluation. Based on two European Organization for Research and 
Treatment of Cancer trials, 30843 and 30853 (monotherapy vs. combined androgen blockade), Sylvester et al. ( 12) performed a multivariate analysis and identified 
three independent factors in 30843 (grade, PS, and ALP) and four independent factors in 30853 (hemoglobin, ALP, pain, and T stage). In their formula, every factor 
received a numeric value, and a total score was calculated for each patient. Using this model, patients with higher or lower scores demonstrated a median survival of 
1.75 and 3.50 years, respectively. Furthermore, evaluation of this model requires adequate validation in prospective randomized trials.



AFRICAN-AMERICAN MEN

African-American men have the highest incidence of prostate cancer and a higher than average mortality (128% higher than white men) ( 59). The influence of race in 
the outcome of prostate cancer is a subject of major controversy. Some studies have suggested a similar survival outcome in patients with advanced disease when 
issues such as patient numbers and type of treatment practices are controlled for ( 60,61). The analysis of the NCI intergroup 0105 suggests that ethnicity was an 
independent prognostic factor for survival ( 62). Interestingly, ethnicity also increased the hazard ratio in baseline QOL parameters in that same study. The influence of 
ethnicity in the outcome of prostate cancer remains controversial; however, evolving experience indicates that intrinsic, unique biologic characteristics of the disease 
can be race related (63,64,65 and 66), and these may support the hypothesis of ethnical differences in the outcome of prostate cancer. However, the influence of 
diagnosis and treatment remains an open question.

FUTURE DIRECTIONS

There are several factors that require careful prospective assessments; among these are various histopathologic and molecular markers in the primary biopsy or 
prostatectomy specimens or preferably obtained from secondary biopsy at the time of disease progression. Few studies have reported their findings, and some are 
illustrated in Table 39-1. Such markers were evaluated for prediction of PSA recurrence and survival after local therapy for early-stage prostate cancer. Tissue 
markers include p53 mutation, bcl-2 expression, and expression of Ki-67, p27, apoptotic index, microvessel density, and various growth factors, including the vascular 
endothelial growth factor and insulin growth factor super family, among others.

Another area that deserves further investigation is the large variety of alterations in the androgen receptor gene and expression. Low androgen receptor content was 
shown to correlate with poor prognosis by one group ( 31). However, the status and function of the androgen receptor are complex and dynamic processes that 
deserve further study.

Various growth factors and related proteins are believed to play a role in the progression of prostate cancer ( 51,52,53 and 54). Serum and plasma levels of vascular 
endothelial growth factors, insulin growth factors, and cytokines (interleukin-6) were recently shown to be elevated in prostate cancer, especially in metastatic stage 
(55,56,57 and 58). Furthermore, investigation on possible prognostic value of these proteins is warranted.

SUMMARY

Our review of the literature revealed several widely accepted, independent, and established prognostic factors. These include extent of metastatic disease, PS, 
anemia, pain, pretreatment ALP, and testosterone and posttreatment PSA decline. The issue of primary histologic grade and ethnicity remains highly controversial. 
Clearly, there is need for new validated prognostic factors in this patient population. Future directions may incorporate novel molecular markers, serum and/or plasma 
growth, and angiogenic factors and new serum prostate cancer markers.
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INTRODUCTION

Sixty years have passed since the initial report by Huggins and Hodges that prostate cancer is an androgen-sensitive tumor ( 1,2). Significant palliation of bone pain 
due to metastatic disease, relief of urinary tract obstruction, as well as resolution of spinal cord compression can be noted after castration in men with metastatic 
prostate cancer. However, despite this revolutionary concept (at that time) for which the lead authors received the Nobel Prize in 1966, controversy regarding the 
timing of the initiation of the androgen blockade [asymptomatic prostate-specific antigen (PSA) rises vs. symptomatic metastatic disease], the best regimen 
(monotherapy vs. combined blockade) once the decision is made to treat the patient, and the duration of androgen blockade (continuous vs. intermittent therapy) 
remains. Despite these controversies, the median time to progression for men treated with hormone therapy for metastatic disease remains between 18 and 24 
months. This chapter reviews the major effects of androgen blockade at the cellular level and clinical level and summarizes the methods available to the urologist or 
oncologist to achieve androgen blockade.

COMPOSITION OF ANDROGENS IN HUMANS

Testosterone and its metabolites play the primary role of growth regulation of normal and cancerous prostate. These steroid molecules stimulate prostate cancer cell 
growth and inhibit cell death by binding to the androgen receptor, which is located in the nucleus of the prostate cancer cell ( 3). Circulating testosterone is in effect a 
prohormone. Once testosterone enters the stroma of the prostate, it is irreversibly metabolized by 5a-reductase to dihydrotestosterone, which is approximately ten 
times more active than its parent molecule (4). This androgen metabolite is then transported into the prostate epithelial cells. Dihydrotestosterone then binds to the 
androgen-binding region of the androgen receptor, inducing phosphorylation of the receptor. The DNA-binding region of the androgen receptor then binds to 
androgen-responsive genes, thus promoting transcription ( 5). Other androgens, such as androstenedione, dehydroepiandrosterone, and dehydroepiandrosterone 
sulfate, are peripherally converted to dihydrotestosterone. Adrenal androgens account for approximately 10% of androgens found in men; however, they are 
insufficient to prevent prostate cell death ( 6), and their contribution to prostate cancer cell growth is controversial.

Testicular androgen secretion is regulated by the hypothalamus through the pituitary gonadotropin luteinizing hormone (LH), a protein comprised of two subunits with 
a molecular weight of 28,000 kd. The secretion of LH is regulated by LH releasing hormone (LHRH), a decapeptide that in turn stimulates the anterior pituitary gland 
to release LH. LHRH release is pulsatile, with bursts occurring approximately every hour. LH stimulates the Leydig cells of the testes to secrete testosterone. LH 
secretion is controlled by a feedback loop; exogenous administration of androgens will down-regulate LH secretion.

CELLULAR MECHANISM OF ANDROGEN BLOCKADE

Prostate cancer cells deprived of androgen undergo apoptosis, otherwise termed programmed cell death, as well as a decrease in cellular proliferation. 
Morphologically, changes can be detected in normal and cancerous prostate tissue after the androgen blockade. In the rat ventral prostate, glandular involution is 
observed rapidly after castration. Cytoplasmic apoptotic bodies and autolytic vacuoles can be detected with the ventral lobe of the prostate responding more rapidly 
than the lateral or dorsal lobes. Normal, human prostate cancer tissue deprived of androgen will demonstrate atrophy, basal cell prominence, vacuolated luminal cell 
layer, and squamous and transitional cell metaplasia. The most common effect of androgen ablation that is observed is the presence of small tumor glands separated 
by stroma, thus resulting in an overall decrease in volume of the prostate gland. Pyknosis and branching empty spaces are less frequent. These volume changes are 
particularly important in considering the response to androgen blockade, as volume changes can be mistaken for actual tumor shrinkage. Large, clear tumor cells 
within an inflammatory response were a third histologic pattern. Apparently unaltered tumor areas were observed in 43% of prostates tissue exposed to androgen 
deprivation therapy, suggesting that this treatment is not curative ( 7).

The altered relationship between cellular proliferation and death can also be detected at the molecular level. A variety of different cellular proteins are expressed in a 
temporal fashion after androgen withdrawal. The selection factors necessary for cellular survival are achieved through clonal selection of cells preadapted to survive 
without androgen, as well as induction of genes stimulated by androgen withdrawal that results in proteins that confer a survival advantage. These molecular changes 
may contribute to the eventual hormone-resistant state as well as progression of disease after androgen ablation and may be in part responsible for the relative drug 
resistance that has been observed in prostate cancer. There is the suggestion that this pathway is different in normal, when compared to malignant, prostate tissue. 
One molecular marker that remains relatively constant in expression after androgen blockade is the androgen receptor. This implies that the apoptotic pathway that 
the androgen receptor controls is intact, and over time this axis is lost. In the Dunning R3327 prostate adenocarcinoma model, testosterone-repressed prostate 
messenger 2 was induced by androgen withdrawal in the rat ventral prostate 2 to 5 days post–androgen ablation but not in the androgen-sensitive implanted tumors 
(8). This protein is associated with resistance to apoptosis. In animal models, castration results in the induction of protein synthesis, particularly in the antiapoptotic 
protein called Bcl-2. Bcl-2 can delay the time to androgen independence, and increased expression has been noted in androgen-ablated prostate tissue. Patterns of 
growth factor receptor expression are changed—for example, the expression of transforming growth factor alpha shifts from the stroma in untreated tissue to the tumor 
cell in treated tissue, suggesting an autocrine growth factor loop. There is an increase in epidermal growth factor receptors noted in benign tissue. In the CWRU-22 
prostate cancer xenograft model after castration, an increase in expression of p53, p21/WAF1, and a decrease in the Ki-67 proliferative index without activation of 
apoptosis implies that the primary mechanism may be cell cycle arrest ( 9). Furthermore, evidence suggests that the tumor vasculature may differ significantly before 
and after androgen blockade by an indirect response of the prostatic parenchyma to an ischemic/hypoxic environment caused by a drastic reduction of blood flow to 
the tissue that occurs when androgens are withdrawn (10,11).

METHODS OF ANDROGEN ABLATION

Orchiectomy

Bilateral orchiectomy has been the gold standard for the treatment of metastatic prostate cancer. Two techniques exist: total orchiectomy and subcapsular 
orchiectomy. Subcapsular orchiectomy spares the tunica albuginea and epididymis and will preserve some tissue in the scrotum and thus may lessen the 
psychological effect of orchiectomy. Although the possibility exists of persistent testosterone-producing cells remaining in the patient after subcapsular orchiectomy, 



comparative studies to total orchiectomy have found no difference in testosterone levels and pituitary hormones ( 12,13).

Because no compensatory adrenal androgen synthesis occurs, castration is permanent ( 14,15). Serum testosterone levels are reduced by 95% within 3 hours of 
castration (16). As the hypothalamus senses a rapid decline in testosterone levels, there is a permanent rise in LH and follicle-stimulating hormone (FSH) after 
orchiectomy. Although the outcome of orchiectomy is equivalent to that of LHRH agents, most patients now prefer monthly or longer duration LHRH injections to 
castration (17). This is primarily owing to psychological reasons; a past study has demonstrated that patients prefer LHRH to orchiectomy because of the 
psychological implications of the loss of testicles. In this era of managed care, one important difference between orchiectomy and medical castration is that 
orchiectomy also offers the advantage of lower cost (18).

Estrogens

Estrogens affect castration primary by down-regulating the secretion of LH and FSH by the pituitary and thus decreasing testosterone secretion by Leydig cells. 
Castrate levels of testosterone are achieved generally between 3 and 9 weeks ( 19). Duration of exposure to estrogens is important to the durability of response, with 
rapid escape from suppression occurring with patients on short-term therapy ( 20). The effect is dependent on dose: One mg of diethylstilbestrol (DES) will not 
consistently induce castration, whereas 5 mg will almost universally result in testosterone levels less than 50 ng per dL. Adrenal androgens remain unaffected by 
estrogen treatment (21). Other direct cytotoxic effects on prostate cancer cells may involve nonhormonal mechanisms, such as the disruption of cytoplasmic 
microtubules (22). Side effects of estrogens include nausea, vomiting, gynecomastia, fluid retention, and cardiovascular events. Investigators have attempted to 
reduce the rate of thrombosis in patients treated with 2 or 3 mg of DES by administering 1 mg of coumadin prophylactically; no reduction in thromboembolic events 
was observed (23).

DES is the most extensively evaluated estrogen for the treatment of metastatic prostate cancer. Two randomized studies performed by the Veterans Administration 
Cooperative Research Group demonstrated the effectiveness of DES but at cost of toxicity. The first randomized 2,052 patients received either 5 mg DES or placebo 
(24). Overall, 45% of patients who were randomized to placebo eventually received DES, and no difference in survival was noted between the two arms. The second 
study randomized patients to receive 0.2, 1.0, or 5.0 mg of DES and was terminated early owing to an excess of cardiovascular side effects noted in the 5-mg arm 
(25). This trial concluded equivalent rates of disease control for 1 and 5 mg of DES.

Parentally administered estrogens, such as polyestrol phosphate, have a lower rate of cardiovascular events than orally administered estrogens ( 26).

Antiandrogens

Two classes of antiandrogens are used in the treatment of prostate cancer: steroidal and nonsteroidal. Steroidal antiandrogens include cyproterone acetate and 
megestrol acetate. Both drugs act by two mechanisms of action: (a) inhibition of C21-9 decarboxylase, an enzyme responsible for adrenal androgen synthesis, and (b) 
inhibition of gonadotropin release ( 27). Cyproterone acetate is not approved for the treatment of advanced prostate cancer in the United States.

Nonsteroidal antiandrogens competitively block the binding of dihydrotestosterone to its receptor. Three are commonly available in the United States: flutamide 
(Eulexin), bicalutamide (Casodex), and nilutamide (Nilandron) (Anandron). Single-agent administration of these agents will decrease the intracellular levels of 
testosterone and dihydrotestosterone; however, in contrast to steroidal antiandrogens, serum levels of testosterone will increase owing to a compensatory increase in 
LHRH (28). Flutamide is converted to a hydroxy metabolite that is approximately five times more effective in binding to the androgen receptor than its parent 
compound (29). Diarrhea is the most common toxicity observed with flutamide and may be related to the lactose with which flutamide is diluted. The most severe 
toxicity observed with flutamide is flutamide ( 30). This can be reversible if detected early; however, it can be fatal. Bicalutamide has a longer half-life than flutamide 
and a lower rate of diarrhea. Three unique side effects of nilutamide are a flushing reaction, difficulty in visual adaptation to dark with prolonged treatment, and 
pulmonary fibrosis (31). All of these agents when administered as single agents can cause significant gynecomastia, primarily due to peripheral conversion of 
androgen to estrogen.

The role of antiandrogen monotherapy is controversial. Metaanalysis of trials comparing antiandrogen monotherapy to orchiectomy or LHRH agonists for patients with 
metastatic disease found no difference or a modest benefit for LHRH or orchiectomy. A recent randomized study comparing 150 mg of bicalutamide to orchiectomy or 
goserelin in patients with T3 or T4 prostate cancer demonstrated equivalent survival with an improvement of sexual function and physical capacity for those patients 
treated with bicalutamide (32). For those patients who initially opt for monotherapy, it is clear that secondary responses can be obtained using castration after 
bicalutamide monotherapy. In a retrospective study of 54 patients, Kasimis et al. demonstrated that after failing bicalutamide therapy at a dosage of 50 mg, 34% of 
men responded to surgical or medical castration (33). This apparently does not affect survival; an overall median survival of 119 months was observed, which is 
comparable to the median survivals reported in combined androgen blockade studies. Because potency is preserved in patients treated with bicalutamide, this 
sequential approach may preserve potency for a time during androgen blockade and may be a possible alternative to maximal androgen blockade in younger patients 
who wish to preserve their potency (33).

Gonadotropin-Releasing Hormone Analogs

Chemical castration can be affected by inhibition of LH secretion. This has become the preferred method of androgen ablation. As noted earlier, LHRH secretion is 
pulsatile. Administration of LHRH agonists interferes with this pulsatile secretion through a negative feedback. LHRH agonists differ from LHRH in the substitution of 
D leucine for glycine at position 6. Two LHRH formulations are approved for use in the United States. Leuprolide acetate (Lupron) is available in daily subcutaneous 
and monthly, every-3-months, or every-4-months intramuscular injections, whereas goserelin acetate (Zoladex) is available as a monthly or every-3-months 
subcutaneous implant that is usually given into the abdominal wall. Recently, a one-year leuprolide implant has become available (Viadur). When these agonists are 
administered, an initial rise in LH and FSH is observed. The surge of LH results in a down-regulation of LHRH receptors in the pituitary gland, resulting in a decline in 
testosterone secretion in 2 to 3 weeks. This decline in serum testosterone is preceded by a testosterone surge. Unless antiandrogens are administered, symptoms 
such as bone pain, urinary obstruction, and, in the most extreme case, spinal cord compression, can result in patients with metastatic disease.

A recent metaanalysis of monotherapies concluded that the survival of patients treated with LHRH agonists was equivalent to those patient treated with orchiectomy. 
There was no difference in the effectiveness of different LHRH agonists ( 34).

Timing of the Institution of Hormonal Therapy

The original Veterans Administration Cooperative Research Group studies did not demonstrate a survival advantage to hormonal therapy focused on treatment when 
a patient developed metastatic disease (24). However, these results cannot be generalized to patients with early-stage prostate cancer and those who have only 
marker elevations. There are no prospective data to guide the clinician in starting androgen blockade. In fact, some of the most controversial areas are when to treat a 
patient with locally advanced prostate cancer, whether patients with lymph-node-positive disease should be treated, and what to do about a rising PSA after definitive 
local therapy. This is particularly important in light of the fact that patients who fail local therapy often have a long course until they develop symptomatic disease ( 35). 
In fact, 68% of nearly 400 urologists surveyed stated that they recommend androgen blockade for nonmetastatic rising PSAs postprostatectomy. Of note, a similar 
pattern of response was found from urologists who responded to the same questionnaire in men with metastatic disease, and 81% believe that such treatment 
prolongs survival in men with stage C disease (36). Of note, half of urologists surveyed who believe that androgen blockage given in this setting does not prolong 
survival were found to administer androgen ablation to these patients. There is no clear answer, and any treatment decision that the clinician has to offer must be 
made with the natural history of the disease in mind. Recent data from Johns Hopkins indicate that it takes a median of 8 years for a patient to develop metastatic 
disease after his PSA begins to rise (35). The most controversial question is when to initiate hormonal therapy in a patient with a rising PSA level after prior local 
therapy (36a). Because a survival benefit was not observed in the original Veterans Administration studies, the prevailing wisdom was that hormonal therapy should 
start when patients became symptomatic (24). However, more recent randomized studies of combined androgen blockade demonstrate a tail in the survival curves, 
implying that a small fraction of patients enjoy a durable long-term survival past the median of 18 to 24 months observed in other studies. The patients who appeared 
to survive the longest in the Southwest Oncology Group 89-10 were those with few lesions on bone scan, good performance status, and who underwent combined 
androgen blockade. Whether this represents patients who have a less biologically aggressive form of prostate cancer or earlier treatment remains problematic. In 
conclusion, there are no guidelines for the institution of androgen blockade.

Messing et al. randomized men with node-positive disease to undergo observation or to undergo androgen blockade ( 37). This trial was terminated early owing to the 
fact that patients could not be accrued after the implementation of routine PSA screening. However, in the 98 patients enrolled, those who received immediate 



hormonal therapy had a significantly better cancer-specific survival at 7 year follow-up than those men who were observed until clinical progression.

Alternative Hormonal Therapies: PC-SPES

PC-SPES (38) is a compound that is comprised of eight herbs: chrysanthemum, isatis, licorice, ganoderam lucidum, Panax pseudo-ginseng, Rabdosia rubescens, saw 
palmetto, and Scutellaria (skullcap). In vitro antitumor activity has been demonstrated against hormone-sensitive as well as -insensitive human prostate cancer cell 
lines. PC-SPES has a toxicity profile similar to that of estrogen ( 39). The estrogenic activity of PC-SPES is significant, with a 1 to 200 dilution of an extract of one 
320-mg capsule resulting in estrogenic activity equivalent to 1 nm of estradiol. However, this may not be the only mechanism of PC-SPES antitumor activity. Four 
different peaks on high-pressure liquid chromatography have been identified ( 40). The relative contribution of each of these components to its antitumor activity is not 
known. Although the mixture had definite clinical activity, no studies have been performed comparing this compound to maximal androgen blockade, antiandrogen 
monotherapy, or DES.

SIDE EFFECTS OF ANDROGEN BLOCKADE

Osteoporosis

Withdrawal of hormones can result in osteoporosis. Chemical or surgical castration in men with prostate cancer is usually followed by accelerated bone loss that may 
be superimposed on an already depleted bone mass (41). This effect is becoming particularly more relevant to quality of life issues as patients are being treated 
earlier in the natural history of prostate cancer with androgen ablation, thus increasing the risk of osteoporosis and skeletal-related events.

Androgen ablation increases the risk of pathologic fracture. Daniel et al. examined the records of a total of 235 men with non–stage A prostate cancer diagnosed 
between 1983 and 1990 for risk factors for osteoporosis, including orchiectomy ( 41,42). Of these patients, 13.6% treated with orchiectomy had a pathologic fracture, 
compared to 1.1% who did not undergo this procedure. The 17 castrated men alive in 1995 were interviewed, and femoral neck bone mineral density was compared 
to that of 23 controls of similar age before hormonal therapy, demonstrating a decrease in bone mineral density ( 42). A study by Townsend et al. found the rate of 
osteoporotic fractures post–LHRH treatment to be 5% (43). Whether bisphosphates or other agents that can inhibit bone resorption will prevent bone loss is currently 
under investigation. Prospective evaluation of bone mineral density is warranted.

Anemia

Anemia appears to be a significant problem and develops regardless of the stage of a patient's prostate cancer at the initiation of hormone therapy. This is due to the 
fact that androgens directly stimulate hematopoietic stem cells, resulting in a normochromic, normocytic anemia ( 44). In a study by Strum et al. of 142 patients who 
received combined hormonal blockade (CHB), hemoglobin levels declined significantly in all patients from a mean baseline of 149 g per L to a mean of 139 g per L, 
132 g per L, and 131 g per L at 1, 2, and 3 months postandrogen blockade, respectively ( 45). Hemoglobin levels continued to decline during CHB to a mean nadir of 
123 g per L at a mean of 5.6 months postinitiation of CHB, representing a mean absolute hemoglobin decline at a nadir of 25.4 g per L. A hemoglobin decline of more 
than 10% was noted in 120 of the 133 (90%) patients, whereas 13% of patients demonstrated a more severe decline of more than 25%. Significant symptoms related 
to anemia occurred in 17 patients (13%). Symptoms in these patients were easily corrected with the subcutaneous administration of recombinant human erythropoietin 
(45).

Sexual Function

Androgen blockade leads to the loss of potency and libido. For those patients stopping androgen blockade, recovery is variable and can take up to 1 year, with 
approximately 25% of patients still castrate at 1 year. Sexual function may be maintained using antiandrogen monotherapy, as noted in the earlier section 
Antiandrogens.

Hot Flushes

All forms of testicular androgen ablation will result in hot flushes. Some studies have found that approximately two-thirds of men experience symptoms including a 
feeling of heat, usually localizing in the upper body and face; peripheral vasodilation; and profuse sweating ( 46). These symptoms parallel those of women with 
menopause; however, although in men testosterone levels decrease with age, hot flushes are almost never observed in healthy men. The mechanism of hot flushes is 
unclear; however, it may be related to the spontaneous release of catecholamines from the hypothalamus ( 47). It is postulated that chronically low testosterone levels 
decrease the release of opioid peptides from the hypothalamus, leading to an increase in intrahypothalamic levels of catecholamines. Release of these 
catecholamines can be precipitated by changes in the environmental temperature, ingestion of hot liquids, or changes in body position. Treatments for hot flushes 
include inhibition of central adrenergic activity with clonidine, megestrol (20 mg twice a day), as well as DES and can result in complete resolution of hot flushes in 
70% of patients (48). However, fewer side effects, particularly in thromboembolic events, are observed with megestrol. Future studies will focus on the use of 
antidepressants, which have been demonstrated to reduce the rate of hot flashes in women with breast cancer.
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INTRODUCTION

Although Surveillance, Epidemiology, and End Results data from the Utah registry show that the incidence of prostate cancer has continued to decline from a peak 
age-adjusted incidence of 250 cases to 100,000 in 1992, and the American Cancer Society has decreased its incidence projections from 334,500 in 1997 to 179,300 
in 1999, prostate cancer continues to account for 29% of all cancers diagnosed in the U.S. male population ( 1,2). Disease prevalence, the pool from which incident 
cancers arise, is indeed astounding. Autopsy findings in older men indicate that the incidence of prostate cancer nearly doubles with each decade of life after age 50 
years—from 10% of men in their fifties to 70% of men in their eighties ( 3,4). In addition, recent studies have identified microscopic cancer in a large percentage of 
very young men. An autopsy series of men aged 10 to 49 years identified prostatic intraepithelial neoplasia in 9%, 20%, and 44% and a small foci of histologic cancer 
in 0%, 27%, and 34% of men in their third, fourth, and fifth decades, respectively ( 5).

However, in the face of this prevalent disease burden, the dynamics of prostate-specific antigen (PSA) early detection have changed incidence demographics. As a 
consequence of early PSA detection, prevalent cases have been culled from the population so that currently the number of new diagnoses is not the sum of prevalent 
and incident cases but essentially a reflection of the latter. Therefore, the incidence of prostate cancer has diminished to less than 200,000 cases per year. As a result 
of PSA detection, the proportion of patients with metastatic disease at diagnosis has also further diminished. Data from the National Cancer Database of the American 
College of Surgeons Commission on Cancer and from the National Cancer Institute's (NCI) Surveillance, Epidemiology, and End Results Program for the years 1984 
through 1991 indicate that 30% of men have advanced (regional or metastatic) disease at the time of diagnosis ( 6,7). Recent data have shown a dramatic decrease in 
M1 disease to 8% of newly diagnosed cancers (2). This decreasing absolute and proportion of incidence in advanced disease is an experience common to all 
urologists.

As an example, the percent of patients with M1 disease presenting to a community medical school practice (Eastern Virginia Medical School) in 1985 was 32%, 11% 
in 1994, and 10% in 1998 ( 8). The experience extends to Europe. The large European screening trial found a 2% incidence of metastatic disease at diagnosis, 
compared to the metastatic disease incidence of 22% in the 1989 to 1995 time period ( 9).

Although this migration to early-stage disease at detection will reduce the number of patients receiving androgen deprivation therapy as initial treatment, the pool of 
patients with a rising PSA after definitive therapy is expanding and will represent a large population for whom androgen deprivation therapy will be considered and 
most often applied. In support of this, a recent poll of urologists indicated that 69% were likely to use androgen deprivation when PSA rises were detected after local 
therapy (10). In the final analysis, a large proportion of men with prostate cancer will eventually experience androgen deprivation—those who do present with 
advanced disease initially; those with local disease treated with neoadjuvant or adjuvant androgen deprivation, or both, in addition to definitive local therapy; and, 
finally, the largest population, namely those with local therapy who evidence biochemical disease progression.

The hormonal dependency of cancer of the prostate was established in 1941 by Huggins and colleagues ( 11,12). They demonstrated the dramatic response to 
surgical castration in men with metastatic disease. However, after this dramatic clinical response, prostate cancer became refractory to hormonal treatment with a 
median progression-free survival of 18 to 24 months and a median survival of 24 to 30 months ( 13,14). Further application of hormonal manipulation was investigated. 
It was recognized that, although surgical castration removed the source of 95% of total testosterone production, androgenic substances are also produced by the 
adrenal gland. Huggins questioned whether these adrenal androgens were responsible for the observed relapses after orchiectomy. He tested the hypothesis by 
performing surgical adrenalectomy in patients with progressive prostate cancer after surgical castration ( 15). A rapid subjective and objective response was observed 
in some patients but was short lived. This initial foray into combined androgen blockade (CAB) was thwarted by the substantive surgical procedure of adrenalectomy 
in ill patients and was further complicated by the problems of postoperative hypoadrenalism. The concept of adrenal blockade, however, remained intriguing and was 
pursued by others who used adrenal biosynthesis inhibitors, such as aminoglutethimide ( 16). However, toxicity remained significant. The full exploration of the 
concept awaited the development of new pharmaceutical agents. It is important to recognize that coincidental with extensive exploration of these new agents was the 
previously mentioned stage migration to lesser disease volume even among patients with nominally M1 metastatic disease. Therefore, apparent advances in 
therapeutic results must always be tempered by the more favorable disease status of the populations treated. For example, the earlier detection of metastatic disease 
as a result of radiologic imaging prompted by PSA elevations has extended the survival interval after the initiation of androgen deprivation for M1 disease through the 
mechanism of lead-time bias. The median survival of patients with radiologically documented metastatic disease entering a large randomized trial using CAB 
exceeded 3 years (17). This prolonged response is explained by the minimal extent of disease present in 43% of patients. In fact, when analyzed by disease extent, 
the median survival for minimal disease had not been reached at 5 years ( 18) (Fig. 41-1). This extension of survival after initiation of androgen deprivation will be 
further amplified as therapy is initiated on the prompt of PSA rise alone, absent any physical, radiologic, or other laboratory evidence of disease.

FIGURE 41-1. Comparison of extent of disease (EOD) for patients with combined androgen blockade with bicalutamide (bical) or flutamide (flut) as an antiandrogen. 
(From AstraZeneca, with permission.)

NEW PHARMACOLOGIC AGENTS

The development of two classes of pharmacologic agents in the early 1970s set the stage for a reawakening in the interest and application of CAB. Readily applied 



and reversible and well-tolerated medical treatment regimens became available that circumvented the drawbacks of the surgical approach. Luteinizing hormone 
releasing hormone agonists (LHRHa) that could produce medical castration and nonsteroidal antiandrogens that could block adrenal androgen effect ushered in an 
era of CAB therapy. Parenthetically, it is of interest that the two Nobel prizes to grace urologic disease were received by Huggins and Schalley in recognition of their 
investigations on the hormonal therapy of prostate cancer.

Luteinizing Hormone Releasing Hormone Analogs

The biologic action of LHRH, which is released in a pulsatile fashion by the hypothalamus, is to induce the synthesis and release of LH by the pituitary, which in turn 
stimulates the testis to produce testosterone. However, chronic administration of potent synthetic analogs of LHRH causes a depletion of receptors and paradoxic 
decline in testosterone to castrate levels ( 19). LHRHa do not affect extratesticular androgen production. There is evidence suggesting a direct inhibitory effect of 
LHRHa on prostate cancer cells in vitro (20,21). LHRHa are peptides; thus, they cannot be administered orally. They are administered by daily or depot (long acting) 
injection. (Leuprolide acetate [Lupron] and goserelin acetate [Zoladex] are the most commonly injectable forms; buserelin is an LHRHa administered intranasally.) 
Clinical trials have demonstrated that daily treatment with LHRHa causes a decrease in serum testosterone by the third week of treatment in patients with advanced 
prostate cancer (22). Depot formulations of LHRHa are shown to be as effective (23,24). These long-acting preparations have obvious advantages related to patient 
comfort and treatment compliance.

LHRHa therapy has been compared to orchiectomy (25,26) and diethylstilbestrol (DES) (27,28). Patients with advanced prostatic carcinoma were treated with monthly 
injections of goserelin or orchiectomy in a prospective randomized trial. Castrate levels of testosterone were achieved by 4 weeks of goserelin therapy and were 
maintained during follow-up. Objective response was achieved in 82% of patients with goserelin versus 77% with orchiectomy. The two treatment groups did not differ 
significantly in time to treatment failure and survival ( 25,26). Studies comparing goserelin with 3-mg per day DES (27,28) found no significant difference in objective 
response rate, time to treatment failure, or survival but showed better patient tolerance of the goserelin treatment. Leuprolide has been compared with 3-mg per day 
DES. There was no statistically significant difference in objective response and 1-year survival rates ( 28).

The common side effect associated with LHRHa therapy is androgen deprivation. Rare complications include pituitary apoplexy ( 29) and renal failure (30). A flare 
phenomenon can be associated with the initiation of LHRHa. A transient overstimulation of receptors and a surge of testosterone secretion occur within the first few 
days of therapy. This may be associated with exacerbation of bone pain, upper and lower urinary obstruction ( 31), and neurologic symptoms in patients with spinal 
cord metastases. Sudden death due to disease flare has been reported ( 32). The flare phenomenon may be detrimental to the survival of patients with prostate 
cancer. Disease flare may be avoided by pretreating patients with antiandrogens (androgen receptor blockers). They may be initiated before or concurrent with the 
initiation of LHRHa treatment ( 17,33). One of the objections to the NCI 0036 study, as will be detailed later, was that flare was blocked in the LHRHa plus flutamide 
arm but not in the LHRHa only arm, thereby providing an advantage to the combination and a possible explanation for the improved survival in the combination arm. A 
large randomized trial of 813 patients began antiandrogen treatment simultaneously with LHRHa and recorded flare responses in less than 1% of patients ( 17,34). A 
chronic flare effect has also been postulated to occur with depot administration—namely, an intermittent asymptomatic testosterone flare with each injection. This 
disadvantage may be countered with the development of LHRH antagonists. Abarelix is an antagonist in clinical trial. Baseline and change from baseline testosterone, 
LH, and PSA were measured after LHRHa depot (4- and 12-week formulations) and compared to the same data after abarelix. Testosterone surge of 39% to 73% was 
measured with the LHRHa depot before returning to baseline at 9 to 11 days, whereas testosterone was 87% of baseline on the second day after abarelix ( 35,36); 
PSA levels fell by 43% at 2 weeks after abarelix, compared to only 5% after LHRHa depot. Therefore, more rapid androgen ablation without surge and more 
precipitous fall in PSA followed abarelix depot.

Although an overwhelming majority of patients treated with LHRHa does achieve castrate levels of testosterone, some do not ( 37,38), and, even in cases in which 
castration levels have been achieved, testosterone levels may subsequently increase ( 24,38). Therefore, when prostate cancer progresses during LHRHa therapy, a 
castrate testosterone serum level should be documented before the tumor is labeled androgen independent. Testosterone levels above castrate warrant surgical 
castration.

Antiandrogens

Antiandrogens are substances that block the androgen receptor sites at the target organs and exert their therapeutic action by blocking testosterone and 
dihydrotestosterone (DHT) from interacting with prostatic androgen receptors. The androgen receptor is a complex intracytoplasmic protein with three functional 
domains: the ligand-binding domain at the c-terminal, which binds androgens with high affinity; the DNA-binding domain; and the N-terminal domain. Androgen 
binding to the receptor causes a conformal change and translocation of the bound receptor to the nucleus that then binds to the DNA and initiates DNA transcription 
(39).

Antiandrogens may be steroidal or nonsteroidal in action. Cyproterone acetate (CPA), megestrol acetate, and medroxyprogesterone acetate are examples of steroidal 
antiandrogens. Of these, CPA, a potent antiandrogen and progestin, is commonly used to treat prostatic cancer ( 40). Steroidal antiandrogens, in addition to their 
ability to block the androgen receptor site in the prostate, also act like estrogen by inhibiting LH secretion in the pituitary and lowering serum testosterone to castrate 
levels. Experimental evidence also suggests that CPA may suppress adrenal secretion of androgens. The progestational property of CPA, while avoiding hot flashes, 
does lead to suppression of libido and erectile potency ( 41). Its steroidal properties also account for its propensity to cause cardiovascular side effects ( 42) and 
adversely affect serum lipoproteins (43). Hepatotoxicity has also been reported with CPA (44). Although used extensively in Canada and Europe, CPA is not U.S. 
Food and Drug Administration approved in the United States. In contrast, the family of nonsteroidal antiandrogens is devoid of progestational properties. Flutamide 
was the first nonsteroidal antiandrogen to be approved by the U.S. Food and Drug Administration. The active component is hydroxyflutamide, a metabolite of 
flutamide, which has a short half-life of 5.2 hours ( 45). Gastrointestinal intolerance, particularly diarrhea, is the most troublesome side effect associated with flutamide 
(46). Liver function abnormalities, including fatal hepatotoxicity, have been reported ( 47). The antiandrogen nilutamide (Nilandron) has a half-life of approximately 2 
days (48). Side effects associated with nilutamide are abnormal light-dark adaptation and interstitial pneumonitis ( 49). Bicalutamide (Casodex) is a nonsteroidal 
antiandrogen that has a 5- to 7-day half-life ( 50,51). Unlike flutamide, it does not require metabolic activation. Bicalutamide has relatively few side effects. 
Nonsteroidal antiandrogens have a high affinity and specificity for the androgen receptor without androgenic, estrogenic, progestational, or glucocorticoid properties. 
Theoretically, therefore, the androgen receptor blockade should fulfill the objective of complete androgen blockade, as the receptor is occupied and prevents ligand 
interaction from any source, whether from testes or adrenals. However, compared to testosterone and DHT, antiandrogens have a much lower affinity for the 
androgen receptor (50,51). Furthermore, antiandrogens act peripherally to inhibit androgen-stimulated prostate growth and centrally to inhibit the action of androgen 
on the hypothalamus and pituitary gland. The latter effect activates a positive feedback mechanism, leading to an increased secretion of LH and, consequently, an 
increased production of testosterone. On the one hand, this preservation of serum testosterone levels has the advantage of preserving libido and potency in 
two-thirds of patients with normal pretreatment sexual function. On the other hand, this rise in testosterone levels after antiandrogen administration may displace 
antiandrogens from the androgen receptors and negate their therapeutic effect. All of the antiandrogens have been tested in clinical trials in combination with medical 
or surgical castration to achieve CAB.

COMBINED ANDROGEN BLOCKADE

Geller initially described the phenomenon of elevated DHT in the prostatic cells of patients after surgical castration and postulated that adrenal androgens could 
provide a source of DHT and continued androgenic stimulus ( 52). The large body of basic science endocrinology that provided experimental evidence for this concept 
came from the laboratory of Dr. Ferdinand Labrie ( 52a). Labrie demonstrated that humans are unique among animal species in having adrenals that secrete large 
amounts of the inactive precursor steroids dehydroepiandrosterone (DHEA); its sulfate, DHEAS; and androstenedione. In accordance with Geller's concepts and 
findings, these adrenal androgens can be converted into more potent androgens in peripheral tissues, including the prostate. The plasma levels of DHEAS are 100- to 
500-fold higher than testosterone and therefore, although qualitatively of relatively low potency, quantitatively they provide a substantial substrate for conversion into 
the more potent androgens by the prostate (53). Approximately 60% of total intraprostatic DHT originates from the testis, whereas 40% is of adrenal origin ( 53) (Fig. 
41-2). Based on this clarification of physiology and endocrinology and the availability of LHRHa and antiandrogens, the stage was set for clinical testing of CAB in 
men with prostate cancer. Initial studies were conducted with the steroidal antiandrogen CPA. Bracci and Di Silverio described the use of a steroidal antiandrogen, 
CPA, in conjunction with bilateral orchiectomy in 1977 ( 54). In 1983, Labrie published a small phase-2 trial that included 37 previously untreated patients with stage C 
or D prostate cancer. He combined leuprolide with the nonsteroidal antiandrogen flutamide and reported an objective response in 29 of 30 evaluable patients ( 55). 
Labrie subsequently published a further successful application of combined therapy ( 56,57). As a result, CAB was widely publicized as an unqualified success as a 
primary treatment for patients with prostate cancer. However, there was cause for concern in that a natural experiment of nature seemed at odds with this success. 
Specifically, prostate cancer does not occur in men with intact adrenal function who had suffered traumatic or purposeful prepubertal castration. This objection was 
countered by the statement that adrenal androgens, although not capable of initiating prostate cancer, could conceivably sustain or support prostate cancer already 
initiated in the adult man; that prostate cancer cells are more “sensitive” to adrenal androgens; and that these sensitive clones, which survived castration effect, might 
be suppressed by the addition of antiandrogen to surgical or medical castration. Although androgen-independent cells also likely present ab initio and will eventually 



repopulate the tumor volume and result in hormone refractory disease and prostate cancer mortality, duration of response might be significantly prolonged with CAB, 
and this might be reflected in lengthened survival. A detailed discussion of the pros and cons surrounding these arguments has been thoroughly reviewed by 
Schröder et al. (58). Only randomized clinical trials could clarify the issue. Appropriately, these were constructed to test the hypothesis of clinical benefits for CAB.

FIGURE 41-2. A: Intracrine activity in the human prostate or biosynthetic steps involved in the formation of the active androgen dihydrotestosterone (DHT) from 
testicular testosterone (T) as well as from the adrenal precursors dehydroepiandrosterone (DHEA), DHEA sulfate, and androstenedione (D 4-dione) in human prostatic 
tissue. The widths of the arrows indicate the relative importance of the sources of DHT in the human prostate; approximately 60% of total intraprostatic DHT originates 
from the testes, whereas 40% is of adrenal origin in a 65-year-old man. The testes secrete testosterone, which is transformed into the more potent androgen DHT by 
5a-reductase in the prostate. Instead of screening T or DHT directly, the adrenal secretes very large amounts of precursors of DHT, namely DHEA and DHEA sulfate, 
as well as some D4-dione, which are transported in the blood to the prostate and other peripheral tissues. These inactive precursors are then transformed locally into 
the active androgens T and DHT by intracrine activity. In fact, the enzymatic complexes DHEA sulfatase, 3b hydroxysteroid dehydrogenase/isomerase (3b-HSD), 17b 
hydroxysteroid dehydrogenase (17b-HSD), and 5a-reductase, and all are present in the prostatic cells, thus providing 40% of total DHT in this tissue. B: Effect of 
castration on the serum levels of T, on one hand, and on the concentration of the active androgen 5a-DHT remaining in prostatic cancer tissue after castration, on the 
other hand. Note the relatively small effect (approximately 60%) of castration on intraprostatic DHT concentration as compared to the 90% fall in serum T. C: Plasma 
concentrations of androstane-3a, 17b-diol glucuronide (3a-Diol-G), and androsterone glucuronide (ADT-G) on 20 intact and 18 castrated ( shaded area) men with 
prostate cancer. Patients were of similar ages. ACTH, adrenocorticotropic hormone; CRF, corticotropin-releasing factor; LHRH-A, luteinizing hormone releasing 
hormone agonist. (From Labrie F, Belanger A, Dupont A, et al. Science behind total androgen blockade: from gene to combination therapy. Clin Invest Med 
1993;16:475–492, with permission.)

For clarification, the terms complete or total androgen blockade, often used to describe the combination of castration plus an antiandrogen, are inaccurate. Although 
these latter two terms describe the intent of a combination of pharmacologic agents to negate androgenic effect, they do not assure that this end point completely or 
totally is indeed realized. The term combination androgen blockade is therefore a more accurate and appropriate descriptor of the regimen without overstating the end 
point.

RANDOMIZED CLINICAL TRIALS

The advantage of a new treatment strategy rests in the demonstration in a prospective, randomized trial of its superiority of efficacy or the demonstration of equal 
efficacy at reduced toxicity when compared to standard therapy.

The CAB concept has received as much attention as any with regard to testing in randomized controlled trials. It certainly has been the most intensively studied 
treatment protocol for prostate cancer. These investigations have not led to a unanimous opinion as to the advantage of combined therapy or its defined role in 
treatment, because some published studies have reported a significant treatment effect in favor of CAB for advanced prostate cancer, whereas others have not. Many 
of the studies failing to show a superiority of CAB to castration monotherapy had inadequate statistical power to do so, based on insufficient patient populations or 
duration of follow-up, or both, or other methodologic weaknesses ( 59). It has been stated that to detect a clinically and statistically significant difference in survival end 
points between alternative treatments in patients with prostate cancer, it is necessary to accrue at least 300 patients to each treatment ( 60). The enrollment in many 
studies that failed to detect any advantage with CAB enrolled fewer patients. On the other hand, those trials that have shown significance to the combined therapy 
have been questioned as to the clinical importance and clinical impact of the statistical analysis (i.e., statistical significance without clinical relevance).

Trials Pre–National Cancer Institute 0105: Confirmatory of Combined Androgen Blockade

Spurred by the potential benefits of CAB, the NCI sponsored an intergroup cooperative study that was initiated in 1985. When published in 1989, this double-blind, 
randomized, placebo-controlled NCI Intergroup study (NCI INT-0036), coordinated by the Southwest Oncology Group (SWOG) ( 45,61), was the largest trial on the 
subject. The maximum follow-up was 48 months. The final analysis of this study of 603 previously untreated patients with metastatic (stage D2) disease found that 
progression-free survival (16.5 months: 95% confidence interval (CI), 14.6 to 19.5) and median length of survival (35.6 months: 95% CI, 31.2 to 38.9) were 
significantly longer in patients treated with CAB (1 mg per day leuprolide subcutaneously plus 250 mg of flutamide three times a day orally) than in those treated with 
leuprolide plus placebo (13.9 months: 95% CI, 10.8 to 15.3; and 28.3 months: 95% CI, 25.7 to 30.6, respectively). The proportional hazards regression test for the 
difference in survival distribution was significant for progression-free survival ( p = .039) and median length of survival (p = .035) (Table 41-1). Of interest is the fact 
that, although this trial was not initially powered by patient sample size to detect the 26% survival difference that was found (the original calculations included a 90% 
power to detect a 40% difference), the very rapid accrual of patients over 15 months provided enough events (deaths) at analysis to establish this lesser difference as 
statistically significant. In addition, the overall response rate (complete plus partial responses) as assessed by the National Prostatic Cancer Project criteria was 
higher, although not significantly, in the CAB group (43.6% vs. 35.3%). Post-study subgroup analysis found the greatest benefit from CAB for a small number of 
patients with a good performance status and minimal disease. The only adverse event, reported significantly more often in the CAB group, was diarrhea (13.6% vs. 
4.9%, p <.001).

TABLE 41-1. SUMMARY OF STUDIES THAT CONFIRM SURVIVAL BENEFIT WITH COMBINED ANDROGEN BLOCKADE THERAPY

The urologic group of the European Organization on Research and Treatment of Cancer (EORTC) conducted a phase 3 randomized study comparing CAB (goserelin 
acetate, 3.6 mg every 4 weeks subcutaneously plus flutamide, 250 mg three times a day orally) with bilateral orchiectomy in 327 previously untreated patients with 
metastatic (stage M1) prostate cancer (EORTC 30853) (Table 41-1) (62,63,64,65,66 and 67). When initially reported with a median follow up of 2.5 years, there was 
no statistical advantage to CAB. However, final analysis, conducted at a median follow-up of 7.2 years, proved different ( 67). With 80% of patients expired, time to 
death due to malignant disease (p = .008) and time to first progression (p = .009) and progression-free survival ( p = .02) were significantly longer in patients treated 



with CAB. As with the NCI trial, there was a statistically significant survival advantage in favor of CAB ( p = .04); the medians for duration of survival with CAB and 
orchiectomy were 34 months and 27 months, respectively (Table 41-1). There were significantly fewer deaths due to malignant disease in patients treated with CAB 
(94 vs. 110), and the median time to death from malignant disease was 42 months with CAB and 29 months with orchiectomy (p = .008). Similar to the subgroup 
analysis in the NCI INT-0036 trial, CAB was particularly beneficial in patients with minimal disease. A rise in the PSA level predicted treatment failure and progression 
to lung or liver metastases was associated with extremely poor prognosis. The most frequently reported adverse events in both arms were hot flushes (70% CAB vs. 
59% orchiectomy) and gynecomastia (22% vs. 8%), both anticipated pharmacologic effects of treatment. These gains in survival in the NIC and EORTC trials were 
achieved, therefore, with acceptable toxicity.

The first randomized controlled study that tested CAB was the EORTC Genitourinary (GU) Group protocol 30805 ( 68). This protocol was developed in 1979 before 
Labrie's initial study and report. It compared orchiectomy castration plus CPA, 150 mg per day, to orchiectomy alone. Treatment with DES, 1 mg daily, comprised a 
third arm; 335 patients with metastatic disease were accrued. The final analysis published in 1995 showed no difference in time to progression and overall survival 
among the three treatment arms. EORTC 30843 randomized 368 patients with M1 or M0N4 disease to orchiectomy or buserelin plus a short term (2 weeks) of CPA or 
continuous CPA. There was no difference in time to progression or survival between the treatment arms ( 69). The results of the trial 30853 differed from the prior CAB 
trials of the EORTC 30805 and 30843. Analysis of these trials revealed a difference in prognostic factors, which likely explained the outcome disparity between trials 
as discussed by Sylvester (70).

The multicenter, double-blind, randomized Anadron International Study Group trial compared nilutamide, 300 mg daily for 1 month, then 150 mg daily plus 
orchiectomy to orchiectomy plus placebo (Table 41-1) (71,72) in 457 patients with metastatic prostate cancer. At first analysis published in 1993, the follow-up for 
survival was approximately 4.5 years, and the median follow-up was 35 months. Statistically significant advantages favoring CAB were reported. The median interval 
to objective progression with CAB (20.8 months) was longer than that with orchiectomy alone (14.9 months); the difference in the survival distribution was significant 
(p = .0041). The overall response rate of 41%, similar to that in the NCI INT-0036 trial, was significantly ( p <.001) higher than the 24% response rate with orchiectomy 
alone. The median intervals to death from all causes and from cancer were longer in the CAB group (27.3 months and 37.0 months, respectively), compared to the 
orchiectomy group (24.2 months and 30.0 months) but were not statistically different. An update of this trial was reported in 1997 ( 73). Patients continued taking study 
drug or placebo until progression or intolerance or withdrawal by personal consent. However, when progression occurred, only patients who had been on nilutamide 
continued the drug to permit a comparison according to maintained initial therapy. At second analysis, follow-up ranged from 82 to 102 months, which was 55 months 
longer than the first analysis for progression and 47 months longer than the first analysis for survival. The median intervals to progression were at 21.2 and 14.7 
months for the combination versus the monotherapy arm, respectively. This 6.5-month difference was statistically significant ( p = .002). The median intervals to death 
from prostate cancer were 37.0 and 29.8 months for the combination arm versus the monotherapy arm, respectively. This difference of 7 months was also statistically 
significant (p = .013). When all cause survival was analyzed, the advantage to the combination arm maintained statistical significance ( p = .033). More patients in the 
CAB group than in the orchiectomy group had a decrease in pain (74% vs. 68%, p = .046) and normalization of prostatic acid phosphatase levels (51% vs. 32%, p = 
.027) at 1 month. Of interest in this study was the finding that normalization of PSA at 3- and 6-month intervals related to progression-free status and both 
cause-specific and all-cause mortality to a statistically significant degree. The finding is in contradistinction to the NCI orchiectomy with or without flutamide trial, NCI 
0105, in which the normalization of PSA carried no statistically significant relationship to survival ( 74). In the nilutamide study, PSA levels were measured on only 272 
of 457 patients. This might reduce the predicted accuracy as compared to the NCI study, which evaluated PSA levels in all 1,348 patients included on the study. A 
retrospective quality of life (QOL) evaluation was also performed for this trial ( 75). No instrument for QOL assessment had been available during the conduct of the 
trial. It was concluded that subjective improvement in pain and urinary symptoms and delayed subjective progression translated into an improvement in QOL. The 
nilutamide metaanalysis also supported a QOL advantage to CAB based on a statistically significant reduction in pain in the CAB arm. However, as described later, a 
prospective QOL assessment with validated instruments conducted as part of the INT-0105 trial clearly demonstrated a detriment to QOL in the combined arm that 
was highly significant (76). Once again, a caution is raised against translating retrospective analyses and hypotheses generating proposals into standard care without 
individual testing and confirmation in a randomized trial.

Inconclusive Studies

Several trials of CAB for the treatment of metastatic prostate cancer have been interpreted as not confirming the results of the NCI INT-0036, EORTC 30853, or the 
Anandron International Study Group trials ( Table 41-3). However, the results of some of these trials are actually inconclusive, as they did not have sufficient statistical 
power to confirm the degree of survival benefit established in the NCI INT-0036 and other trials. These latter trials included smaller numbers of patients accrued over 
longer time intervals with fewer survival events available for analysis. They were not sufficiently powered to detect the 25% difference that was possible with the NCI 
trial. Low statistical power may be due to several factors, including an insufficient number of patients; an insufficient number of events; an accrual rate lower than 
anticipated in sample size calculations, which translates into fever events at analysis; and interval follow-up that is abbreviated. A review of the data from some of 
these trials is illustrative.

TABLE 41-3. SUMMARY OF SELECTED STUDIES THAT DO NOT CONFIRM A SURVIVAL BENEFIT WITH COMBINED ANDROGEN BLOCKADE THERAPY

The International Prostate Cancer Study Group trial of 571 evaluable patients, which compared goserelin acetate and flutamide to castration monotherapy, did not 
confirm a beneficial effect of CAB by the parameters of objective response or survival ( Table 41-3) (77,78). Objective response rates were 65% and 67%, respectively. 
The median duration of follow-up for survival at the final analysis of this trial was 56.2 months. The median length of survival was 42.2 months in the CAB group, 
compared to 37.7 months in patients treated with goserelin acetate alone. Analyses of survival were performed for all evaluable patients and separately for those with 
M0 and M1 disease. Forty-three percent of patients had M0 disease. The 300 patients with M1 disease whose median follow-up was 2 years were not numerically 
adequate to demonstrate the difference in survival found in the NCI INT-0036 trial. Of note was the finding that prostatic acid phosphatase and PSA exhibited a 
statistically greater decrease in the combination therapy arm.

The Danish Prostate Cancer Group (DAPROCA) compared goserelin acetate plus flutamide with orchiectomy in 262 previously untreated patients with advanced 
prostate cancer (DAPROCA 86) (79,80 and 81). Neither the interim analysis with median follow-up for survival of 30 months and 39 months nor the final analysis with 
a median follow-up for survival of 57 months found significant differences between treatment groups for time to progression of disease (16.5 months for CAB vs. 16.8 
months for orchiectomy) or median length of survival (22.8 months vs. 27.6 months). The sample size determination for the DAPROCA 86 trial was based on detecting 
a 20% difference in response with 90% probability. The trial was not originally constructed to detect a difference in survival and could not, therefore, provide 
information regarding the 26% difference in survival found in the NCI INT-0036 trial. Although of identical construction as EORTC 3085, it also could not, for the same 
reasons, confirm EORTC 3085. In fact, the risk of overlooking a potential benefit from this trial has been calculated at 50% ( 82).

Analyses of studies by the Italian Prostatic Cancer Project investigators and a French group found no significant differences between CAB (goserelin acetate plus 
flutamide, doses as for EORTC 30853 trial) with respect to time to disease progression or survival based on a median follow-up of 18 months in 304 patients ( 83) and 
a follow-up period of 15 months in 245 patients ( 84). Based on sample size determinations, they will not have adequate statistical power to detect the treatment effect 
difference in survival of the NCI INT-0036 and EORTC 3085 trials.

An interim analysis (24 months) of an Italian cooperative multicenter trial found no significant differences in time to disease progression, overall survival, or response 
rates (objective and best response) between treatment with goserelin acetate, 3.6 mg every 28 days subcutaneously plus 200-mg CPA daily orally and goserelin 



acetate alone in 315 eligible patients ( 85,86).

Two U.S.- and Canadian-controlled, cooperative, randomized studies of CAB were published in 1990 and 1991. In a double-blind study involving 411 patients with 
newly diagnosed metastatic D2 prostate cancer, nilutamide (300 mg per day for 1 month, then 150 mg per day) was used as the antiandrogen in combination with 
leuprolide (1 mg per day subcutaneously), compared to leuprolide alone. A significantly better response rate (53% vs. 41%) and higher normalization of PSA (76% vs. 
52% at 3 months) were associated with CAB (87). Additionally, at 6 months, CAB was significantly more effective for metastatic bone pain than was LHRHa alone. 
Although the median time to progression and survival was lengthened by the addition of nilutamide (24.3 vs. 22.2 months), the difference was not significant. These 
results were published before median progression-free or overall survival was reached. In a smaller, double-blind, randomized, multicenter, Canadian study, bilateral 
orchiectomy plus nilutamide was compared to orchidectomy alone in 208 patients with metastatic (stage D2) prostate cancer ( 88). Higher response rates (45% vs. 
20%) were noted, and a greater proportion of patients had at least a 25% decrease in serum alkaline phosphatase (70% vs. 40% at 6 months) with CAB. However, 
there were no significant differences in time to progression or death, although the trend for overall survival favored CAB (24.3 vs. 18.9 months, p = .137). No 
subanalyses on patients with minimal disease were conducted in either of these studies.

Another factor that confounded the comparison of the various trials was the different modalities of castration (surgical vs. medical) and the different antiandrogen used 
(e.g., nilutamide, flutamide, or CPA). The question was raised: Is there enough difference between these agents within the same general family (specifically 
antiandrogens) to make a difference in treatment outcome?

The variable outcomes reported from these trials resulted in uncertainty and some confusion within the urologic community. Nevertheless, these variables served to 
awaken the interest in the statistical parameters and concepts that drive clinical trials—namely, clinical trial outcome needs to be understood in the context of sample 
size; events; size effect; confidence intervals, all calculated as part of initial trial design; and the omnipresent p value.

Retrospective subgroup analyses in the NCI INT-0036 and EORTC 30853 trials generated the hypothesis that particular benefit from CAB was seen in patients with 
minimal disease. To test this hypothesis would require a randomized trial to address this issue prospectively. To this end, and to confirm the NCI 0036 trial as well as 
answer some concerns about trial validity, two lines of further investigation followed: construction of a large confirmatory trial and combined evaluation of all 
individually reported trials by metaanalysis.

National Cancer Institute 0105

The NCI INT-0105 trial was initiated in December 1989 ( Table 41-2). Accrual was completed in September 1994. It was a prospective study of the relative benefits of 
CAB and monotherapy based on the extent of disease for patients randomized to orchiectomy plus placebo or orchiectomy plus flutamide. With 1,378 patients 
accrued, this trial represents the largest to date to study the benefits of CAB ( 74). This trial was constructed to answer objections raised by the NCI INT-0036 trial. 
They were that daily subcutaneous injections of leuprolide may have driven a subclinical period of disease progression “flare” and that flutamide in the combination 
arm only served to block flare. The inference is that leuprolide alone may be inferior to surgical castration monotherapy. In addition was the concern that compliance 
with the required daily injection of leuprolide was not complete and the greater disadvantage that this imparts to the monotherapy arm compared to the combination 
arm, in which antiandrogen would buffer the detrimental effects of irregular compliance.

TABLE 41-2. NATIONAL CANCER INSTITUTE INT-0105 OUTCOMES

Based on the results of the NCI INT-0036 trial ( Table 41-4), the NCI INT-0105 trial was constructed to have a 90% power at a 0.05 level of significance (one sided) to 
detect a 25% improvement in survival from a median of 28.3 months (death hazard ratio of 1.25) ( 74). Information regarding treatment benefits for the subgroup of 
patients with minimal disease was considered of vital importance, as this subgroup of patients currently represents the majority of men with M1 disease as a result of 
the early complete radiologic evaluation triggered by a rising PSA profile.

TABLE 41-4. NATIONAL CANCER INSTITUTE INT-0036 OUTCOMES

For most physicians caring for patients with metastatic prostate cancer who based their treatment recommendations to use complete androgen blockade on the 
results of NCI trial 0036 published in the New England Journal of Medicine in 1989 (46), which showed a survival advantage to CAB, the final publication of NCI 0105 
trial 10 years later in the same journal was quite startling, disturbing, and confusing. By the parameters used to construct the trial, there was no statistical advantage 
to orchiectomy plus flutamide versus orchiectomy alone ( 74). Although the trial did show an approximately 10% survival difference in favor of the combination ( Fig. 
41-3), this did not reach statistical significance, because the trial had been powered to demonstrate a 25% difference in survival between the two arms, a difference 
comparable to the NCI 0036 trial published 10 years before. However, it is important to recognize that a difference as large as 20% between the two groups could be 
missed. Furthermore, NCI 0105 had been constructed to randomize patients by performance status and extent of disease to monotherapy or combined therapy to test 
the validity of the hypothesis that patients with minimal disease would derive the greatest advantage from CAB, as had been noted in trial 0036. However, in NCI 
0105, there was no statistically significant advantage to the combination for the good performance and minimal disease subgroups. Again, this outcome illustrated the 
danger of extrapolating post-trial subanalysis, no matter how logical or attractive, to standard practice without confirmation as a primary question in a subsequent 
randomized trial.



FIGURE 41-3. Overall survival among eligible patients with follow-up according to treatment assignment. (From Eisenberger MA, Blumenstein BA, Crawford ED, et al. 
Bilateral orchiectomy with or without flutamide for metastatic prostate cancer. N Engl J Med 1998;339:1040–1041, with permission.)

An interesting caveat to consider is the possible consequence of crossover to flutamide at the time of failure among patients taking placebo, which was permitted by 
trial design. Could this favorably modify the survival of the control arm so as to reduce the difference between the two arms? The nilutamide (Anandron) trial, which 
demonstrated survival superiority to CAB, did not permit addition of Anandron to the placebo arm at time of failure ( 72,73).

The NCI 0105 trial analysis also provided critically important information about the biomarker PSA. This was the first large trial to systematically include PSA as a 
marker of tumor status and response and to correlate its profile with survival end points. There was a statistically higher incidence of normalization to a PSA less than 
4 (p = .018) in the combination arm. This intuitively might lead to the prediction that a better clinical and survival outcome was assured. If PSA response were truly a 
surrogate for survival, then this statistically significant reduction in PSA in the combination arm would predict a survival benefit for this arm. This was not the case, 
and, therefore, in the context of a large perspective randomized trial, which is the only mechanism for assigning surrogate end points, this discordance between PSA 
response and survival rendered PSA invalid as a surrogate end point. This fact calls into question the common reliance on serum PSA values as a meaningful 
predictor of long-term outcome. In fact, the discussion of results contained the statement “PSA has no role as surrogate marker for survival in patients with metastatic 
prostate cancer” (46). Questions and comments are pertinent with regard to the surrogate end point issue. Might there have been a correlation with survival if the 
stricter PSA end point of undetectable PSA had been used? Although PSA may not be a surrogate for survival in patients with hormone-naïve disease, in which PSA 
level decreases in response to cell death and gene down-regulation after androgen deprivation, it may be more “accurate” in the context of hormone refractory 
disease, in which PSA decrease is more related to a reduction in tumor cell population. However, the definition of surrogate end point is very precise, very restrictive, 
and most difficult to fulfill, as stated by Prentice and Flemming: “A valid surrogate end point must do two things: it must correlate with the end point of interest and it 
must, on interventions that change the end point, change accordingly. Thus, validation of surrogate end points can only occur in the context of trials that have studied 
interventions that are shown to effect change in end point” ( 89,90 and 91). As yet, no biomarker has achieved this level of surrogacy.

The NCI 0105 trial was also unique in that it measured QOL parameters and therefore was able to assess the incremental morbidity, if any, of combination therapy as 
compared to monotherapy. A separate publication analyzing QOL issues has been reported ( 74). A sobering conclusion was reached. Patients on the combination 
arms experienced a statistically higher incidence of gastrointestinal effects, anemia, and abnormality of liver function tests. In this setting, the patients receiving 
combination of orchiectomy and flutamide not only failed to achieve a response benefit but also paid a price both economically, the additional cost of the 
antiandrogen, and qualitatively, with depreciation in QOL. The attention to QOL in this clinical trial is especially important, because hormonal treatment of metastatic 
disease can be considered largely palliative rather than curative. Because relief of symptoms may be brought about at the expense of some treatment-related toxicity, 
it is important that overall QOL is maintained—namely, that the treatment will not worsen the patient's current status. As was done in this trial, QOL measurement 
should be gathered through patient-reported instruments. These instruments should also be collected at the same time for both treatment arms and should be 
administered so that patients feel no pressure to provide responses that might parallel their understanding of their disease response or the physician's attitude toward 
the same. Detailed knowledge of clinical response before a QOL evaluation might bias patients' reporting of their symptoms and QOL (i.e., favorable for an objective 
response and unfavorable if clinical response is lacking). Patients receiving flutamide reported more and worse emotional functioning at 3 and 6 months ( p <.003) 
(Table 41-5). There were other QOL parameters that favored the group receiving placebo, although statistical significance was not reached. These data strongly 
suggest that QOL benefits within the first 6 months after treatment were reduced when flutamide was added to orchiectomy. The reason for the decrease in emotional 
functioning was unclear. It was postulated that emotional functioning might not only be mediated by symptoms' status but also by a direct effect. As already noted, 
receptors for antiandrogens are found in the central nervous system as has been documented from animal studies ( 50,51). The increases that occur in serum 
testosterone after the administration of flutamide support interaction with central nervous systems receptors that, by negative feedback, act to increase LH and 
testosterone. It is possible that the negative effects on emotional functioning that were observed are explained by the action of antiandrogens on androgen receptors 
in the brain, pituitary, and hypothalamus.

TABLE 41-5. MENTAL HEALTH INDEX TOTAL SCORE ASSESSED IN NATIONAL CANCER INSTITUTE 0105 COMBINED ANDROGEN BLOCKADE TRIAL

A specific side effect of CAB with flutamide, largely underappreciated, is the anemia that occurs in some patients. Strum et al. analyzed 133 patients at baseline and 
intervals after initiation of CAB ( 92). Hemoglobin declined in all patients through 6 months and declined 25% or greater in 13% of patients who developed significant 
symptoms. Anemia usually resolved after discontinuation of therapy but was delayed in older men (older than 68 years) and those who had been treated for more than 
1 year. For men older than 68 years treated for more than 1 year, recovery did not occur until 12 months after CAB was discontinued. The anemia was less significant 
when bicalutamide was used as the antiandrogen.

Critiques of the QOL assessment have noted that only half of the patients were included in the analysis, and the sampling method to capture the group studied was 
not clearly described. Furthermore, the QOL differences were studied at 1, 3, and 6 months but not beyond. By limiting evaluation to the first 6 months, short-term side 
effects are emphasized, and the long-term QOL benefits might be missed.

The morbidity associated with CAB has spawned a number of studies investigating intermittent androgen deprivation using the combination of medical or surgical 
castration with an antiandrogen. These trials are being conducted both in the setting of advanced disease, M1 SWOG (SWOG 9346, INT-0162) and the setting of 
minimal disease—namely, a rising PSA after external beam radiation (NCI Canada). These trials will assess end points of progression, survival, and QOL. QOL 
assessments are most important in view of the increasing awareness of androgen deprivation–related morbidity, both physical and psychological, that is associated 
with continuous therapy. Obviously, only medical castration lends itself to intermittent therapy protocols.

Metaanalysis

A methodology to investigate the overall conclusions that can be drawn from a number of trials addressing the same questions with disparate outcomes is termed 



metaanalysis. In addition, metaanalysis is a frequently used strategy to combine the results of a number of small trials to gain statistical power for determining 
differences that these small trials, individually, are not able to detect. The disparate outcomes in individual, prospectively randomized trials and the small number of 
patients included in some trials prompted several metaanalyses of the published and unpublished data. The merits of randomized trials and metaanalysis have been 
summarized by LeLorier (six in Fritz's) (93). Blumenstein (94) has published a discussion of the pros and cons of the metaanalysis of CAB trials. A metaanalysis 
should include studies comparable in design and conduct so that data can be pooled. Greater weight is given to those studies with larger patient numbers and longer 
follow-up periods. There are several metaanalyses initiatives dealing with CAB that warrant discussion. The largest and most inclusive was conducted by the Prostate 
Cancer Trialists collaborative group ( 95,96). Twenty-two of the 25 possible trials that could be included were subject to metaanalysis, and the results were published 
in 1995 (96). The NCI 0105 trial data were not included, as it was in the process of accrual. Individual data for 5,710 patients, 87% of whom had metastatic disease, 
were obtained. Castration was accomplished by LHRHa or orchiectomy, and the antiandrogens used were CPA, nilutamide, or flutamide. At the time of the study, 
52.7% of patients had expired. No statistical benefit to CAB was recorded. The overall mortality among patients randomized to castration alone was 58.4%, compared 
to 56.3% among those randomized to CAB. When patients were grouped by the type of castration or antiandrogen therapy, the outcome was the same: No significant 
difference between subgroups was detected. Subgroup analysis by ages younger than 65, 65 to 74, and older than 75 years showed no significant difference between 
treatment, CAB, or monotherapy in these three age categories. Furthermore, a separate analysis of patients with M0 and M1 disease did not alter the results.

The 5-year survival estimates were 22.8% for castration alone versus 26.2% for CAB. This absolute difference of 3.5% was not statistically significant. However, the 
CI for absolute improvement in survival was 0% to 7%. The study concluded that there was no survival difference during the first 2 years after randomization but, 
interestingly, did note that there appeared to be a slight survival difference after the second year ( Fig. 41-4). The observation was made that perhaps patients with 
less advanced disease who would not be expected to die within a 2-year follow-up interval might benefit from CAB with longer-term follow-up. Although a large 
improvement in survival among patients with advanced disease had been excluded by this study, the existence of a more moderate benefit was not. The Prostate 
Cancer Trialists also concluded that the absence of survival benefit did not preclude a potential palliative benefit and improved QOL. This study is open to several 
critiques. One objection of interest is based on the fact that patients in the analysis published to date were uniformly maintained on therapy until death. Was it 
possible that the benefit of CAB occurs during the hormone-dependent phase of the disease and that this preservation of survival benefit depends to some degree on 
the withdrawal of the antiandrogen on documentation of progression to eliminate the possible confound of antiandrogen stimulation? The Prostate Cancer Trialists 
Collaborative Group planned to update results in 1997 with inclusion of new studies and extended follow-up of existing studies. As of this writing, the updated analysis 
has not yet been published, but a preliminary evaluation has appeared ( 97). The sample for analysis now includes more than 8,000 patients with 6,000 deaths and 
includes the NCI 0105 study. No significant survival improvement among patients receiving CAB was confirmed. At 5 years, the survival improvement with androgen 
blockade was 2%, and this dropped to 1% at 10 years. CPA had a worse survival curve than flutamide and nilutamide, but even when it was excluded from analysis, 
the addition of antiandrogen improved 5-year survival from 24.7% to only 27.6%. Taking the widest confidence limits, the 5-year survival was improved by somewhere 
between 0% and 5% by the antiandrogen.

FIGURE 41-4. Overall survival among eligible patients with follow-up according to treatment assignment and extent of disease. (From Eisenberger MA, Blumenstein 
BA, Crawford ED, et al. Bilateral orchiectomy with or without flutamide for metastatic prostate cancer. N Engl J Med 1998;339:1040–1041, with permission.)

Although the first cycle of the analysis in 1995 found that CAB gave no survival advantage, with the caveat of larger confidence limits that did not exclude the 
possibility of a small improvement, the latest results effectively eliminate significant benefit from CAB.

Another metaanalysis evaluated the current outcome of nine clinical trials that had in common the use of flutamide as the antiandrogen ( 98). This study also included 
the NCI 0105 trial. The analysis of 4,128 patients demonstrated a 10% difference between monotherapy and combined therapy, and this effect size was statistically 
significant. It is of interest that the NCI 0105 trial indeed had found a 10% survival benefit with flutamide; however, the NCI 1015 trial had been sized to detect a larger 
difference, 25%, parallel to the difference of the first NCI study. However, with more subjects and more events, the same difference was statistically significant in the 
CAB with flutamide metaanalysis!

The Ontario Cancer Treatment Practice Guidelines Initiative suggested that the Prostate Cancer Collaborative Group metaanalysis had a series of methodologic 
weaknesses (99,100) in data collection and statistical decisions. The Canadian group conducted an analysis based only on published data (20 studies) and showed a 
clear benefit in 2-year survival with CAB over castration alone ( 99).

A recently updated European metaanalysis reanalyzed the metaanalysis of seven trials using CAB by orchiectomy with or without nilutamide, first reported in 1994 
(101,102). With a follow-up of 52 to 78 months, the new metaanalysis showed that nilutamide added to orchidectomy significantly reduced the odds for disease 
progression by 17% and death from any cause by 16%, compared to orchidectomy alone. The reduction in the risk of death from cancer (16%) almost attained 
significance. Combination therapy also produced greater improvements in bone pain, tumor markers, and the response rate compared to orchidectomy alone ( 101). 
The authors commented that, in contrast to the Prostate Trialists ( 96) metaanalysis, they included only studies with similar methodology, inclusion and efficacy 
criteria, and follow-up period.

Another metaanalysis from the United States assessed the survival benefit associated with CAB ( 103). This analysis included only randomized controlled studies 
published as full articles and providing sufficient survival data; nine suitable studies were identified. CAB produced a significant overall and progression-free survival 
advantage compared to castration alone (16% to 22% and 23% to 26%, respectively) and also significantly increased the proportion of patients with objective tumor 
responses.

Last, an Agency for Health Care Policy and Research report completed in 1999 reached four conclusions and is reproduced verbatim ( 104):

1. There is no statistically significant difference in survival at 2 years between patients treated with CAB or monotherapy. Metaanalysis of the limited data available 
shows a statistically significant difference in survival at 5 years in favor of CAB. However, the magnitude of this difference is of questionable clinical significance. 
Eighteen trials (n = 5,485) reported no significant difference in overall survival, including the largest single trial (INT-0105), conducted by the SWOG, which 
included 1,382 patients. Three trials (n = 1,386) reported a statistically significant difference in overall survival favoring the CAB arm. The reported advantage in 
median survival ranged from 3.7 to 7.0 months; the advantage in the 5-year survival ranged from 3% to 9%. The metaanalysis found no difference between 
monotherapy and CAB in overall survival at 2 years (hazard ratio, 0.970; 95% CI, 0.866 to 1.087). There was an advantage in overall survival for CAB at 5 years 
(hazard ratio, 0.871; 95% CI, 0.805 to 0.942).

2. Only ten trials reporting 2-year survival also reported 5-year survival, which represents 66% of the patients in the metaanalysis. The results of sensitivity 
analyses suggest that if complete 5-year data were available, the magnitude of benefit from CAB would not be of greater clinical significance. The estimated 
combined hazard ratio for 5-year survival from all trials was 0.9146 for CAB compared to monotherapy (95% CI, 0.8461 to 0.9887).

3. For patients in a subgroup with good prognosis, there is no statistically significant difference in survival between CAB and monotherapy. Only six trials reported 
outcomes stratified by prognostic group. Two trials reported that CAB was of greater benefit than monotherapy for patients with good prognostic factors but did 
not report whether these results were statistically significant. Three other trials, which reported on both good and poor prognostic subgroups, found no 
statistically significant difference in outcome between treatment arms for either subgroup. The SWOG INT trial (INT-0105), the only trial prospectively designed 
and adequately powered to compare outcomes for good-risk patients, also found no significant difference in survival between CAB and monotherapy.

4. There is no statistically significant difference in survival among patients given CAB with different nonsteroidal antiandrogens. Of the three trials that reported a 
statistically significant difference in survival favoring CAB, two used flutamide and one used nilutamide. The metaanalysis found that CAB using flutamide or 



nilutamide appears to be equivalent. The hazard ratio is 0.878 (95% CI, 0.564 to 1.368) in trials using nilutamide and 0.945 (95% CI, 0.779 to 1.147) in trials 
using flutamide. In the only trial that directly compared two different regimens for CAB, there was no statistically significant difference in survival between men 
given flutamide or bicalutamide (hazard ratio, 0.87; 95% CI, 0.72 to 1.05) ( 17).

5. The evidence comparing adverse effects is limited but favors monotherapy over CAB. Evidence comparing QOL was available from only one study and also 
favored monotherapy. Patients randomized to CAB (10%) withdrew from treatment due to adverse effects more frequently than patients randomized to 
monotherapy (4%). The other evidence comparing adverse effects of these treatments is limited. The available evidence is inconsistent with respect to which 
adverse effects are reported and how these adverse effects are measured. In the recent SWOG trial (INT-0105) substudy, the only trial that compared QOL end 
points, patients randomized to CAB reported more problems with emotional functioning and diarrhea than those randomized to monotherapy.

TENTATIVE CONCLUSIONS

What is the urologist to make of all of this data and analytical and statistical gymnastics? It is clear that CAB has not been a major advance in the treatment of 
metastatic prostate cancer. It certainly has fallen short of any analogy to the “home run” that had originally been attributed to its benefits, when first applied clinically in 
a small select series of patients. Some would doubt that it could even be suitably described as a “base hit.” However, there still lingers evidence that for some patients 
it might be useful: those patients receiving medical castration, those with minimal disease burden, and those with other, as yet unidentified, characteristics. Surgical 
castration monotherapy clearly does not benefit from the addition of flutamide by virtue of NCI 0105 results. Should combination androgen deprivation therapy be 
used when medical castration with an LHRHa is used, a conclusion consistent with NCI 0036 and EORTC 3085? Is medical castration identical to surgical castration 
such that the results of the NCI 0105 trial using surgical castration monotherapy can be extended to the use of medical castration monotherapy? As already noted, a 
castrate testosterone level may not universally follow LHRHa therapy, and response to surgical castration has been reported after LHRHa therapy ( 105). There may 
be a biologic difference between surgical and medical castration. LHRH and LH are decreased with LHRHa but increased after orchiectomy. Prostate cells display LH 
receptors, and cellular activity may be influenced ( 20,21,106). The question of whether surgical castration studies can be extended to LHRHa is critical, as LHRH 
analog administration is the preferred form of androgen deprivation ( 107). Patient preference studies and physician preference studies, which span the decade of the 
1990s, have shown that medical castration is preferred to surgical castration. Is the blockade of potential miniflares with each LHRHa injection rationale for CAB? This 
may be especially pertinent when intermittent androgen blockade is being used where the initial exaggerated flair response with each resumption of LHRHa therapy 
might be expected.

The current information provides evidence that surgical castration and the antiandrogen flutamide are not better than castration monotherapy. Can this be extended to 
the use of other antiandrogens as well? Bicalutamide has not been used in combination versus monotherapy studies. However, nilutamide has been used in 
combination with surgical castration and has shown statistical advantages over monotherapy, as already discussed. However, nilutamide is infrequently used due to 
its side-effect profile. In the final analysis, one must conclude that, at best, CAB produces only a small improvement in survival or benefits significantly only a small 
proportion of those so treated. A small but statistically significant difference in a large group of patients in a clinical trial (or a metaanalysis) may well hide a few 
patients for whom the benefit is substantial. Nevertheless, identification of this favored subgroup is not possible by current prognostic parameters.
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INTRODUCTION

For nearly six decades, the preferred primary treatment for advanced prostate cancer has been continuous suppression of testicular androgen production by medical 
or surgical castration (1,2). Although androgen deprivation is effective in inducing tumor regression in the large majority of cases, essentially all patients will develop 
progressive disease as indicated by rising prostate-specific antigen (PSA) levels, new lesions on radiologic studies, and, eventually, worsening symptoms. In addition, 
androgen deprivation may be associated with a variety of side effects, including hot flashes, fatigue, loss of lean muscle mass, sexual dysfunction (impotence and loss 
of libido), and cognitive changes or depression in some patients. Patients who have received long-term hormonal therapy may also develop anemia and, possibly, 
significant osteoporosis with the attendant risk of bone fracture ( 3,4). Finally, castration achieved by the use of luteinizing hormone releasing hormone (LHRH) 
agonists (with or without the addition of an antiandrogen) is very expensive. For these reasons, strategies that minimize the use of these agents could potentially 
lower the morbidity and cost associated with the treatment of advanced prostate cancer.

The observations that continuous androgen deprivation is not curative and may be associated with adverse effects, which compromise patient quality of life, have led 
to the search for alternative hormonal therapies. The general goals of these alternative approaches have been to increase the duration of effectiveness of hormonal 
intervention and to abrogate or eliminate common short- and long-term toxicities. The search for new methods of increasing the effectiveness of androgen deprivation 
has taken on particular urgency in the PSA era, because many patients are now being diagnosed with advanced or progressive prostate cancer on the basis of a 
rising PSA alone in the absence of objective evidence of recurrent disease or disease progression. Hormonal therapy is being used earlier in the course of the 
disease in many such patients, and these men may potentially be exposed to androgen deprivation for years. In the past, most patients receiving androgen 
deprivation had symptomatic metastatic disease and relatively short anticipated survival, but many patients now being treated with hormonal therapy are 
asymptomatic (or minimally symptomatic) and may survive for years. Thus, any long-term side effects of androgen deprivation may be particularly problematic in this 
patient population. It has been hoped that the development of alternative hormonal interventions might lead to enhanced antitumor efficacy as well as improvements 
in side effect profile.

INTERMITTENT ANDROGEN DEPRIVATION

Preclinical Observations

There is now accumulating experimental evidence to suggest that the progression of prostate cancer from an androgen-dependent to androgen-independent state 
represents an evolutionary process driven at least in part by androgen deprivation. A number of potential cellular and molecular mechanisms may mediate the 
progression of tumor cells to the androgen-independent state, including preferential expansion of clones of androgen-independent cells that already exist at the time 
that hormonal therapy is initiated, adaptation of tumor cells so that androgen-repressed proteins (i.e., growth factors or transcription factors) are up-regulated, or 
activation of alternative pathways involved in androgen receptor signaling ( 5). One or more of these mechanisms probably operates in any given case of progressive 
prostate cancer, and identifying the precise molecular alterations fundamental to the development of androgen-independent disease is a major focus of current 
research.

It has been suggested that the progression to androgen independence may begin shortly after the initiation of androgen deprivation. In the 1970s, Noble reported 
that, in an androgen-dependent rat breast tumor model, intermittent endocrine therapy delayed the time to hormonal independence and postulated that intermittent 
androgen replacement (even in small amounts) could preserve the hormonal sensitivity of target tumor tissues ( 6). Subsequent studies in the Shionogi carcinoma cell 
line demonstrated that androgens are required for differentiation of parent stem cells ( 7). Once androgen-dependent tumor cells have undergone apoptosis 
(programmed cell death) in response to androgen deprivation, the remaining stem cells may rapidly evolve to an androgen-independent state. It therefore has been 
hypothesized that the reinstitution of androgen stimulation before this evolution may generate tumor cells still capable of responding to androgen deprivation ( 6). In 
fact, intermittent androgen deprivation (IAD) prolongs the time to evolution of androgen-independent Shionogi tumor cells, suggesting that this approach may have 
clinical use (7,8). Other studies in the LNCaP human prostate tumor cell model also demonstrate up to threefold prolongation of hormonal sensitivity through the use 
of IAD (9).

Another mechanism that tumor cells may use to escape androgen dependence is activation of autocrine or paracrine growth factor signaling pathways that provide a 
proliferative stimulus in the absence of androgen. For example, in the LAPC4 human prostate tumor model system, up-regulated expression of the Her2/neu receptor 
tyrosine kinase occurs with serial passage of tumor cells in severe combined immunodeficiency mice ( 10). In these preclinical models, overexpression of Her2/neu 
appears to activate androgen receptor signaling pathways despite very low levels of androgen and also increases tumor cell proliferation in vitro and in vivo. The 
relevance of these observations to human prostate cancer requires confirmation.

Other growth factor receptor systems, such as epidermal growth factor and receptor, vitamin D3, transforming growth factor beta, and insulinlike growth factor 1, have 
been investigated in cell line and animal studies and may be altered in the evolution of androgen independence ( 11). Thus, prolonged androgen deprivation may 
provide the stimulus for activating signaling pathways otherwise dormant in prostate tumor cells, and intermittent replacement of androgen may, at least in theory, 
inhibit the biochemical switch leading to the activation of such pathways.

Clinical Studies

The previously mentioned preclinical data, coupled with a desire to minimize the side effects and cost of androgen deprivation therapy, have provided the impetus for 
a number of clinical trials exploring the use of IAD in men with advanced prostate cancer ( 12,13,14,15,16,17,18,19,20 and 21). Most of these studies have been 
single-institution phase II pilot trials, but they do provide valuable information regarding the timing, efficacy, and toxicity profile of IAD.

The first trial to examine the effects of IAD on patients with advanced prostate cancer was a retrospective review of 20 patients treated with intermittent 
diethylstilbestrol (DES) in the early 1980s ( 12). Patients were treated with DES until a clinical response occurred, and then the drug was discontinued until 
progressive disease became apparent. All patients responded to at least two cycles of therapy, and the median time off treatment was 8 months. In addition, the 
authors noted return of sexual function in many patients and suggested an improved quality of life.

Since this initial observation and the subsequent development of LHRH agonists, several studies have examined IAD in the PSA era ( Table 42-1). Most of these trials 
have used a treatment scheme in which patients are treated with an LHRH agonist (with or without an antiandrogen) until serum PSA becomes undetectable or a nadir 
less than 4 ng per mL is reached, at which time androgen deprivation is stopped. In addition, patients usually receive androgen deprivation during the initial cycle for 
at least 6 to 9 months. Androgen deprivation is resumed once the PSA climbs to an arbitrarily fixed level (often 50% of the initial pretreatment value or an absolute 



value greater than 5 to 10 ng per mL) or clinical evidence of disease progression is noted.

TABLE 42-1. SELECTED TRIALS USING INTERMITTENT ANDROGEN DEPRIVATION

As can be seen in Table 42-1, currently more than 300 patients treated with IAD have been reported, and a number of pertinent observations can be made. First, most 
studies have been comprised of a heterogeneous group of patients, including those with localized disease, metastatic disease, or biochemical relapse after primary 
therapy for localized prostate cancer. The precise method of androgen deprivation has also varied, although the majority of patients has received combined androgen 
blockade with an LHRH agonist and an antiandrogen. Finally, although time to disease progression and time spent in “off” cycles are commonly reported, few survival 
data are as yet available.

Despite the previously mentioned caveats, the reported trials of IAD have shown relatively uniform results with regard to treatment efficacy. First, most patients 
typically experience 6 to 9 months “off” therapy during the initial cycle, although the time “off” during subsequent cycles may decrease somewhat. However, there is 
wide variation in the amount of time patients spend without androgen deprivation, and some patients may experience holidays lasting 3 years or longer, particularly 
those who have localized disease or serologic (PSA) recurrence without objective evidence of metastases at the time therapy is initiated. It should be noted, however, 
that the amount of time spent in “off” cycles is directly dependent on the trigger (PSA level) used to resume androgen deprivation. On average, most patients appear 
to spend 40% to 60% of the total treatment time in “off” periods during the first cycle.

Importantly, the vast majority of patients (greater than 90%) will continue to respond to androgen deprivation when it is resumed after the first cycle. Initial data 
suggest that the time to hormone independence is comparable to or greater than that achieved in patients treated with continuous androgen deprivation, although 
more experience with IAD is required to ascertain this with certainty. Randomized trials currently in progress are directly comparing the efficacy of IAD and continuous 
androgen deprivation, and the time to hormonal independence will be an important end point in these studies.

Preliminary data are also available regarding quality of life in patients treated with IAD. Serum testosterone levels often return to the normal range after a median of 3 
to 4 months, and, coincident with this, some patients report a reduction in symptoms associated with androgen deprivation during the off periods ( 12,14,19). Energy 
level and sense of well being were reported to improve in more than 50% of men during off periods in one trial, and more than 60% had resolution of hot flashes ( 22). 
Other troublesome side effects, such as weight gain, may also be ameliorated ( 14,22). Patients who are potent before initiating therapy, particularly younger patients, 
may recover libido and adequate sexual function during off cycles ( 12,14,22). Thus, at least a subset of patients appears to have enhanced quality of life with the use 
of IAD, although larger formal studies are required to determine the magnitude and duration of quality of life improvements achievable with this treatment modality.

IAD may also help to preserve bone mass in patients at risk of developing osteopenia. One study has reported bone density in abstract form in a cohort of patients 
treated with IAD. Bone density declined significantly during the first cycle of androgen deprivation, but there was partial recovery of bone mass or at least stabilization 
of bone loss during off cycles (23). If bone density can be preserved over multiple treatment cycles, then this could provide a significant advantage for IAD over 
continuous androgen deprivation, because emerging evidence indicates that many men will develop osteoporosis with standard hormonal therapy ( 4).

The most important unresolved clinical question regarding the use of IAD is its potential impact on survival (beneficial or adverse) in comparison with continuous 
androgen deprivation. One small nonrandomized trial has reported survival times of 5.1 years for patients with locally advanced tumors and 4.3 years for those with 
metastatic disease (24), data consistent or (perhaps) better than what one would expect with continuous androgen deprivation. Randomized multiinstitutional trials are 
currently under way in the United States and Europe to determine the comparative efficacy of IAD and continuous androgen deprivation. In North America and 
Europe, one international trial is comparing IAD with continuous androgen deprivation in men with metastatic prostate cancer, while in Europe a prospective 
randomized trial (the RELAPSE study) has been initiated in men with PSA relapse after radical prostatectomy. Both studies are comparing time to tumor progression, 
survival, and quality of life among treated patients, and the information from these trials will be crucial in determining the precise role of IAD in the future treatment of 
patients with advanced prostate cancer.

Another unresolved issue surrounding the use of IAD is the appropriate selection of patients for this modality. For example, initial extent of disease, Gleason score, 
PSA doubling time, and time to relapse after primary therapy may influence the use of IAD ( 19), and the importance of these factors in predicting the efficacy of IAD 
needs to be determined. In addition, it will be important to ascertain the fraction of men who recover normal testosterone levels during off cycles, because this will 
influence to a great extent the likelihood that quality of life will be improved. It is possible that age may play an important role in this regard, because older patients 
(older than 70 years) may be less likely to recover testicular function after 6 to 12 months of androgen deprivation ( 21).

In the absence of randomized data, IAD can be regarded as a reasonable treatment option in men with prostate cancer, provided patients are fully informed of the 
investigational nature of the therapy. We consider the use of IAD in patients who are not appropriate candidates for definitive local therapy because of age or 
co-morbid medical conditions but are at significant risk for disease progression, patients with localized disease who elect to receive androgen deprivation as their 
initial treatment strategy, patients with local or biochemical relapse after primary local therapy, and patients with metastatic disease who have a relatively low systemic 
tumor burden and a prompt response to initial androgen deprivation. In general, we follow a treatment algorithm similar to published strategies ( Fig. 42-1). Patients 
receive initial androgen deprivation for at least 6 to 9 months if a PSA nadir of less than 1 ng per mL (PSA relapse) or 4 ng per mL (metastatic disease) is achieved 
and maintained cessation of therapy occurs. Patients have the serum PSA monitored once every 1 to 2 months, and androgen deprivation is resumed when the PSA 
reaches approximately 50% of its starting value or a level greater than 5 to 10 ng per mL. (Others have restarted hormonal therapy at a predetermined level, such as 
4 ng per mL.) Patients receive bone scans or other appropriate imaging studies as clinically indicated. In our experience, this is a safe therapeutic strategy that can be 
easily implemented in the clinic setting, but we would again emphasize that the approach remains experimental until randomized data are available, and close clinical 
follow-up of patients is required.

FIGURE 42-1. Algorithm for intermittent androgen deprivation in selected patients with prostate cancer. LHRH, luteinizing hormone releasing hormone agonist; PSA, 
prostate-specific antigen. *PSA nadir should be <1 ng/mL (and preferably undetectable) in those with PSA relapse after primary therapy, or <4 ng/mL in patients with 



metastatic disease.

PERIPHERAL ANDROGEN BLOCKADE

Peripheral androgen blockade, also sometimes termed potency-sparing hormonal therapy, refers to the use of agents that inhibit the action or production of 
testosterone or dihydrotestosterone (DHT) at the cellular level without lowering serum testosterone concentrations. Most commonly, peripheral androgen blockade 
involves the use of antiandrogen agents alone, finasteride alone, or a combination of an antiandrogen with finasteride. As with IAD, peripheral androgen blockade is 
an investigational approach that aims to effectively treat prostate cancer and at the same time avoid the potential side effects of standard androgen deprivation 
(medical or surgical castration). However, unlike IAD, peripheral androgen blockade has in general been associated with inferior clinical outcomes in patients with 
advanced prostate cancer when compared with continuous androgen deprivation, and its use cannot be recommended outside the investigational setting.

Antiandrogen Monotherapy

Nonsteroidal antiandrogens such as flutamide, bicalutamide, and nilutamide inhibit the binding of testosterone and DHT to the androgen receptor peripherally and 
centrally (25,26). In theory, nonsteroidal antiandrogens should be as effective as castration in the treatment of prostate cancer, although there is a risk that substantial 
elevations in serum testosterone may overcome their inhibitory effect. The published experience with antiandrogen monotherapy would suggest that this approach 
may be inferior to standard androgen deprivation in patients with advanced prostate cancer.

Several phase II studies have examined the use of antiandrogen monotherapy in patients with advanced prostate cancer ( Table 42-2). In the late 1970s, soon after 
the development of flutamide, Sograni and Whitmore reported their experience using this agent alone in the treatment of metastatic prostate cancer ( 27). They noted 
that “favorable” clinical responses occurred in 19 of 21 patients treated with 250 mg of flutamide three times daily and concluded that flutamide monotherapy was 
worthy of further investigation. Additional studies by Lundgren ( 28), MacFarlane and Tolley (29), and Delaere and Van Thillo ( 30) also reported favorably on the use of 
flutamide monotherapy, although, in general, the number of patients responding to flutamide alone was less than would be expected with androgen deprivation. These 
reports do indicate that flutamide monotherapy is usually better tolerated than androgen deprivation, with the most common side effects being breast pain and 
enlargement as well as diarrhea. In addition, a majority of patients with potency before the initiation of therapy may preserve sexual function. Significant increases in 
serum testosterone level are commonly reported and, as noted earlier, may represent a mechanism of treatment resistance.

TABLE 42-2. SELECTED TRIALS USING ANTIANDROGEN MONOTHERAPY

Bicalutamide has also been examined as a single agent. In one multicenter trial, 151 men with previously untreated metastatic prostate cancer received 50 mg of 
bicalutamide daily (31). Fifty percent of symptomatic patients (30 of 60) had subjective improvement, although only 39% of patients had a greater than 90% decline in 
serum PSA or declines of PSA into the normal range. In addition, the median duration of response was only 34 weeks, significantly less than anticipated with 
androgen deprivation. As expected, breast tenderness (76%) and gynecomastia (60%) were the most frequent adverse events.

More recently, Scher and colleagues used high-dose bicalutamide (150 mg daily) to treat 53 men with androgen-dependent prostate cancer ( 32). They found that 88% 
had significant reductions (more than 80%) in serum PSA, and 48% had improvements in bone scan with a median time to progression of 14 months. However, only 
one-third of patients responded to gonadal androgen suppression after disease progression occurred, and it is not clear whether the overall response rates and 
duration of response are comparable with castration. In addition, toxicity was perhaps higher than anticipated: Only 6% of patients with normal pretherapy sexual 
function reported the maintenance of normal libido, and only 17% reported normal erections. Hot flashes occurred in 40%, breast tenderness in 59%, and 
gynecomastia in 72%.

Some randomized comparisons of antiandrogen monotherapy and gonadal androgen deprivation have been performed ( 33,34,35 and 36). In the 1970s and 1980s, 
several European studies reported that flutamide had an equivalent response rate to 1 to 3 mg of DES daily ( 33,34). However, an Eastern Cooperative Oncology 
Group study found that overall and failure-free survival were inferior when flutamide was compared with 3 mg of DES daily ( 35). More recently, a large, randomized, 
multicenter trial compared 50 mg of bicalutamide alone (n = 243) to surgical castration or use of an LHRH agonist (n = 243) ( 36). Patients receiving castration had a 
significantly better PSA response proportion, with 47% achieving PSA normalization compared to 17% in the bicalutamide arm. More important, patients treated with 
bicalutamide had a higher likelihood of treatment failure during the follow-up period, although median survival had not been reached in either group at the time of 
publication. Patients in the bicalutamide group did have relatively improved quality of life in the areas of libido and sexual function, but at 1 year there were no 
significant differences between groups in terms of overall health, emotional well-being, and social functioning. In contrast, in a separate review of two high-dose 
bicalutamide trials performed in Europe, patient well-being as measured by subjective response to therapy was improved in those treated with bicalutamide, compared 
to those receiving standard androgen deprivation ( 37).

In aggregate, data on antiandrogen monotherapy indicate that this treatment modality can produce PSA responses and objective improvement in some patients with 
advanced prostate cancer. In addition, the side effect profile appears to be favorable, and preservation of sexual function occurs in a majority of men who are potent 
at the time therapy is initiated and who are treated with standard doses of antiandrogen. However, some evidence suggests that duration of response and perhaps 
survival may be compromised with this approach, especially in patients with metastatic disease, and it cannot be recommended outside of the setting of a clinical trial. 
Further investigation of antiandrogen monotherapy in patients with localized disease or PSA relapse after primary therapy may be warranted, however, because in 
this group of patients some might elect a therapy with reduced effectiveness if gains in quality of life were sufficient.

Finasteride Monotherapy

Finasteride is a 4-azasteroid competitive inhibitor of 5a-reductase that blocks the conversion of testosterone to the physiologically more potent androgen DHT ( 38). 
Finasteride monotherapy reduces intraprostatic concentrations of DHT and can induce regression of normal prostate epithelium in humans, dogs, and rats ( 39,40). 
Large randomized trials using finasteride to treat benign prostatic hyperplasia have shown that it is effective and well tolerated, with adverse events occurring in less 
than 5% of men (41). In particular, sexual potency is preserved in almost all men taking finasteride.

Because finasteride limits the intracellular concentration of DHT, it in theory may have efficacy as an antitumor agent in patients with advanced prostate cancer. 
Indeed, in vitro experiments with 5a-reductase inhibitors have demonstrated a growth-inhibitory effect in some prostate cancer cell lines ( 42,43), suggesting that these 
drugs may have clinical use.

These in vitro data, coupled with finasteride's favorable side effect profile, have led to its investigation in the treatment of prostate cancer. Unfortunately, the results of 
the few reported studies have been largely disappointing. In a small multicenter, randomized, double-blind placebo-controlled trial, Presti and colleagues compared 
finasteride and placebo for the treatment of men with asymptomatic metastatic prostate cancer (44). They found that finasteride produced minor decreases in serum 



PSA (15% decline) after 6 weeks of therapy, although there was no significant evidence for objective antitumor activity. In addition, those patients with a positive bone 
scan had no decrease in serum PSA. These results are much less than expected with medical or surgical castration and suggest that, in patients with advanced 
disease, finasteride monotherapy has minimal (if any) effectiveness.

Finasteride has also been investigated in patients with PSA recurrence after radical prostatectomy. Andriole and associates treated 120 men who had prior radical 
prostatectomy, serum PSA levels between 0.6 and 10.0 ng per mL, and no evidence of metastatic disease on imaging studies with finasteride or placebo for 1 year 
(45). Finasteride appeared to delay PSA progression for up to 9 months and slow the rate of PSA rise for 6 months thereafter, although there was not a statistically 
significant difference in the rates of objective tumor recurrence. Subset analysis did suggest that men with low initial PSA values derived the greatest benefit in terms 
of PSA decline or stabilization.

As with antiandrogen monotherapy, there is little evidence to support the routine use of finasteride alone, particularly in patients with metastatic disease. The use of 
finasteride may be considered in patients with PSA progression after primary therapy for localized prostate cancer who do not wish to pursue more aggressive or 
investigational therapies, but it is not clear whether finasteride in this setting provides a significant clinical benefit.

Combined Antiandrogen and Finasteride Therapy

In addition to their use as monotherapies, antiandrogens and finasteride have been used in combination to treat patients with hormone-dependent prostate cancer. It 
has been hypothesized that the combination of an antiandrogen with finasteride may be synergistic, with finasteride lowering DHT levels and the antiandrogen 
blocking the effects of any residual DHT. The combination should also spare potency, because serum testosterone levels should be unaffected or increased. In the 
Sprague-Dawley rat, in fact, treatment with finasteride and flutamide results in significantly less prostate growth than use of either agent alone, although combination 
therapy does not reduce prostate size as much as castration ( 46).

Combination finasteride and flutamide therapy has been investigated in patients with hormone-dependent prostate cancer ( Table 42-3). Ornstein and colleagues 
treated 13 men with metastatic disease or PSA relapse after radiation therapy and noted PSA normalization in 85% of patients, with 46% achieving an undetectable 
level (47). These results were duplicated by Brufsky and colleagues in a similar patient population ( 48). In 22 patients with locally advanced or stage D1 disease, 
Fleshner and Trachtenberg reported that 95% had significant declines in PSA, and 86% maintained potency ( 49). In addition, 66% of patients had ongoing clinical 
and PSA responses 24 months after initiating therapy. Thus, the combination of flutamide and finasteride may have acceptable activity against hormone-dependent 
prostate cancer, although its use compared to standard androgen deprivation cannot be assessed in the absence of randomized clinical trials. The use of an 
antiandrogen and finasteride in patients with metastatic prostate cancer must be considered investigational and generally should be undertaken only in the context of 
a clinical trial or if the patient does not wish to pursue androgen deprivation and is aware that this therapy is not standard treatment.

TABLE 42-3. TRIALS OF FLUTAMIDE AND FINASTERIDE FOR ADVANCED PROSTATE CANCER

TRIPLE ANDROGEN BLOCKADE

Triple androgen blockade refers to the concomitant use of medical or surgical castration, an antiandrogen, and finasteride for the treatment of advanced prostate 
cancer. Although the use of “triple” therapy may intuitively seem reasonable, there are in fact no preclinical data to suggest that this approach is superior to more 
standard androgen deprivation. In addition, no peer-reviewed publications exist to support this approach or even to describe its clinical impact. An uncontrolled, 
nonrandomized study reported in abstract form suggests that, in patients treated with IAD, those patients who received triple androgen blockade followed by 
maintenance finasteride during the off period had a significantly larger time “off” hormones before receiving androgen deprivation than patients treated with an LHRH 
agonist plus an antiandrogen alone ( 50). Whether this effect reflects true anticancer activity as opposed to suppression of PSA only is not known. Because the 
response proportion observed with standard combined androgen blockade is high and reasonably durable, the impact of adding finasteride, if any, is likely to be 
detected only in the context of a (prohibitively) large randomized clinical trial. Potential unproven benefits of such an approach must be weighed against increased 
cost and potential but as yet not reported toxicities.
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INTRODUCTION

Huggins and Hodges, in 1941, first reported the therapeutic efficacy of androgen deprivation in the treatment of advanced CaP ( 1). Although there is controversy over 
whether the addition of an antiandrogen to testicular androgen deprivation (total androgen blockade) improves outcome, it is not controversial that androgen 
deprivation is the primary approach to advanced disease ( 2,3,4 and 5). Unfortunately, despite response rates of 80% to 90%, nearly all men will develop progressive 
disease after an average of 18 to 24 months. It is at this point that second line hormone therapy should be considered. This chapter focuses on the growing number of 
options available to this patient population.

Changing Spectrum of Disease

Men with CaP who progress while on androgen deprivation are referred to as having hormone-refractory  (HRPC) or androgen-independent CaP. This category 
encompasses a broad spectrum of disease as well as divergent response to second line therapy. In the 1970s, before the availability of prostate-specific antigen 
(PSA) testing and the early use of hormonal therapy, men with HR disease usually presented with widespread symptomatic metastatic disease. Today, most men are 
diagnosed as having progressive disease based on a rise in PSA. Consequently, it is common for the patient to be asymptomatic and often initially without evidence 
of progression on radiographic studies. Furthermore, with the common practice of initiating androgen deprivation in men with a rising PSA after curative intent 
prostatectomy or radiation therapy, an increasing number of men with HR disease have “PSA only” disease and no demonstrable distant disease. Furthermore, it is 
now apparent that men with progressive disease are not necessarily HR and that populations of tumor cells with androgen-dependent growth may persist. It is now 
appreciated that there is a variable transition from hormone-sensitive to hormone-responsive to truly HR disease and that during this transition hormone therapies 
aimed at alternate forms of androgen deprivation may be beneficial ( 6). Certainly the use of alternative hormonal therapies is especially attractive in the asymptomatic 
and “PSA only” patients in whom more toxic therapies might be undesirable.

Changing End Points

Assessment of response in CaP patients can be difficult owing to the nature of the disease. CaP most commonly metastasizes to bone, which is difficult to assess for 
response owing to the long lag time for bone lesions to heal, variability in interpretation of bone scans, and occasional “flare” responses, whereby a scan looks worse 
despite clinical or biochemical response ( 7,8). Bi-dimensionally measurable disease, although easy to assess for response, is only present in 10% to 20% of patients 
(9). On the other hand, PSA levels are elevated in 95% of men with advanced disease. Consequently, the use of posttherapy changes in the PSA has been adopted 
by most investigators as a surrogate end point for response, despite inadequate prospective validation ( 10). Justification for its use is derived from retrospective and 
prospective analyses of PSA changes in men treated in clinical trials that show improved survival in men whose PSA declines by more than 50% ( 11,12 and 13). 
Although for certain drugs there may be some discordance between PSA decline and tumor growth ( 14), it has now been generally adopted that in phase II trials in 
androgen-independent CaP, one end point to be reported is the percentage of men whose PSA declines at least 50%, confirmed by a second PSA value 4 or more 
weeks later (15). There has also been a heightened focus on palliation of pain as a clinically relevant end point irrespective of other disease parameters ( 10,16). As a 
consequence of these changes in disease assessment and a desire to more broadly assess a new therapy's efficacy, the standard classification of responses as 
complete or partial response, stable disease, and progressive disease are considered inadequate. Instead, there is a trend for investigators to report separately 
decline in PSA, measurable disease response, bone-scan response, and symptomatic response ( 10,17). Changes in how we report outcomes may make it difficult to 
assess the “true” value of certain drugs that have been in use for many years (i.e., prednisone) and occasionally justify the reassessment of an old drug using the 
newer response criteria (18).

CONTINUATION OF PRIMARY TESTICULAR ANDROGEN DEPRIVATION

The role of continued androgen suppression in the face of progressive disease remains controversial. Exogenous testosterone has been demonstrated to exacerbate 
disease in the setting of metastatic disease. Fowler and Whitmore ( 19) reported on 52 men with advanced disease treated with testosterone propionate. Of these 
men, objective and subjective unfavorable responses were documented in three of four with hormone-naïve disease, 9 of 14 were in symptomatic remission, and 33 of 
34 in symptomatic relapse after endocrine therapy. All but two patients had prompt symptomatic improvement after stopping the androgen.

Chao and Harland (20) reported on three men progressing on endocrine therapy who, after an initial response to chemotherapy, had rising PSA that again declined 
when androgen deprivation was reinstituted and chemotherapy continued, suggesting that there may be persistent population of hormone-sensitive tumor cells 
despite overall progressive disease. Silver et al. ( 21) further demonstrated rises in serum testosterone and coinciding rises in PSA in three men progressing after 10, 
16, and 30 months on goserelin acetate after discontinuation of the luteinizing hormone releasing hormone agonist (LHRHa). Orchiectomy resulted in reduction in 
PSA and testosterone in all three men, albeit short-lived decreases in two, suggesting a benefit to maintaining castrate levels of testosterone.

There are no prospective trials to assess the impact of discontinuation of testicular androgen deprivation. Two retrospective reviews showed conflicting results 
(22,23). Taylor et al. (22), in a retrospective multivariate analysis, reported on survival data on 341 patients with HRPC treated in four clinical trials. Factors included 
in the model were weight loss, age, performance status, disease site, prior radiotherapy, and continued androgen suppression. Controlling for the first three variables, 
which were all of prognostic importance, continued testicular androgen suppression was associated with a modest median survival benefit of 2 to 6 months. Hussain 
et al. (23), in a review of 205 men treated on five consecutive Southwest Oncology Group phase II trials, showed no obvious survival benefit to continued androgen 
suppression. However, only 33 patients (16%) had no prior orchiectomy.

Despite the lack of prospective clinical data, in a survey of 35 established investigators in HPRC clinical trials, 82% required continued testicular androgen 
suppression for patients enrolling on protocol ( 10). Furthermore, the 1999 published guidelines from the PSA Working Group for eligibility criteria for phase II trials in 



androgen-independent CaP (AICaP), recommended that all patients who have not undergone surgical castration should be continued on testicular androgen 
suppression (15).

ANTIANDROGEN WITHDRAWAL SYNDROME

In 1993, Kelly and Scher first reported on three men progressing on androgen deprivation who, after discontinuation of flutamide, had sustained PSA declines ( 24). 
They concluded that a trial of flutamide withdrawal is justified in an asymptomatic man with a rising PSA level before initiating alternate potentially toxic second line 
therapy. This phenomenon was named the flutamide withdrawal syndrome by these same investigators. In their follow-up report of 35 progressing men, 10 (29%) 
showed a greater than 50% decline in PSA from baseline (25). The response duration was 5+ months; range was 2 to 10+ months. Palliation of pain paralleled a 
decline in PSA; however, objective tumor regression was documented in only one patient. In this initial report, responses occurred only in the setting of initial 
combined androgen deprivation. Subsequently, Small et al. reported on a retrospective review of 107 consecutive patients with metastatic disease who had flutamide 
discontinued at the time of progression ( 26). A lower rate of PSA decline was noted in 14.6%. Additionally, a withdrawal response occurred in 4 of 25 men (16%) in 
whom flutamide had been prescribed as second line therapy at the time of initial progression. Scher et al., in an overview of the subsequently termed antiandrogen 
withdrawal syndrome, reported PSA declines in 47% (74 of 159; 95% confidence interval, 38% to 54%) of men after flutamide withdrawal ( 27).

Antiandrogen withdrawal responses also occur after discontinuation of bicalutamide or nilutamide ( 28,29,30 and 31). The smaller number of reported cases in the 
literature makes it difficult to determine whether this phenomenon occurs with equal frequency. Because the antiandrogens have different half-lives, there is variation 
in the time elapsed before PSA decline. With flutamide, which has a short half-life of 5 hours, withdrawal responses are seen in 1 to 2 weeks, whereas PSA declines 
may not occur for 3 to 6 weeks with nilutamide and bicalutamide, which have longer half-lives of 56 hours and 1 week, respectively.

Withdrawal responses also occur with discontinuation of steroidal antiandrogens. Significant PSA declines have occurred in patients with advanced CaP after 
discontinuation of megestrol acetate, chlormadinone acetate, and cyproterone acetate ( 32,33,34,35 and 36). The first reported case of megestrol acetate withdrawal 
response was in a patient who had been receiving 320 mg per day for 2 years for HRPC ( 32). His PSA level dramatically declined from greater than 100 to normal and 
remained in this range for more than 1 year. Subsequent reports have shown significant declines in PSA after discontinuation of low-dose megestrol acetate (40 mg 
per day) administered to control hot flashes associated with androgen deprivation therapy ( 33,34). Akakura et al. reported two patients with significant declines in PSA 
levels after stopping chlormadinone acetate, a progestational steroid widely used in Japan for the treatment of CaP ( 35). Levels of testosterone, prolactin, 
dehydroepiandrosterone, dehydroepiandrosterone sulfate, and androstenedione were not elevated after chlormadinone acetate withdrawal to explain the 
antiandrogen withdrawal syndrome. Sella et al. reported on 12 men with progressive androgen-independent CaP in whom cyproterone acetate was discontinued at 
the time of progression (36). In 5 of 12 men, PSA levels declined. In four men (33%), the decrease exceeded 50%. All five men with decreased PSA levels had been 
receiving initial combined androgen deprivation. None of the four men receiving cyproterone acetate as a second line therapy had a decline in PSA level. One patient 
with a PSA decline had resolution of all pain. The median response duration was 24 weeks.

Responses to withdrawal of other hormones have also been reported. In one patient on diethylstilbestrol (DES), complete remission of disease persisted for 3 years 
after discontinuation of DES (37). It has now been accepted that the first therapeutic manipulation in a man with progressive advanced CaP is the discontinuation of 
his current antiandrogen or other secondary hormonal therapy. Furthermore, therapy should not be initiated until adequate time has elapsed to assess for a 
withdrawal response. This time interval is based on the half-life of the drug being stopped.

The mechanism of the antiandrogen withdrawal response is not known. The most popular hypothesis is that there is an acquired mutation in the androgen receptor 
(AR) that results in antiandrogens now having a stimulatory effect on prostate tumor cells. In support of this theory, in vitro experiments have documented that 
steroidal and nonsteroidal antiandrogens may stimulate the growth of LNCaP cells, a human prostate cell line with a known mutation in the hormone-binding domain 
of the AR. Cyproterone acetate, medroxyprogesterone acetate, flutamide, hydroxyflutamide, and nilutamide, as well as estradiol, have a proliferate effect on 
androgen-sensitive LNCaP cells in culture ( 38,39,40 and 41). Mutations in the AR have been demonstrated in bone marrow specimens and primary and metastatic 
tumor sites (42,43,44,45,46 and 47). Taplin et al. were able to demonstrate mutations in the AR gene in five of ten men with androgen-independent metastatic CaP 
(44). Functional studies in two of the mutant ARs showed activation by progesterone and estrogen. Fenton et al. further demonstrated that in CV-1 cells cotransfected 
with wild-type or mutant ARs and a luciferase receptor plasmid regulated by an androgen-responsive element, flutamide and nilutamide but not bicalutamide were 
agonistic to cells with the mutant receptor ( 45). Suzuki et al. demonstrated AR gene mutations in three of 22 men with endocrine therapy resistant disease ( 46). In all 
three cases, the mutation was at codon 877 (877Thr ® Ala). In the two patients for whom there was available clinical data, PSA levels fell by 95% and 72% after 
discontinuation of antiandrogen. It is apparent that not all antiandrogens react in the same way with the mutant AR. Bicalutamide has a decreased affinity for the 
receptor, increased transcript activation of the receptor, and a continued antagonist effect on prostate tumor cell growth ( 48).

Alternatively, this phenomenon may be due to previously unmasked agonistic properties of the antiandrogens or emergence of a hypersensitive clone of cells. 
Amplification of the AR gene has been shown to be common in recurrent CaP. This increased AR expression may allow tumor cells to be stimulated despite an 
androgen-deficient environment (49).

SECOND LINE ANTIANDROGENS

Antiandrogens were developed as an alternative form of endocrine ablation to avoid the adverse effects of hot flashes, loss of libido, and impotence associated with 
surgical or medical castration (50). There are two groups of antiandrogens: steroidal antiandrogens and nonsteroidal or “pure” antiandrogens.

The steroidal antiandrogens, which include cyproterone acetate and megestrol acetate, inhibit AR stimulation by interfering with AR binding. Second, they have 
progestational properties that inhibit gonadotropin secretion with resultant suppression of LH, testosterone, dihydrotestosterone, and estrogen. The nonsteroidal 
antiandrogens, which include flutamide, bicalutamide, and nilutamide, block binding to the AR but do not possess gestagenic properties. These drugs inhibit the 
negative diencephalic feedback system, and, therefore, in contrast to the steroidal antiandrogens, there is an associated increase in LHRH, LH, testosterone, 
dihydrotestosterone, and estradiol. Consequent to increases in estradiol, the normal diencephalic feedback system is progressively activated, halting the rise in 
testosterone.

Antiandrogens have been used clinically primarily in the setting of androgen-sensitive CaP. Currently, nonsteroidal antiandrogens have been U.S. Food and Drug 
Administration approved for use in combination with orchiectomy or an LHRHa as part of maximal androgen blockade (MAB) for treatment of hormone-sensitive 
metastatic disease and in combination with radiation for localized CaP. Ongoing clinical trials have also suggested their possible use as monotherapy for metastatic 
disease and as part of MAB to downstage inoperable (T3) localized disease. Antiandrogens are effective in preventing a flare of disease associated with the initial 
testosterone surge with a LHRHa. The use of antiandrogens as second line hormonal therapy can be supported based on the following currently available data.

Flutamide

Flutamide was the first of the “pure” antiandrogens. It is rapidly absorbed and metabolized to its active substance, 2-hydroxyflutamide. It has a short half-life of 5.5 
hours and is almost completely secreted in the urine. Its primary toxicities are gynecomastia or breast tenderness in one-half of patients; liver dysfunction, which has 
been fatal on rare occasion; nausea; and diarrhea.

Using the objective criteria of the National Prostatic Cancer Project, Labrie et al. reported on the first large series of men treated with flutamide after failing initial 
hormonal therapy with orchiectomy, DES, or an LHRHa (51). Of 209 men, 13 had a complete response, 20 had a partial response, and 39 patients had a stable 
disease, yielding a total response rate of 34.5%. The mean duration of response was 24 months. The median survival was 8.1 months for nonresponders and more 
than 2.5 years for responders.

In a prospective, randomized, double-blind intergroup trial of leuprolide with or without flutamide in men with newly diagnosed metastatic CaP, men initially treated 
with placebo were offered the option of receiving flutamide at the time of progression ( 3). In an analysis of 261 men progressing on study, there was no survival 
difference between men who received flutamide at the time of progression and those treated at the investigator's discretion ( 52). The median survival times of these 
two respective groups, 12.3 and 11.9 months, were similar to other treatments for HRPC.

A third trial assessed the impact of deferred flutamide on the serum PSA level in men progressing on testicular androgen deprivation ( 53). Thirty-two of 40 (80%) 
evaluable men with localized disease and 27 of 50 (54%) men with metastatic cancer had a decline in PSA of 50% or more during flutamide treatment. The actuarial 
freedom from PSA elevation was significantly longer ( p = .0054) for patients with localized disease whose PSA nadir was less than 50% of baseline compared to 



those who did not achieve this nadir. However, for men with metastatic disease, there was no difference in freedom from PSA progression based on this PSA nadir. 
Survival analyses were not done owing to too few deaths at the time of reporting.

Bicalutamide

Compared to flutamide, bicalutamide has a longer half-life of 1 week and is more potent with a binding affinity for the AR that is two to four times higher ( 54). It is well 
absorbed with a tenfold plasma concentration at all doses. The standard dose in hormone-sensitive disease is 50 mg orally once a day. Its toxicities include loss of 
libido, impotence, breast tenderness or gynecomastia, or both, in one-half of patients. Hot flashes occur in 10% to 20% of patients, and transient liver function 
abnormalities occur in less than 5%. Diarrhea occurring in 10% of men is half as frequent as reported with flutamide.

Bicalutamide is U.S. Food and Drug Administration approved as part of MAB in hormone-sensitive disease and has been approved in Europe for monotherapy in the 
same setting at a dose of 150 mg daily. Two clinical studies have evaluated the use of high-dose bicalutamide in men with HRPC. Scher et al. assessed a dose of 200 
mg per day in 51 men with HRPC. PSA declines of more than 50% were documented in 12 of 51 (24%) men (55). None of the 12 men relapsing after two or more 
hormones responded to high-dose bicalutamide treatment. Of the 39 men with only one prior hormonal manipulation, 10 of 26 (38%) with prior flutamide and 2 of 13 
(15%) without prior flutamide had a significant PSA decline. Responses were seen equally in men who had or had not experienced a response to flutamide 
withdrawal.

Joyce et al. assessed a 150 mg daily dose in this setting ( 56). Seven of 31 (22.5%) men had a greater than 50% decline in PSA. Clinically, there was significant 
improvement in performance status and decreased analgesic use. The median response duration was 4 months. Six of seven responses were in men on prior 
flutamide as a component of combined androgen deprivation for a response rate of 43% (6 of 14) in men failing flutamide.

The activity of bicalutamide in patients failing flutamide can be explained by some distinct differences between the two drugs. Bicalutamide has a longer half-life and a 
significantly increased affinity for the AR ( 54). Furthermore, unlike flutamide, bicalutamide retains its antagonistic properties for the mutant AR ( 44).

Nilutamide

Nilutamide, like the other nonsteroidal antiandrogens, blocks binding to the AR and, at high doses, may inhibit testosterone biosynthesis. The drug is nearly 
completely absorbed and has a long half-life of 56 hours. Toxicities include delayed adaptation to darkness in one-fourth of patients, nausea in 10%, reversible 
increases in hepatic transaminases in up to 8%, and alcohol intolerance in 5%. Interstitial pneumonitis, which can progress to fibrosis, has been reported in less than 
2% of patients, primarily Japanese patients. A potential beneficial effect is an increase in the proportion of high-density lipoprotein cholesterol.

Nilutamide is approved in combination with testicular androgen deprivation for advanced CaP. In HR disease, a single case report of PSA decline in a patient 
progressing after initial responses to orchiectomy and subsequent flutamide has been published to date ( 57). However, biochemical responses have been noted by 
other investigators after flutamide and bicalutamide failure (P. Schultz, personal communication, June 1999). Clinical trials to assess the true response have been 
initiated.

ESTROGEN

Estrogens were first described as a palliative therapy for advanced CaP by Huggins and Hodges in 1941 ( 1). In hormone-sensitive disease, estrogens suppress 
LHRH stimulation of the pituitary with resultant inhibition of pituitary gonadotropins and, in turn, serum testosterone. Additionally, estrogens have been experimentally 
shown to be cytotoxic in human androgen-insensitive CaP cells (DU145, 1-LN, and PC3) and androgen-sensitive CaP cells (LNCaP) ( 3). This cytotoxic effect is 
estrogen receptor independent and involves induction of cell cycle arrest at the G2 interface and apoptosis at the G2/M transition ( 58).

Low-Dose Estrogen

DES is a nonsteroidal estrogen. It has been used for the treatment of advanced CaP from the 1950s to the 1980s. Clinical trials conducted by the Veterans 
Administration Cooperative Urological Research Group showed that DES was as effective as orchiectomy in treating metastatic disease but was associated with 
excess cardiovascular and thromboembolic complications ( 59). DES at 1 mg per day was as effective as 5 mg per day but did not lower testosterone to castrate levels 
in all men. (60) DES use declined after the availability of LHRHa as an alternative form of medical castration ( 61).

Smith et al. assessed the efficacy and toxicity of 1 mg per day of DES in 21 men failing first line androgen deprivation. Nine of 21 (43%; 95% confidence interval, 22% 
to 64%) had a decrease in two serial PSAs of greater than 50% from baseline ( 62). Eight of 13 men (62%) with only one prior hormonal manipulation had a PSA 
decline, compared to one of eight men (13%) with more than one hormone treatment (p = .07). The estimated survival rate at 2 years was 63%. Toxicity was minimal, 
consisting of nipple hypersensitivity in 19 patients, gynecomastia in three patients, and a deep vein thrombosis in one patient.

High-Dose Estrogen

DES diphosphate (DES-DP, DES-P, Stilphostrol, Honvan, fosfestrol) is a nonsteroidal estrogen with two hydroxyl radicals. The beneficial effects of high-dose 
estrogen therapy using conjugated estrogens and DES sulfate in men with androgen-resistant carcinoma were first reported in 1952 by Hertz ( 63). DES-DP is an 
inactive estrogen that is dephosphorylated in vivo to DES. In 1955, Flocks reported on 34 men who had failed to respond or had become refractory to low-dose 
estrogen treated with intravenous DES-DP in doses ranging from 250 mg to 1,250 mg per day (64). Palliation of symptoms was documented in 21 of 27 men with prior 
estrogen treatment and five of seven men with prior estrogen and orchiectomy. Acid phosphatase levels fell in seven of nine patients with a good response and an 
elevated level pretreatment; in one of two with a fair response; and in none of three patients with a poor response. Toxicity consisted of mild nausea and perineal 
burning if the drug was injected rapidly. There was no thrombosis or gynecomastia.

Droz et al. reported on composite data from six phase II clinical trials assessing the efficacy of DES-DP in progressive metastatic disease ( 65). The doses in these 
studies ranged from 0.5 to 4.0 g per day i.v. for 7 to 10 days. Oral daily DES was given between i.v. cycles in one of the trials. The results in 139 men showed no 
measurable tumor responses, a decrease in prostatic acid phosphatase by greater than 50% in 37 of 99 men, and palliative benefit in 74 men. Seven men 
experienced cardiovascular complications. The median survival was 5 months.

The apprehension to estrogen use is primarily concern for cardiovascular toxicity in an elderly population. In two trials by the European Organization for Research on 
Treatment of Cancer using oral DES at a standard dose of 3 mg per day, there was lethal cardiovascular toxicity in 11% of 185 men ( 66). Risk factors were identified 
and included older age, weight greater than 75 kg, and prior cardiovascular disease. The cardiovascular toxicity in the aforementioned phase II trials was 5%. 
Concomitant use of aspirin seems warranted as prophylaxis. Other common side effects include nausea, vomiting, weight gain, edema, and gynecomastia. Abnormal 
liver function tests are less common.

PC-SPES

PC-SPES is an unregulated herbal dietary supplement consisting of seven Chinese and one American herbal extract ( 67). They are Isatis indigotica (da quing ye), 
Glycyrrhiza glabra and uralensis (gan cao), panax pseudo-ginseng (san qi), Ganoderma lucidum (ling zhi), Scutellaria baicalensis (huang qin), Dendranthema 
morifolium (Chrysanthemum), Rabdosia rubescens, and Serenoa repens (saw palmetto). The name of the product emphasizes its intention: PC stands for “prostate 
cancer” and spes is Latin for “hope.”

The eight herbs were selected for their immune-stimulating, cytotoxic, and cytostatic properties. G. glabra and G. uralensis contain saponin that, in addition to binding 
cholesterol and bile salts, has in vitro antitumor activity (68). Glycyrrhiza increases 17b-hydroxysteroid dehydrogenase and aromatase with resultant lowering of serum 
testosterone and increased estrogen levels ( 69). Panax pseudo-ginseng contains dammarane-type saponins that are believed to stimulate natural killer cell activity 
and have antitumor effects in vivo (70,71). Consumption of this herb has been associated with a lower incidence of cancer ( 72). G. lucidum has demonstrated in vitro 
activity against marine S-180 sarcoma cells and exhibited immunomodulatory activity ( 73,74). S. baicalensis contains baicalein, which has been shown to inhibit the 
growth of hepatoma and human T lymphoid leukemia cells in vitro (68,75). R. rubescens has demonstrated in vitro antitumor effects against multiple tumor cell lines, 
including HeLa cells, Ehrlich ascites cells, sarcoma 180 cells, hepatoma cells, cervical carcinoma U14 cells, Walker 256 carcinosarcoma cells, and reticular 



carcinoma cells. S. repens contains a phytoestrogen that lowers endogenous estrogens. ( 76) Extracts of Serenoa inhibit growth of benign and malignant prostate cells 
probably by preventing binding of dihydrotestosterone to the AR ( 77,78). Clinically, it is associated with prostate size reduction in men with benign prostatic 
hypertrophy (79,80).

Extracts of PC-SPES have been shown to have an inhibitory effect on PC3 and LNCaP CaP cells and MCF-7 breast tumor cells in culture ( 81). Inhibition of LNCaP 
cells was correlated with a reduction in the expression of the AR and decreased secretion of PSA ( 82). Additional studies demonstrated that PC-SPES induces 
apoptosis and down-regulation of bcl-2, the gene-protecting cells from apoptosis ( 83). In a Dunning R3327 rat CaP model, syngeneic Copenhagen rats intradermally 
injected with Mat-Ly Lu cells known to metastasize in lung and lymph nodes and then fed a PC-SPES diet showed a decreased tumor incidence and decreased rate of 
tumor growth compared to control animals (84). This inhibitory effect was dose dependent. Of note, animals fed a PC-SPES diet that showed no primary tumor growth 
also had no pulmonary metastases, whereas in those animals in which PC-SPES was not effective in inhibiting the primary tumor growth, the frequency of pulmonary 
metastases was equal to that demonstrated in control animals.

Additional studies have demonstrated that PC-SPES has estrogenic properties ( 85). Using two yeast strains, a 1:200 dilution of an ethanol extract of PC-SPES had 
estrogenic effect equivalent to 1 nm of estradiol. In ovariectomized CD1 mice, treatment with PC-SPES resulted in significant increase in uterine weight compared to 
untreated animals, similar to the effect seen with estrogen. In men with CaP treated with PC-SPES, six of six had decreased serum testosterone levels, and, in eight of 
eight men, PSA levels declined. Side effects were similar to those of estrogen, with all men having breast tenderness and impotence and one man having a superficial 
venous thrombosis. PC-SPES was shown to have estrogenic properties on high performance liquid chromatography, gas chromatography, and mass spectrometry. 
This compound, however, is distinct from DES, estrone, and estradiol.

In a preliminary report of a phase II trial in advanced disease, both hormone naïve and androgen independent, 34 of 60 planned patients were treated with nine 
capsules totaling 2,880 mg per day (86). Of the 24 evaluable men, nine of twelve men with androgen-independent disease progressing in the setting of anorchid 
levels of testosterone and after antiandrogen withdrawal demonstrated a greater than 50% PSA decline. Nine of twelve men with hormone-naïve disease 
demonstrated a similar PSA response. Testosterone levels fell to castrate in 7 of 21 hormone-naïve men with initial normal levels. Toxicity included tender 
gynecomastia in 71%, grade 1 diarrhea in 33%, and grade 1 nausea in 12%. One patient had a pulmonary embolism, and 60% of men with baseline normal 
testosterone and pretreatment potency had loss of libido.

P-450 ENZYME INHIBITORS

Ketoconazole

Ketoconazole (Nizoral) is an imidazole derivative that has antifungal property ( 87). The development of gynecomastia in some men treated with ketoconazole for 
mycosis led to an investigation of its effect on testosterone ( 88). Subsequent studies showed that this drug inhibits cytochrome P-450 enzyme–mediated synthesis of 
adrenal and gonadal steroids ( 89,90). Additionally, ketoconazole demonstrates a direct antitumor effect on prostatic cancer cells in vitro (91).

Ketoconazole has been assessed in multiple phase II trials in hormone-sensitive metastatic CaP ( 92,93 and 94). In one representative trial, Vanuytsel et al. reported 
antitumor effects in 15 of 17 evaluable men (1 complete and 8 partial responses and 6 with stable disease) ( 94). Although testosterone levels decreased rapidly to 
near castrate level, they rose steadily after 1 month, limiting this drug to short-term usage, not chronic androgen deprivation therapy.

Ketoconazole has found its role as a form of medical adrenalectomy in the treatment of HR disease. In a 1993 comprehensive review of second line therapies, an 
overall response rate of 46% was achieved in 171 patients treated in ten trials ( 95). These studies were conducted before the use of PSA decline as an end point. 
Using the then-current response criteria of the National Prostatic Cancer Project, 16% of men had objective responses and 30% had stable disease ( 96). The 
standard dose was 400 mg orally three times a day and the use of concomitant steroids was variable.

Two recent trials have reported the efficacy of ketoconazole using PSA decline as an end point ( 97,98). Small et al. first reported in 50 men with progressive disease 
after combined androgen blockade and antiandrogen withdrawal treated with ketoconazole and hydrocortisone therapy ( 97). Overall, 30 men (62%) had a greater 
than 50% decline in PSA maintained for at least 8 weeks. The median response duration was 3.5 months (range, 3.25 to 12.75+ months). Response was independent 
of prior response to antiandrogen withdrawal. In a second report, 20 men with HRPC were treated with simultaneous antiandrogen withdrawal and ketoconazole plus 
hydrocortisone (98). Eleven (55%) had a greater than 50% decline in PSA. The median response duration was 8.5 months with a median survival of 19 months in this 
mixed population of men with localized and distant HR disease.

Ketoconazole is a frequently used second line therapy in progressive metastatic disease ( 99). Its toxicities include nausea and vomiting in up to one-half of patients, 
rash or dry itchy skin in 10%, chemical hepatitis, fatigue, nail dystrophy, asthenia, and gynecomastia. Although recently prescribed in conjunction with steroids, 
adrenal insufficiency secondary to ketoconazole is relatively rare, and it is probably safe in men in whom there is a contraindication to steroid use ( 100). Ketoconazole 
should be taken on an empty stomach owing to its dependency on decreased gastric pH for maximum absorption (101). Additionally, antacids and histamine H2 
receptor antagonists should be avoided if possible or at least maximally spaced temporally from ketoconazole ingestion. Vitamin C administration can increase 
bioavailability in men with atrophic gastritis.

Aminoglutethimide

Aminoglutethimide blocks several cytochrome P-450–mediated hydroxylation steps, including the formation of pregnenolone from cholesterol and the 18-hydroxylase, 
11-hydroxylase, and 21-hydroxylase enzymes (102). This inhibition results in decreased production of adrenal glucocorticoids, mineralcorticoids, estrogens, and 
androgens. In a review of 13 clinical trials involving 583 men with HR disease, the overall response rate using the NPCP criteria was 32%, which was predominantly 
stable disease (23%) (95). In the largest trial of 119 patients, the 50% probability of survival was 21 months for responders and 9.2 months for nonresponders ( 103). 
The standard dose is 250 mg orally four times a day with replacement dose hydrocortisone due to associated adrenal insufficiency. Other toxicities include lethargy, 
nausea, skin rash, ataxia, hypothyroidism, abnormal liver function tests, and edema. In a more recent report, 17 patients progressing on leuprolide, flutamide, 
suramin, and hydrocortisone underwent simultaneous flutamide withdrawal and initiation of aminoglutethimide ( 104). Hydrocortisone and leuprolide were continued. 
Eleven of the 17 men (65%) had a decline in PSA of greater than 50% and in seven (41%) men, PSA normalized. Of the 11 patients with significant declines in PSA, 
seven had evaluable disease radiographically. Of these seven, one had complete resolution of disease, four had partial responses, and two had stable disease. The 
median duration of PSA response was 344 days (range, 30 to 1,393 days).

CORTICOSTEROIDS

The palliative benefit of glucocorticoids in men progressing after orchiectomy in the 1950s was first reported by Miller and Hinman in 1954 ( 105). They reported 
subjective benefits in eight of ten men treated with 50 to 100 mg of cortisone per day. Since that time, prednisone, hydrocortisone, and dexamethasone have been 
routinely used in symptomatic advanced disease. Glucocorticoids inhibit the hypothalamus pituitary axis leading to suppression of androgen synthesis.

Prednisone

Tannock et al., in 1989, reported improvement in pain in 14 of 37 men (38%) with symptomatic bone metastases treated with 7.5 to 10.0 mg prednisone daily ( 106). In 
a subsequent large phase III trial of mitoxantrone plus prednisone versus prednisone alone at a dose of 5 mg twice daily, decreased pain or decreased analgesic use, 
or both, occurred in 21% of the 81 men treated with prednisone alone ( 107). PSA declines of greater than 50% also occurred in 21% of men on the prednisone alone. 
Sartor et al., using PSA decline as a primary end point, reported PSA declines of greater than 50% in 10 of 29 men (34%) with a median progression-free survival of 
2.8 months (18). Overall survival was 17.4 months versus 10.5 months (p = .027) for men whose PSA declined by 50% versus those who did not have this response. 
Toxicity was not inconsequential, with four patients having steroid myopathy, one having new onset diabetes, and one patient with dyspnea.

Hydrocortisone

Hydrocortisone has also been documented to be of palliative benefit in HRPC. It is also a potentially confounding variable in clinical trials in which it has been used in 
combination with other chemotherapy drugs or investigational agents. Harland and Duchesne, in an article addressing the role of hydrocortisone in the response rates 
reported with suramin, reported that in 15 men treated with 40 mg hydrocortisone daily, eight men (53%) had a greater than 50% decline in PSA on this treatment 
(108). In a subsequent phase III trial of suramin plus hydrocortisone versus placebo plus hydrocortisone, for the 230 patients receiving hydrocortisone alone, 28% had 



relief of bone pain for a median duration of 69 days, and 16% had a greater than 50% decline in PSA ( 109). Similarly, in another large phase III trial comparing 
mitoxantrone plus hydrocortisone versus hydrocortisone (40 mg per day), 25 of 116 men receiving hydrocortisone alone (21.5%) had a greater than 50% decline in 
serum PSA (110).

Dexamethasone

Dexamethasone has also been used in the treatment of HR CaP. Storlie et al. reported on a retrospective record review of 38 men who progressed after orchiectomy 
and were then treated with low-dose dexamethasone, 0.75 mg twice daily (111). Twenty-four men (63%) had symptomatic improvement and in 23 men (61%), PSA 
declined by greater than 50%. Of these latter patients, eight (35%) had radiographic evidence of regression, five (22%) were stable, seven (30%) had disease 
progression, and three (13%) did not have serial radiographic studies.

Dexamethasone may be a potentially confounding variable in clinical trials in which it is used as a premedication. However, in a recent study of 12 men treated with 
taxotere, a run-in assessment of dexamethasone alone using the same premedication dose and schedule (20 mg orally every 6 hours for three doses every 3 weeks) 
showed no decline in PSA with dexamethasone alone (112).

PROGESTERONES

Megestrol acetate is a synthetic progestin with expected activity in CaP based on its capacity to lower testosterone and luteinizing hormone, block binding of 
dihydrotestosterone to the AR, inhibit 5a-reductase conversion of testosterone to dihydrotestosterone, induce adrenal suppression, and, at high doses, inhibit CaP 
growth in vitro (113,114,115 and 116). In previously untreated metastatic disease, symptomatic improvement has been documented in up to 90% of men and objective 
regression in up to 45% (117,118). Common toxicities with megestrol acetate include edema, thrombosis, hypertension, hyperglycemia, and weight gain.

In HR CaP, Osborn et al. reported only a 14% response rate based on a greater than 50% decline in PSA in a retrospective review of 14 patients ( 119). In a larger 
trial, of 149 men randomized to 160 mg per day (low dose) or 640 mg per day (high dose) of megestrol acetate, the rate of PSA decline by greater than 50% was 
13.8% and 8.8% in the low- and high-dose arms, respectively ( 120). Of concern in this trial was a suspected pain flare secondary to the megestrol acetate in 7% of 
men. Although the response rate to high-dose medroxyprogesterone acetate (1,000 mg per day) was slightly higher at 25% to 38% in two Swedish trials, it appears 
that the potential benefit of megestrol acetate is inadequate to justify its potential side effects ( 121,122).

CONCLUSION

Multiple potentially efficacious second line hormonal therapies are currently available for the treatment of men with HRPC. Overall response rates vary from 20% to 
50%. For all men, it is recommended that they be continued on their primary testicular androgen deprivation. For patients on an antiandrogen, the antiandrogen 
should be discontinued and the patient should be observed for a withdrawal response. After subsequent documented progression, alternate hormonal therapy with a 
different antiandrogen, a P-450 enzyme inhibitor, or estrogenic compound may be beneficial. These therapies should be initiated sequentially. Lack of response to 
one hormonal therapy does not preclude response to a subsequent one. Appropriate patients should always be considered for inclusion in an investigational protocol 
if available.
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INTRODUCTION

Pain and other distressing symptoms have profound effects on the quality of life of individuals with prostate cancer (CaP) from the time of diagnosis to the terminal 
phases of illness. The old dichotomous concept of managing symptoms after “giving up” on cure is being replaced with a patient-oriented continuum of care, 
incorporating symptom management into cancer treatment at the outset.

The suffering of patients with CaP is thematic of cancer in general but also comprises issues specific for this particular malignancy. Patients experience general 
symptoms seen in cancer, such as fatigue, depression, anxiety, and pain. Symptoms seen especially in CaP include urinary and bowel symptoms, bone pain, and 
sexual dysfunction. Beyond specific symptoms, patients experience broader problems: emotional functioning, physical functioning, loss of social role, change of 
self-image, and the death and dying process. This model of suffering may be extended beyond the patient to the family.

Pain and symptom management programs have arisen to assist oncologists and other health care providers in the management of specific symptoms that arise in the 
oncologic setting. Palliative care programs provide more comprehensive support, particularly toward the terminal phases of illness. Palliative care includes social 
services, emotional and spiritual support, and bereavement counseling. Hospice programs have grown to allow terminal patients to pass through the dying process 
more comfortably at home without inappropriately aggressive care. Together, these services interdigitate to maximize the cancer patient's quality of life in all phases 
of the cancer experience.

This chapter focuses primarily on the management of pain and other symptoms in CaP.

SYMPTOMS IN PROSTATE CANCER

Symptoms of Disease

Symptoms in CaP may arise from the disease or from its treatment. Local disease, although often asymptomatic, may produce a characteristic set of symptoms 
including pain, hesitancy, urgency, poor stream, and dribbling. Metastatic disease produces a different constellation of characteristic symptoms ( Table 44-1) 
dominated by bone pain. Other symptoms of metastatic disease include fatigue, nausea, anorexia, and depression. These symptoms are usually controlled by primary 
antineoplastic treatments, although treatments produce their own symptomatic complications, detailed later. Yet a third set of symptoms, similar across all 
malignancies, characterizes terminal illness ( Table 44-1). Terminal symptoms include pain, delirium, restlessness, nausea, and vomiting. Management of issues that 
arise among family members assumes a greater role, including service issues, respite, and bereavement.

TABLE 44-1. SYMPTOMS IN PROSTATE CANCER

Symptoms of Treatment

Antiandrogen Therapy

Antiandrogenic therapy remains a mainstay of therapy for CaP. Reduction of androgens by any means—chemical or surgical—gives rise to a number of symptoms 
(1,2). These include depression, a belief of compromised well being, and emotional lability. Orchiectomy leads to overall improvement in quality of life in patients with 
metastatic CaP (3). However, a number of important side effects have been described including impotence, decreased libido, female body image, and cosmetic 
disturbance. Similar side effects have been described in patients receiving antiandrogenic medications compared to patients after orchiectomy without medications 
(3). These include diarrhea, body image disturbance, gynecomastia, fatigue, pain, overall symptom distress, emotional problems, and decreased physical functioning. 
These medication effects, reported primarily with flutamide, also may occur to a lesser extent with luteinizing hormone releasing hormone (LHRH) administration.



Radiotherapy

Overall quality of life appears similar in patients with CaP after prostatectomy, radiation therapy for localized disease, and age-matched “well” controls, despite 
specific treatment-related morbidities. Primary predictors of quality of life in these patients remain the general cancer-related dimensions: physical and emotional 
functioning and fatigue. Specific side effects seen after radiation ( 4,5) include fecal leakage in 15% (6); erectile dysfunction, increasing with duration of follow-up ( 7,8) 
in 30% to 60% and causing psychological distress in 7%; and lower urinary tract symptoms including dysuria in 14%. Proctitis, consisting of gas, blood, or mucous 
discharge from the rectum; bowel cramps; and diarrhea occur in up to 14% ( 9).

Prostatectomy

The major symptom occurring after prostatectomy (5) has been sexual dysfunction (50% to 70%), which is more frequent with advanced patient age and causes 
psychological distress in 7% and urinary incontinence in 35%, despite nerve-sparing techniques.

PAIN MANAGEMENT

Barriers to Pain Relief

Guidelines for the treatment of cancer pain have been widely accepted and publicized ( 10). Validation studies of these guidelines have demonstrated that 75% to 90% 
of patients with cancer pain can enjoy satisfactory relief with the institution of these simple guidelines, using available medications. Yet survey studies continue to 
demonstrate success rates substantially less than this (11). Several critical barriers to the adoption of these guidelines have been identified ( Table 44-2). These 
include barriers related to health care professionals, patients, and the health care system ( 11).

TABLE 44-2. BARRIERS TO EFFECTIVE PAIN MANAGEMENT

Pain Assessment

The major obstacle to adequate cancer pain management is underrecognition of pain, and the major obstacle to full recognition of pain is the lack of routine pain 
assessment. Health care providers should query patients about pain at every encounter: pain as the “fifth vital sign.” Full assessment of pain should take place with 
every new report of pain and at suitable intervals after analgesic intervention ( 12). The primary goal of the initial assessment of a pain complaint is to arrive at a 
diagnosis. Too many patients have been inadequately treated because of the diagnosis of “cancer pain.”

Example 1: A 49-year-old man with metastatic CaP was admitted to the hospital for intractable pain. He had been previously treated on multiple occasions for new 
pain complaints due to multiple bony metastases and had been successfully irradiated on several episodes. He was treated for worsening pain in the neck with 
maximal nonsteroidal antiinflammatory drugs (NSAIDs) and opioids, with dose-limiting sedation from opioids despite inadequate analgesia. Head and neck computed 
tomography (CT) scans were “negative.” Terminal sedation was considered. The Pain Service was consulted. The medical history revealed recent onset of new pain 
at the top of the cervical spine on the left, with radiation to the top of the head, worsened by rotation. The exam revealed left occipital numbness. A CT scan of the 
C1-2 region, ordered to identify a spine lesion at that level compressing the C2 nerve root, was positive for such a lesion; this lesion had been missed on the previous 
“routine” head and neck studies, which did not incorporate the level of C2. Local irradiation resolved the pain.

Elements of the initial pain assessment include

Medical history 
Pain phenomenology: quality, intensity, location, time course, aggravating, and relieving factors
Previous treatments and results
Associated systemic or neurologic features
Psychosocial history, substance abuse history
Treatment goals (cure, palliation, terminal care)

Physical examination 
What provokes the pain
Relevant neurologic exam

Appropriate diagnostic tests

Follow-up assessments focus on

Evolution of symptom complex
Changes in intensity
Response to treatment, including side effects

Rational pain treatment requires setting appropriate goals and “managing expectations” of the patient, family, and health care team. Patients are often more willing 
and able to tolerate pain during some circumstances (e.g., procedure-related pain early in the illness) than others (terminal care). Patients may suffer from 
inappropriately pessimistic expectations (“I'm destined to die in pain.”) or inappropriately optimistic expectations (“I deserve to be pain free at all times.”). Patient 
education to minimize disparity between patient expectations and clinical reality may do more than analgesics to decrease suffering in the setting of painful illness.

A number of simple instruments have been validated for use in the cancer population ( Fig. 44-1) and should be part of routine assessment.



FIGURE 44-1. Pain assessment instruments.

Pain Syndromes in Prostate Cancer

Bone Pain

Bone pain is the most common symptom affecting those with metastatic CaP (13) and is the most common cause of cancer-related pain (14). Bone pain most often 
involves the spine and pelvis. Up to 25% of patients with bone metastases have no symptoms; in most cases, it is unclear what determines whether a metastasis is 
painful or not. Therefore, it is important to correlate radiologic signs with the clinical presentation to determine whether an individual metastasis is symptomatic. Pain 
may result from direct tumor involvement of bone, compression of adjacent nerves or the spinal cord, or involvement of soft tissue. Pain due to multiple metastases is 
common. In the setting of spine metastases, more than one metastasis is present in 85% of patients (15). The pain is usually described as dull or aching and is often 
aggravated by movement of the affected part or palpation. Bone lesions may cause referred pain in the absence of nerve compression. Lesions in the upper cervical 
spine may cause headache, referred to the occiput or frontal regions. Lesions in the lower cervical spine cause pain in the shoulder, arm, or interscapular region. 
Lesions in the thoracic spine may refer anteriorly to the chest. Lumbosacral spine lesions may refer to the groin, buttocks, or proximal leg, and hip lesions may refer to 
pain down to the knee. Pathologic fractures and hypercalcemia may also occur, although these are less common than in metastases from cancers of the lung, breast, 
kidney, or myeloma.

The diagnosis is confirmed by radiologic studies, including plain x-rays, bone scans, magnetic resonance imaging (MRI), or CT. Bone scans and MRIs are the most 
sensitive of these modalities, often detecting abnormalities that are not visible on plain x-rays. Bone scans have the advantage of visualizing the entire skeleton with 
one imaging study. MRI of the spine has the advantage of detecting simultaneous lesions of any part of the spine; CT scans are typically limited to a segment of the 
spine. Plain x-rays are helpful in estimating the risk of pathologic fracture; CT scanning may be yet more helpful in this regard. Lesions considered to confer risk of 
pathologic fracture are those that

Are painful,
Are in weight-bearing bones,
Involve more than 50% of the bony cortex, and
Are greater than 2.5 cm in diameter.

Bone pain due to a metastatic tumor should be differentiated from nonmalignant causes of bone pain. Such causes include osteoporotic fractures, focal osteonecrosis 
(which may be due to steroids or radiation), and osteomalacia. Lesions of the cervical spine causing interscapular pain may be missed by imaging too low; upper 
cervical spine lesions causing headache may be missed by imaging only the head; low thoracic or upper lumbar lesions causing low back or hip pain may be missed 
by imaging only the lumbar spine or pelvis. “Routine” CT scans of the neck often do not include the upper cervical spine. CT or MRI scans of the “lumbosacral spine” 
and MRI scans of the “whole spine” often do not image the sacrum.

Spinal Cord Compression

Epidural compression of the spinal cord is a common complication of cancer, occurring in up to 10% of patients ( 16). Most cases of spinal cord compression are 
caused by extension of metastases from the vertebral body into the epidural space. Untreated spinal cord compression leads to the complete cord syndrome: 
paraplegia or quadriplegia. Because the success of treatment depends on the neurologic status at the time of its initiation, prompt diagnosis and institution of therapy 
is critical. Back pain is the initial symptom in almost all patients with spinal cord compression and, in 10%, it is the only symptom at the time of diagnosis. 
Characteristics of back pain in a cancer patient that increase the likelihood of epidural extension of tumor include rapid progression of pain ( 17), radicular pain (18), 
and worsening of pain by recumbency, cough, sneeze, or strain ( 19). Algorithms have been developed to assist in the cost-effective management of patients with 
cancer and back pain, starting with plain radiographs ( 20).

Incident Pain

Incident pain is defined as pain that occurs primarily with movement. The most common type is pain on standing or walking caused by metastases to the lumbar spine, 
sacrum, pelvis, or hip. Metastasis to any weight-bearing bone may cause incident pain, and lesions in the humerus or shoulder may cause incident pain on usage of 
the upper extremity. Pathologic fracture is a potential risk or causative entity in these situations. Recognition of incident pain is critical in the management of cancer 
pain, because this syndrome is often poorly controlled by systemic opioids. Incident pain may respond better to primary anticancer therapies, particularly radiation, 
and also to NSAIDs, bracing, intralesional steroid injections, spinal administration of local anesthetic/opioid combinations, and orthopedic fixation. The recognition of 
incident pain should therefore prompt early referral for pain management or orthopedic consultation in patients who do not respond promptly to appropriate analgesic 
interventions.

Luteinizing Hormone Releasing Hormone Tumor Flare

Initiation of LHRH hormonal therapy produces a transient symptom flare in 5% to 25% of patients ( 20). This flare may be caused by an initial stimulation of LH release 
before suppression is achieved. Presenting symptoms include increased bone pain or urinary retention; cord compression and sudden death have been reported. 
This syndrome typically begins within a week of initiation of therapy and persists for 1 to 3 weeks. Coadministration of an androgen antagonist during initiation of 
LHRH can prevent this tumor flare (21). Tumor flares have been observed with other hormonal agents as well, including androstenedione and medroxyprogesterone 
(20).

Radiation Proctitis

Radiotherapy is used to cure patients with local disease and to palliate pain in patients with noncurable local disease or metastases. Although effective in all these 
indications, radiotherapy may be followed by a number of complications that may adversely impact quality of life ( 4,5). Radiation proctitis occurs acutely in up to 50% 
of patients; symptoms persist in as many as 10% to 30% of patients (9,22). Symptoms include fecal leakage, cramps, gas, tenesmus, and discharge of blood or mucus 
per rectum. Chronic cases may progress to include strictures or fistula formation ( 23). The differential diagnosis includes infective proctitis and inflammatory bowel 
disease.

Radiation Cystitis

Radiation cystitis may follow pelvic radiotherapy and causes persistent symptoms in approximately 20% of patients ( 9). Symptoms include dysuria, impairment of 
urinary flow, incontinence, persistent hematuria, and bladder outlet obstruction. Chronic bleeding may cause significant morbidity.

Perineal Pain



Tumors of the prostate may produce perineal pain by local invasion, although cancers of the colon, rectum, and female reproductive tract are more common causes of 
cancer-related perineal pain ( 24). The pain is typically described as constant and aching, exacerbated by sitting or standing. Bladder spasms or tenesmus may be 
associated symptoms. In some patients, a similar pain syndrome may occur after pelvic surgery in the absence of concurrent neoplastic disease.

Neuropathic Pain

Neuropathic pain, defined as pain due to damage to the nervous system, is uncommon in CaP, compared to other cancers. Nevertheless, neuropathic syndromes do 
occur. Most important, recognition of a neuropathic pain syndrome requires identification of the neural structure involved (e.g., spinal cord, root, plexus, nerve) and 
etiology of the damage (tumor invasion, pathologic fracture with neural compression, radiation, postsurgical, infection, meningeal process, and others). Neuropathic 
pain usually presents with positive symptoms such as burning, tingling, and lancinations, as well as a neurologic deficit: loss of sensation, weakness, hyporeflexia, or 
loss of sphincter function. Contrary to popular belief, neuropathic pain is commonly described as aching, throbbing, or other descriptors usually ascribed to 
nonneuropathic causes. The pain may radiate in the distribution of the affected neural structure or may be perceived in only a portion of the territory.

The important neuropathic pain syndromes include

Spinal cord compression (described earlier)
Spinal nerve root compression: Pain is severe, and often radiates down the arm, around the trunk, or down the leg. This may be the presenting symptom of 
tumor invasion of the spine, compression fracture with root impingement, leptomeningeal metastases, or meningeal infections (uncommon in CaP).
Lumbosacral plexopathies: This syndrome presents in the groin, sacral region, perineum, or leg. Lumbosacral plexopathy in the cancer population usually 
results from direct tumor invasion. In the setting of CaP, this syndrome is most likely to involve the sacral plexus, with involvement of the posterior thigh, leg, and 
foot, and perhaps the perineal region; sphincter disturbance may occur ( 25). Lymphedema of the leg is common. Radiation plexopathy is an uncommon 
complication of pelvic irradiation and may be delayed from 1 to 30 years after treatment ( 26). Patients typically present with neurologic deficits and leg swelling 
that may be bilateral; pain is less common than with tumor-induced plexopathies. Lumbosacral plexopathy may also result from surgical trauma or infections in 
the pelvis or psoas muscle.

Pain Treatment

General Principles

Look for a specific diagnosis.
The diagnosis should never be “cancer pain,” but rather “bone pain due to metastatic disease,” “incident pain,” “nerve root compression due to pathologic 
fracture,” “rectal pain due to radiation proctitis,” and others.
Treat the specific diagnosis with primary therapies (e.g., antibiotics); it is the best chance to cure.
Start treating the pain while initiating the diagnostic work-up: Do not wait.
Titrate medications to effect.
Don't forget nonopioid analgesics.
Never use a placebo.
Patient self-report is the best measure of pain.
Addiction is rare in this population.
Treat analgesic-related side effects aggressively.
Set reasonable goals for pain relief and strive to achieve them.
Functional goals are achieved through analgesia combined with functional restoration (physical and occupational therapies, bracing, and others), not analgesics 
alone.

Primary Anticancer Treatment

The approach to cancer pain begins with maximizing primary anticancer therapies. In the case of CaP, these include radiotherapy, surgery, and hormonal therapies. 
Radiotherapy is highly successful in the treatment of painful bony metastases, with 80% to 90% of patients getting at least some relief. Unless bone pain is controlled 
by well-tolerated analgesics, radiotherapy is usually indicated. Other goals of radiotherapy are to prevent complications such as cord compression or pathologic 
fracture, decrease tumor growth, or decrease opioid requirement. Some patients may experience a pain flare for a few days, often followed by a prolonged reduction 
in pain. Radiation may be delivered by local treatment, hemibody treatment, or systemic radioisotopes. Factors to consider include life expectancy, functional status, 
bone marrow function, extent and volume of metastatic bone lesions, number of symptomatic sites, presence of visceral metastases, and previous treatment.

Local radiation: Most appropriate for patients with only a few symptomatic lesions. Pain may flare for 2 to 3 days, which generally predicts good response. Relief 
begins 1 to 2 weeks after start of treatment and invariably is present within 1 to 3 months if it occurs. Imaging should correlate with symptoms. Generally well 
tolerated. Short course or single dose is as good as protracted treatment ( 13). Often indicated for debilitated patients.
Hemibody radiation: Used for patients with many painful metastases and adequate bone marrow function. Main purpose is to avoid repeated trips to the hospital. 
Improves pain in 80%. Side effects include nausea, vomiting, and dehydration, which may require hospitalization or pretreatment.
Systemic radionucleotides: Strontium 89 most commonly used in hormone-refractory CaP. Indicated for patients with multiple painful metastases for whom 
multiple single fields are impractical. Seventy percent get relief ( 13). Pain flares in a small percentage for 2 to 4 days. Relief begins in 2 to 3 weeks; maximal 
relief and nadir counts in 6 weeks. Main adverse effect is marrow toxicity. Poor candidates include patients with poor bone marrow or renal function or minimal 
uptake of main symptomatic lesions. Poor treatment for patients with fracture or pending fracture, cord, or root compression. Safety issues in incontinent men. 
Samarium 153 may be as effective with less toxicity (27); other agents in trials.

Other indications for radiation include hematuria, ureteric obstruction, perineal pain, leg edema or back discomfort due to pelvic or paraaortic adenopathy, and any 
symptoms related to tumor mass.

Pharmacologic Treatment

Fundamentals

The World Health Organization (WHO) has promoted a simple scheme for the treatment of cancer pain that has been shown in multiple validation studies to provide 
satisfactory pain relief in 75% to 90% of patients ( 10,28). This approach is based on an “analgesic ladder” ( Fig. 44-2).

FIGURE 44-2. World Health Organization analgesic ladder. [Adapted from World Health Organization. Cancer pain relief and palliative care. Report of a WHO expert 
committee. (World Health Organization Technical Report Series, 804). Geneva, Switzerland: World Health Organization, 1990.]



Step 1. The first step is to use acetaminophen, aspirin, or another NSAID for the management of mild to moderate pain. These drugs may be administered as needed 
or round the clock and titrated upwards to achieve optimal results. In addition, adjuvant analgesics may be added. An adjuvant analgesic is a medication that is not 
normally used to relieve pain but may relieve pain or enhance the effectiveness of other analgesics in certain circumstances [e.g., gabapentin (Neurontin) for 
neuropathic pain].

Step 2. For pain that persists or worsens, an opioid is added to (not substituted for) the NSAID. The so-called “weak opioids,” (e.g., codeine or oxycodone) are 
usually used at this point, often in fixed combination preparations with aspirin or acetaminophen. The concept of a “weak opioid” has been largely discredited and 
relates in practice primarily to dosing limitations because of available preparations or dose-limiting side effects. However, the concept of adding an opioid on an 
as-needed basis to the NSAID in step 2 has remained useful. A major error in cancer pain management is dropping the NSAID when the opioid is introduced.

Step 3. For pain that persists, a strong opioid, or in practical terms a round-the-clock opioid is added. Morphine is the standard agent. At this stage, opioids are 
prescribed by the clock for background pain, with additional short-acting opioids available as needed for rescue pain. Long-acting opioids are particularly useful for 
the background pain. Patients with moderate to severe pain on presentation should begin with this step of the ladder. The same opioid should be used whenever 
possible for the background and breakthrough treatment.

Nonopioid Analgesics

General Considerations. The NSAIDs all have antiinflammatory, analgesic, and antipyretic properties. The analgesic approach to cancer pain management begins 
with this class of agents because they are effective for mild to moderate pain, generally well tolerated, usually inexpensive, readily available, sometimes over the 
counter, and they decrease opioid requirements in patients with moderate to severe pain ( 12). Because these agents act by a different mechanism than opioids and 
have different toxicities, the most effective analgesic approach generally involves combining opioids and NSAIDs for cancer pain. Although all types of pain may 
respond to NSAIDs, neuropathic pain is often unresponsive, and visceral pain is probably less than somatic pain. Bone pain and other inflammatory lesions may 
respond particularly well to NSAIDs, which may be more efficacious in these settings than opioids. Individual responses to particular NSAIDs may be idiosyncratic; 
therefore, it is logical to try more than one NSAID in an individual patient to seek optimal pain relief. These agents are limited by a “ceiling effect”: increasing the dose 
beyond a maximal dose will not enhance analgesia, but will enhance side effects. The precise ceiling in an individual patient is never certain; therefore, it is 
sometimes appropriate to escalate beyond the recommended “maximum” dose. The NSAIDs do not produce tolerance, physical dependence, withdrawal phenomena, 
or addiction.

Mechanisms of Action.  The mechanism of action of acetaminophen is not known, although acetaminophen does influence leukotriene metabolism and other aspects 
of the inflammatory process. The NSAIDs appear to reduce pain by decreasing peripheral production of prostaglandins from arachidonic acid by inhibiting the activity 
of the enzyme cyclooxygenase. Some studies have suggested a central action for NSAIDs as well. The analgesic effect of the NSAIDs appears to be independent of 
their antiinflammatory effects (29). Two forms of the enzyme cyclooxygenase designated COX-1 and COX-2 have been described (30). COX-1 is a constitutive 
enzyme, present in normal tissues such as the gastrointestinal (GI) tract, kidney, and platelet. COX-2 is an induced enzyme, present primarily in inflamed tissue. A 
tremendous amount of effort has resulted in the development of several NSAIDs that selectively block COX-2 (the so-called “COX-2 inhibitors”). It is hoped that these 
agents will confer the benefit of the NSAIDs without the toxicities.

Indications. All patients with cancer pain should be treated with an NSAID, with or without opioids, unless there is a specific contraindication. Bone pain or 
inflammatory pain may respond particularly well. NSAIDs may also work particularly well for incident pain.

Adverse Effects. GI toxicity is the most common side effect of NSAIDs. Nausea, dyspepsia, or vomiting occur in 10% to 20% of patients. Major GI tract 
injuries—ulcers, hemorrhagic gastritis, or perforation—may also occur. Estimates of this frequency range from 0.1% to 1.0% per year of exposure. Severe toxicity may 
occur without any warning signs. Patients at higher risk include those older than age 65 years with prior history of peptic ulcer disease, those on concomitant steroids 
or anticoagulants, and those with a history of substantial alcohol consumption. The traditional NSAIDs have been compared regarding their relative risk of producing 
GI toxicity (31). Ibuprofen appears to be safest, with most other agents falling into an intermediate category; piroxicam may produce somewhat more toxicity. The new 
COX-2 inhibitors celecoxib (Celebrex) and rofecoxib (Vioxx) appear to produce minimal GI toxicity but have not been studied in cancer pain. In the author's 
experience, both of these agents are approximately as effective for cancer pain as the traditional NSAIDs. The most appropriate strategy to minimize GI risks remains 
controversial. If patients require NSAID treatment, then misoprostol is probably the most effective agent for reducing GI risks ( 32); however, the selective COX-2 
inhibitors may prove the safest approach.

Bleeding due to inhibition of platelet function by NSAIDs is a common concern in cancer patients. This is particularly the case in patients already thrombocytopenic 
from chemotherapy, those with marrow replacement by disease, patients receiving external beam radiation therapy or radioisotopes, or those who are on 
anticoagulant treatment. Many patients placed on NSAIDs for cancer pain subsequently undergo treatments that may be marrow toxic. The nonacetylated salicylates, 
choline-magnesium-trisalicylate and salsalate, appear not to alter platelet function significantly ( 33,34) and are often used in this situation. However, clinical 
experience suggests that these NSAIDs may not be as effective in relieving pain as other NSAIDs. The COX-2 inhibitors, which do not appear to influence platelet 
function or bleeding in anticoagulated patients, may offer a solution to this dilemma.

Renal failure or dysfunction induced by NSAIDs may be severe but is usually reversible after cessation of the NSAID. Several different subtypes have been identified, 
including interstitial nephritis and papillary necrosis. Patients with prostaglandin-dependent renal blood flow, such as those with cirrhosis, congestive cardiac failure, 
or other causes of impaired renal blood flow, are at highest risk. NSAIDs may also cause salt and water retention that may cause peripheral edema or antagonize the 
effects of diuretics or antihypertensive agents.

Liver dysfunction, which may be severe or fatal, may occur as a consequence of NSAID treatment. Patients on NSAIDs with a history of hepatic disease or on 
concomitant hepatotoxic medications should be followed carefully. NSAIDs may also precipitate bronchospasm, particularly in patients with a history of asthma. A 
variety of true allergic or allergic-type reactions may occur. Patients with a history of bronchospasm, laryngeal edema, or an urticarial rash from an NSAID in the past 
should not be prescribed an NSAID; in other types of rashes, repeat NSAID trials are probably safe.

Drug Selection. There are several points to bear in mind in selecting an NSAID for a patient with cancer pain ( Table 44-3). The only NSAID available for parenteral 
use in the United States is ketorolac (Toradol). Ketorolac is a highly effective analgesic, similar in effectiveness to 10 mg morphine intramuscular (i.m.). Ketorolac is 
therefore very useful in the rapid amelioration of severe pain in the hospitalized patient as an adjunct to opioid therapy. This agent should be used at a maximum dose 
of 30 mg intravenous (i.v.) every 6 hours for a maximum of 5 days; the dose should be halved for patients at risk for NSAID side effects. Ketorolac is not a useful drug 
for long-term oral treatment in view of its substantial GI toxicity and lack of analgesic advantages over the other NSAIDs when dosed orally. Several agents, such as 
nabumetone, can be dosed on a twice-daily basis and may therefore promote compliance. Ibuprofen is readily available, inexpensive, effective, and may have less GI 
toxicity than the other NSAIDs. Choline magnesium trisalicylate or salsalate can be considered for patients with platelet problems but may be less effective than other 
agents. The COX-2 inhibitors, celecoxib and rofecoxib, appear to have very limited side effects; these have been extensively used by the author in treating cancer 
pain with no significant toxicity. Their efficacy compared to traditional NSAIDs appears comparable but remains to be systematically studied.



TABLE 44-3. NONSTEROIDAL ANTIINFLAMMATORY AGENTS: AVAILABLE DOSING FORMS AND SELECTED COMMENTS

Dosage and Administration. The NSAIDs may be dosed orally in tablets or elixirs, rectally, or topically. Table 44-3 gives details of dosing and administration of the 
NSAIDs. The usual route of administration is oral. However, for localized pain syndromes, topical administration of NSAIDs is as effective in relieving pain as systemic 
administration, with substantially fewer side effects ( 35). Although this has not been studied in the setting of cancer pain, in the case of a patient with a localized pain 
syndrome and relative contraindications to the use of systemic NSAIDs, the topical route may be a useful option. Topical formulations are only available in the United 
States if custom compounded; however, this service is widely available.

Opioids

The opioids are the mainstay of therapy for cancer pain. Millennia of anecdotal experience and decades of scientific research have confirmed that opioids are safe 
and effective in the treatment of cancer pain. It is worth emphasizing that the WHO guidelines call for adding opioids to a nonopioid analgesic, not substituting opioids 
for the nonopioid.

Pharmacology. Opioids produce analgesia by binding to receptors in the brain and spinal cord that decrease impulse conduction along nociceptive (pain-related) 
neural pathways. In the brain, this binding activates descending inhibitory pathways that travel down into the spinal cord and release inhibitory neurotransmitters in 
the spinal cord, inhibiting the nociceptive system. Opioids also bind to receptors in the spinal cord, directly inhibiting nociception. Several types of opioid receptors 
have been described. Opioids are classified according to the pattern of receptor binding ( Table 44-4). Most opioids familiar to oncologists are classified as pure 
agonists, and act at the µ receptor. The pure µ agonists include morphine, methadone, hydromorphone, meperidine, oxycodone, fentanyl, and others. Buprenorphine 
acts as a partial agonist at the µ receptor. Buprenorphine thus has a ceiling effect for analgesia after a certain dose; further dose escalation does not increase 
analgesia (but may increase side effects). Buprenorphine may also produce a withdrawal syndrome if prescribed to a patient dependent on pure µ agonists. The 
“agonist-antagonists” act as antagonists at the µ receptor but produce analgesia by binding the kappa receptor. These agents can also produce withdrawal if given to 
a patient on chronic µ agonists and also have a ceiling effect. The partial agonists include pentazocine (Talwin), nalbuphine (Nubain), and butorphanol (Stadol). 
There is little, if any, role for the agonist-antagonists in the treatment of cancer pain. Tramadol (Ultram) is an atypical opioid with µ agonist– and tricyclic 
antidepressant–type properties. It can be effective, but, due to its ceiling effect and reports of seizures at higher doses, it is not commonly used for cancer pain.

TABLE 44-4. OPIOID ANALGESIC PHARMACOLOGY

Addiction, Tolerance, and Physical Dependence.  The most feared side effect of chronic opioid use is addiction. This fear has led to an “opioiphobia” that has in 
turn led to the underprescribing of opioids for cancer pain around the world, a problem that still exists in the United States ( 36). A confusion of terminology spanning 
centuries has impeded rational discourse on this subject. The phenomenon of physical dependence refers to the production of a withdrawal syndrome on abrupt 
discontinuation of the opioid, significant decrease in dose, or administration of an antagonist. Physical dependence on opioid analgesics typically occurs within days 
or weeks of initiation of treatment, is expected, rarely causes management difficulties, and bears no relationship to addiction ( 37). Tolerance refers to loss of 
effectiveness of the medication after prolonged use or the need to escalate the dose to maintain therapeutic effect. Large prospective and survey studies and 
tremendous accumulated experience with cancer pain suggest that tolerance is seldom a management issue in this population. Doses may escalate but typically 
plateau at stable levels for long periods of time. Dose escalations are often linked to disease progression rather than to loss of analgesic efficacy of the opioid. 
Patients appear to become more tolerant to the side effects of the opioid than to the benefit, such that the therapeutic window of the opioid over time—probably the 
relevant construct—appears to remain stable or widen with prolonged use.

Addiction refers to an aberrant psychiatric or behavioral condition characterized by loss of control over drug use, excessive preoccupation with drug use, or aberrant 
and destructive behavior surrounding the drug ( 37). This complication appears rare in the cancer population. Certainly patients with previous histories of substance 
abuse may develop cancer, and, in such cases, managing pain with opioids may require special considerations. These considerations have been recently reviewed 
(38). It must be emphasized that addiction is rarely an issue in managing cancer pain, and tolerance and physical dependence, which may occur, are rarely significant 
management issues and bear no relationship to addiction per se.

Opioid Side Effects. The most common side effects are nausea and vomiting, dizziness, sweating, itching, constipation, urinary retention, drowsiness, mental status 
changes, respiratory depression, and respiratory arrest. Patients become tolerant to these side effects with chronic use; nevertheless, these side effects may require 
management. Patients may develop these side effects differently with different opioids. Therefore, simply switching to an equianalgesic dose of a different opioid is 
often the best way to manage opioid side effects. When this strategy is unavailable or ineffective, specific treatment is warranted ( Table 44-5). Antiemetics may be 
used for nausea and vomiting. Drowsiness often responds to the addition of a stimulant medication; there is some evidence that stimulant medications may 
synergistically improve opioid analgesia. Constipation must be prevented by dietary modification, fiber, adequate hydration, and prophylactic use of laxatives. Acute 
respiratory depression may require treatment with an opioid antagonist, for example, naloxone. The use of naloxone is generally ill advised in the terminal patient on 
opioid treatment and must be carefully considered and gently titrated when required. If satisfactory resolution of side effects cannot be achieved in the patient on 
systemic opioids, then alternative analgesic modalities must be considered, including spinal analgesia, neurolytic blockade, neurosurgical interventions, adjuvant 
analgesics, or primary anticancer therapies.

TABLE 44-5. TREATMENT OF OPIOID SIDE EFFECTS



Route of Administration of Opioid Analgesics.  The oral route is generally preferred: it is usually available, inexpensive, and effective. Nonoral routes are only 
indicated when the oral route is unavailable, has been ineffective, or under special circumstances when nonoral routes are preferred [e.g., i.v. patient-controlled 
analgesia (PCA)]. Because oral opioids undergo first-pass metabolism in the liver, higher doses are required, compared to the parenteral route. The ratio of oral to 
parenteral equianalgesic dose differs between opioids; conversion tables are required to accurately convert from parenteral to oral administration of an opioid and 
vice versa (Table 44-6). Opioids are available for oral administration in a variety of forms: rapid-release tablets, sustained-release tablets, liquids, and capsules. 
Liquids are useful for patients who have difficulty in swallowing, require very fine dosage titration, enterostomy tubes, or in using high-potency liquids for patients with 
high-dose requirements. Liquid formulations of morphine, oxycodone, methadone, and other opioids may be administered sublingually. A new transmucosally 
administered formulation of the potent opioid fentanyl called Actiq is available. This formulation provides rapid onset of analgesia and does not require oral 
administration, making it especially useful for breakthrough pain. When the oral route is unavailable, consideration should be given to the least invasive alternative 
routes: rectal and transdermal.

TABLE 44-6. OPIOID ANALGESICS

The rectal route is used commonly in the hospice and less in the acute care setting. The rectal route is generally chosen when the oral route is unavailable, either 
temporarily or long term, such as in the case of patients with oropharyngeal or upper digestive tract malignancies, or frequent nausea and vomiting. The rectal route is 
relatively contraindicated in patients with anorectal disease, impaction, or frequent diarrhea. Rectal formulations are available in the United States for morphine, 
hydromorphone, and oxymorphone. Controlled-release tablets are commonly administered rectally, although there is little information about the pharmacokinetics of 
controlled-release opioids delivered by this route. Custom suppositories may be compounded of nearly every opioid imaginable, in combination with adjuvant agents 
as well.

The transdermal route of administration has become popular since the introduction of the fentanyl transdermal delivery system (Duragesic patch). Analgesia begins in 
12 to 24 hours and plateaus in approximately 3 days; each patch lasts 72 hours, after which it must be replaced. Thus, the fentanyl patch is neither effective nor safe 
when used for acute pain or for rapidly changing pain. The patch should be used as a “background” analgesic for chronic pain and supplemented with a breakthrough 
analgesic. With the availability of Actiq, the same opioid can be used for background and breakthrough medication. Although other opioids (e.g., morphine) have been 
compounded for transdermal use, there is little information available about this approach.

Parenteral opioid administration is selected when the oral route is unavailable and rectal administration is not possible or preferred. Under several circumstances, 
parenteral administration may be required: rapid opioid titration for excruciating pain or postprocedural pain, inability to use simpler routes due to high-dose 
requirements, and patients unable to cooperate (e.g., mental status changes or terminal sedation). In general, parenteral administration refers to the i.v. or 
subcutaneous (s.q.) route. Intramuscular injections are almost never indicated in the cancer population: they are painful, erratically absorbed, may lead to 
complications (fibrosis or abscess formation), and are unnecessary. For patients with i.v. access, either short or long term, i.v. analgesia is relatively convenient and 
provides the flexibility of several different options for opioid administration: continuous infusion, intermittent boluses, both, or PCA.

PCA is generally the preferred modality, because patients tend to use the minimum opioid dose to achieve optimal analgesia. PCA is contraindicated in patients who 
are unable to understand or cooperate with the system or who are physically unable to activate the patient-controlled mechanism (e.g., severe rheumatoid arthritis). It 
is generally unsafe for family members or nursing staff to administer PCA boluses; however, this practice may be acceptable under certain circumstances. In 
considering prolonged i.v. analgesia, caregivers must consider the complications that may arise from prolonged i.v. catheterization (infection, clotting, need for trained 
personnel). Subcutaneous analgesia offers several advantages. Dosing is for all intents and purposes equivalent to that of the i.v. route. Needles may be inserted by 
personnel with minimal training, are changed approximately weekly, and do not cause the complications noted with the i.v. route. Small portable pumps are available 
for prolonged s.q. administration.

Intraspinal administration may result in improved pain control with fewer side effects than systemic administration, with a much smaller dose. Intraventricular opioid 
administration is rarely performed but, in select circumstances, such as intractable pain due to head and neck cancer, offer some of the same advantages as 
intraspinal opioids. These options are discussed in more detail under Interventional Techniques.

Selection of Opioid.  For most clinical situations, opioids are all equally effective at relieving pain. It is important not to confuse milligram potency with effectiveness. 
Generally, one must consider which short-acting opioid to use for breakthrough pain and which long-acting opioid to use for background pain ( Table 44-6). Among the 
long-acting opioids, cost is an important consideration: methadone is substantially less expensive than all the others. When patients do not have insurance coverage 
for prescriptions, methadone may be the only viable option. The transdermal route has advantages for patients who have compliance problems or for patients who 
intermittently are unable to tolerate the oral route. Morphine is available in a 24-hour formulation (Kadian) consisting of a capsule containing pellets; this may be 
opened and sprinkled on food or flushed down an enterostomy tube, maintaining the long duration of action. In general, long-acting formulations may not be cut or 
crushed. It is preferable to use the same short-acting opioid for breakthrough pain that has been chosen for the background regimen.

Dose and Titration.  The key principle is titration to effect. Patients should be started at a standard dose, and the dose should then be increased until pain relief is 
achieved or until unacceptable side effects have ensued. Patients with moderate to severe pain generally require a round-the-clock opioid as well as a breakthrough 
medication. Patients should not have unrelieved pain unless they have opioid side effects because the absence of side effects suggests that the patient simply has 
been underdosed. Unrelieved pain should prompt rapid dose escalation; this is achieved safely by encouraging patients to take as much rescue medication as 
needed and, every 24 hours, simply calculating how much rescue medication has been consumed and adding it to the background dose. Patients should expect to 
take rescue medication one to three times daily; more frequent rescue medication usually implies a suboptimal background dose.

Example 2: A patient with metastatic CaP reports severe pain despite taking controlled-release morphine, 60 mg twice daily, and immediate-release morphine, 15 mg 
three times a day. How should his medications be prescribed?

After being encouraged to use as much immediate-release morphine as needed, the patient took 30 mg every 4 hours and achieved adequate analgesia. The 
patient's regimen was then changed to account for his morphine requirements as follows:

Background dose: 120 mg per day
Rescue requirements: 180 mg per day (30 mg × 6 doses per day)
Total: 300 mg per day
New background regimen: 150 mg twice daily

In practice, one may round down depending on what size tablets were available; in this case, 130 mg twice daily would be convenient. The size of the rescue dose 
typically must be 10% to 15% of the 24-hour dose requirement, in this case 30 to 45 mg.

Converting from One Opioid Regimen to Another.  Conversions are frequently required in the management of cancer pain. Such circumstances include side 



effects, loss of a route of administration, loss of availability of an opioid for administrative reasons, need for a less expensive alternative, and opioid rotation to 
manage opioid metabolite accumulation. An equianalgesic conversion chart is indispensable for such conversion exercises to estimate what dose of the new opioid 
will be effective and safe for a patient on an established opioid ( Table 44-6). The limitations of the available conversion charts, however, cannot be overstated. 
Cross-tolerance between opioids—that is, the degree to which a patient tolerant to one opioid will be tolerant to a second opioid—varies between opioids and 
between patients. Furthermore, most conversion charts are based on single-dose studies and may have little relevance to chronic opioid use. For example, it has 
been shown that methadone may be up to ten times more potent in chronic use than predicted by the conversion charts ( 39).

Example 3: A patient on fentanyl patch, 50 µg per hour, and i.v. morphine would like to convert completely to morphine, because it appears side effects may be due 
to the patch. He requires an all-oral regimen in preparation for discharge. His i.v. morphine consumption in the past 24 hours was 24 mg. What oral regimen should 
be prescribed?

Step 1: Use the chart (Table 44-6) to convert all opioids to oral morphine equivalents: 

Fentanyl patch, 50 µg per hour = morphine, 100 mg per day by mouth

Morphine, 24 mg i.v. = morphine, 72 mg per day by mouth

Total opioid consumption = 172 mg per day oral morphine
Step 2: Give half the total as background medication and allow the patient to make up the other half as rescue dosing. Each rescue dose must be 10% to 15% of 
the daily background dose: 

172 mg per day divided in half = 86 mg per day = 43 mg twice daily

Round down based on available pill sizes: 30 mg twice daily plus 15 mg as needed for rescue.
Step 3: Adjust the background dose as needed according to the patient's 24-hour use of rescue doses.

Adjuvant Analgesics

Corticosteroids. Corticosteroids remain among the most underused drug treatments in palliative care ( Table 44-7). A number of important beneficial effects result 
from steroid treatment: decreased pain, improved appetite, weight gain, antiemetic action, and mood elevation ( 40,41). Steroids are particularly useful in the treatment 
of neuropathic pain due to cord compression, brachial or lumbosacral plexus invasion, or peripheral nerve infiltration. Other steroid-responsive pain syndromes 
include headache due to increased intracranial pressure, arthritic pains, and pain due to visceral obstruction ( 42). Dexamethasone, 12 to 24 mg per day, or 
prednisone, 30 to 100 mg per day, has been the most commonly prescribed chronic regimens, although benefits have been described for lower doses. Few systematic 
comparisons between different steroids or different doses have been conducted. Unfortunately, the beneficial effects of steroid use tend to wane after 2 to 3 months of 
treatment, at which time side effects (myopathy, edema, hyperglycemia, immune suppression, confusion, and others) may become relevant. Therefore, chronic 
palliative use of steroids is usually limited to patients with less than 2 to 3 months to live, or for short-term treatment while other palliative treatments are being 
instituted. Due to the risk of ulcers, steroids should generally not be used concomitantly with NSAIDs. In addition, abrupt dose reduction or discontinuation may result 
in a steroid withdrawal syndrome, which, among other symptoms, is often characterized by increased pain. Despite these concerns, low-dose steroid treatment is 
generally well tolerated even in the terminally ill.

TABLE 44-7. ADJUVANT ANALGESICS

Stimulants. Psychostimulant medications are used in the palliative care setting primarily to reverse opioid-induced sedation, although they also have analgesic 
properties independent of opioid effects. A number of randomized controlled trials have confirmed the antisedative and analgesic effects ( 43,44). Cognitive impairment 
has been shown to improve as well. As sedation reverses, the opioid therapeutic window opens, allowing further opioid dose escalation. The two most common 
regimens are methylphenidate (Ritalin), 5 to 10 mg by mouth twice a day, and dextroamphetamine (Dexedrine), 2.5 to 5.0 mg by mouth twice a day, with the second 
dose no later than midday to avoid insomnia. Both of these medications are also extremely useful as antidepressants in this population, with beneficial effects 
accruing within days [as opposed to weeks with the tricyclic or selective serotonin reuptake inhibitor (SSRI) antidepressants]. The doses are then escalated until the 
desired effect is achieved, with few patients requiring more than 40 mg per day of either drug. Occasional patients do best with a third dose. Significant side effects 
are uncommon, with mental status changes and cardiac arrhythmias being the chief concerns.

Antidepressants. Tricyclic antidepressants (TCAs) are useful agents in the treatment of neuropathic pain ( Table 44-7). Although controlled studies demonstrating the 
benefit of TCAs have been demonstrated primarily in noncancer neuropathic pain states ( 45), a few studies and substantial anecdotal experience suggest their use in 
cancer-related pain as well, both neuropathic and nonneuropathic ( 46). The TCAs should be viewed as adjuvants, with opioids the mainstay of pharmacotherapy for 
cancer pain, including neuropathic pain. The most prudent indications for TCAs in cancer pain are neuropathic pain or nonneuropathic pain accompanied by other 
symptoms that might respond to a tricyclic (insomnia, depression, or visceral spasm). The most common side effects are anticholinergic: dry mouth, sedation, urinary 
retention, constipation, and orthostasis. Elderly and debilitated patients are at increased risk of falling. The commonly used tricyclics in order of most to least side 
effects are: amitriptyline (Elavil), doxepin (Sinequan), imipramine, nortriptyline (Pamelor), and desipramine (Norpramin). Efficacy of these agents is similar. Choice of 
agent depends primarily on side effects: in patients in whom nighttime sedation is desired, amitriptyline or doxepin is a reasonable choice. If avoidance of side effects 
is a high priority, desipramine or nortriptyline is best. Dosage of these agents is the same: Start with 10 to 25 mg by mouth every night and increase as tolerated until 
the desired effects are produced. The usual therapeutic doses for pain are 50 to 75 mg every night, but patients may require 150 mg per day or more. Serum levels 
are not clinically useful in adjusting doses to produce analgesia but have a role in toxicity monitoring. Analgesia takes 2 to 4 weeks to begin. These agents are not 
usually first choice antidepressants in this population, owing to the relatively high incidence of side effects at antidepressant doses. Of note, the SSRIs, although 
better tolerated as antidepressants, are not in general analgesic.

Anticonvulsants.  Anticonvulsants are useful in some neuropathic pain states ( Table 44-7) (47). Gabapentin has become popular in the management of neuropathic 
and other types of pain (48); other agents have some efficacy as well. Gabapentin is well tolerated, with the major dose-limiting side effects being dizziness, sedation, 
and nausea. Serious side effects or drug interactions are extremely rare. Gabapentin does not cause the common hematologic and hepatic side effects of the other 
anticonvulsants (although reversible leukopenia is rarely seen). No routine hematologic monitoring is required. Clinical experience has demonstrated a wide 
interpatient variability in the dose of gabapentin required to produce benefit (and side effects), varying between as low as 50 mg three times a day and 3,600 mg three 
times a day. Therefore, one must start low (e.g., 100 mg three times a day) and titrate upwards as needed. Because efficacy is seen within approximately 2 days, 
upward titration may proceed every other day, if needed. Other choices have been carbamazepine (Tegretol) and phenytoin (Dilantin), but the hematologic and 
hepatic side effects of these drugs, as well as their limited efficacy, have made them less popular than the other available adjuvants. Lamotrigine and topiramate have 
been shown in small recent case series to have efficacy against neuropathic pain, but their potentially significant side effects and prolonged titration periods render 
them second-line agents at best at this time. It is worth reemphasizing that in the patient with neuropathic cancer pain, the adjuvant agents are just adjuvants. Opioids 



remain the mainstay of therapy except for a few patients whose pain can be well controlled with adjuvants alone.

Neuroleptics. Although neuroleptics have been used as adjuvant analgesics in the treatment of chronic pain for decades, their role is limited at best. The only 
neuroleptic with definite analgesic properties is methotrimeprazine (Levoprome) ( 49,50). Methotrimeprazine is occasionally used as an analgesic in patients with 
opioid tolerance or side effects; this drug also has antiemetic and anxiolytic properties. Sedation and hypotension are common side effects, which has led to its role in 
terminal sedation. Other phenothiazines have a role in the treatment of nausea and vomiting [especially haloperidol (Haldol)] and for anxiety, psychosis, 
hallucinations, or intractable insomnia.

Bisphosphonates.  The bisphosphonates are a group of analogs of endogenous pyrophosphates that inhibit bone resorption in vivo. They are used for treatment of 
hypercalcemia of malignancy, prevention of pathologic fractures in malignancy (especially breast and multiple myeloma) and osteoporosis, and for the reduction of 
pain due to bony metastases (51). In the United States, pamidronate (Aredia) and etidronate are available; alendronate is used for the treatment of osteoporosis. 
Bisphosphonates may be less effective in osteoblastic bone tumors, such as CaP. However, even bony metastases from CaP have osteolytic components, and 
therapeutic responses to bisphosphonates have been demonstrated in CaP ( 52,53). An evidence-based review suggested that bisphosphonates should be part of 
routine treatment of patients with bone pain due to metastatic CaP. The usual regimen is pamidronate, 90 mg i.v. monthly.

Calcitonin. Calcitonin is also a potent osteoclast inhibitor used to treat hypercalcemia of malignancy and pain due to bony metastases. Although some studies have 
shown benefit (54,55), many patients fail to respond (56). Calcitonin is administered subcutaneously twice daily and causes nausea and vomiting in a substantial 
number of patients. Typical doses are in the range of 100 IU twice a day, although starting at lower doses may limit side effects. The optimal indications and 
administration guidelines are unknown.

Cannabinoids. The cannabinoids have analgesic properties in animal and human models of pain ( 46). However, side effects are common and analgesia inconsistent. 
Therefore, these drugs have not become widely used in the treatment of pain.

Nonpharmacologic Pain Management

Physical and psychosocial modalities are an important part of the overall approach to symptom management in cancer and to chronic illness in general ( 12). These 
approaches may be performed by professionals but also may be carried out by patients and their families, giving them the opportunity to participate in their self-care. 
Patients and families struggling with terminal illness often suffer from the sense of having no control. This may create anxiety, loss of coping skills, and leave them 
believing as if their fate lies entirely in the hands of health care providers. Patients should be taught psychosocial treatments for self application to not only feel better, 
but also to feel more in control, more able to function, and less reliant on the health care team. The physical modalities, especially exercise, focus on ability to 
function, which is often given inadequate attention in the health care setting. The psychosocial modalities focus on areas such as coping strategies and spiritual 
support, supplementing the disease focus of medical visits.

The physical modalities include heat and cold, massage, immobilization, transcutaneous electrical nerve stimulation, other physical therapy modalities, and 
acupuncture. These modalities should be introduced early in the disease process to help patients minimize the need for pharmacologic approaches and minimize the 
morbidity associated with the disease and its treatment. Exercise, in particular, is an important and frequently overlooked treatment for deconditioning and functional 
restoration. The guidance of a physical therapist experienced in treating cancer patients may be invaluable in maximizing function and quality of life in this population.

A variety of psychosocial techniques are available that help patients reduce pain and other symptoms, stabilize mood, and enhance the sense of coping, control, and 
participation that is so important in patients suffering from cancer. When introduced early in the illness when there is sufficient strength and ability to concentrate, 
these techniques may provide comfort to patients through the entirety of their disease course. Approaches include cognitive techniques, patient education, behavioral 
techniques (e.g., biofeedback, imagery), and psychotherapy.

Interventional Techniques

Spinal Analgesia

Background. The discovery in the late 1960s that opioids produce analgesia by binding to specific receptors in the brainstem and spinal cord led investigators to 
attempt to produce selective analgesia by directly infusing opioids onto the spinal cord. This approach has become widespread. In this chapter, the term spinal is used 
to refer to intrathecal (subarachnoid) and epidural use. In most anesthesia texts, spinal refers specifically to intrathecal use. Opioids injected intrathecally act by 
binding directly to receptors in the dorsal horn of the spinal cord. Opioids injected into the epidural space must traverse the dura, enter the subarachnoid space, and 
then bind to the spinal cord. Much of the medication is lost in transition; therefore, epidural doses of opioid analgesics are higher than subarachnoid doses. Systems 
are available for long-term administration by either route.

Drugs. A number of different opioid and nonopioid analgesics are available for long-term spinal administration ( Table 44-8). The hydrophilic opioids, morphine and 
hydromorphone, are preferred, because their hydrophilicity confers the property of rostral spread in sufficient concentrations to produce analgesia along all 
dermatomes. Thus, a lumbar catheter may be used to treat pain arising from the feet to the head. The lipophilic opioids, such as fentanyl and sufentanil, are taken up 
rapidly into the systemic circulation. They are more useful for pain arising from a circumscribed dermatomal distribution, such as from pancreatic cancer or restricted 
chest wall pain. Opioids alone may provide better analgesia with fewer side effects than systemic (oral or i.v.) opioids, the addition of a dilute local anesthetic is 
usually much better, especially for neuropathic or incident pain. Clonidine (Duraclon), an a2 agonist, has been shown to have powerful analgesic properties when 
used epidurally. Dose-limiting side effects usually preclude using clonidine as a sole analgesic agent, and it is usually added to an opioid to boost analgesia.

TABLE 44-8. SPINAL ANALGESICS

Drug Side Effects. Side effects of spinal opioids are fairly common, although patients become rapidly tolerant to most. These include pruritus, nausea and vomiting, 
respiratory depression or arrest, confusion, sedation, and urinary retention. Side effects of spinal local anesthetics include hypotension, sensory loss, and motor 
weakness. These side effects are uncommon in clinical analgesic doses. The major side effects of clonidine are sedation and hypotension. The ideal agent or 
combination of agents is far from clear.

Devices. Several types of devices are available for implantation. A temporary epidural catheter is used for short-term pain relief (e.g., postoperatively). The 
advantage is ease of insertion, which can be done at the bedside. Disadvantages are the frequency of technical problems and infections with use lasting longer than 1 
to 2 weeks. Several catheters are available for long-term use. The most commonly used is the Dupen epidural catheter, which is analogous to a Hickman catheter. 
Advantages are relative ease of implantation (a short operating room procedure) and relative durability, compared to temporary catheters. Disadvantages are the 
long-term costs of maintaining these catheters (related mainly to home care and pharmacy charges), cumulative risk of infection, and need for the patient to remain 
attached to an external pump. Epidural Port-A-Cath devices are available, analogous to the i.v. Port-A-Cath device. Advantages are durability and resistance to 
dislodgment and other technical complications. Disadvantages are cumulative risk of infection and the need, in general, to continuously access the port, with the 



patient attached to an external pump.

Completely implanted pumps are also available. These devices are approximately the size of a hockey puck, implanted in a s.q. pocket in the abdomen and 
connected via a tunneled catheter to the subarachnoid space. Advantages are that patients are not encumbered by attachments to an external pump and need only 
appear for pump refills every 1 to 3 months. Some of these pumps are programmable and may be programmed to give boluses at night, less medication during the 
day, and other indications. Disadvantages are that these pumps have no capacity for doses as needed, and patients usually still need to supplement with oral doses. 
The implantation procedure is more involved, but the long-term risks of infection is less than with the externalized catheters. These pumps are expensive, but the 
costs of externalized catheters exceed the costs of the implanted pump after approximately 3 to 6 months.

Several case series have demonstrated that a majority of patients who have failed conservative medical management for cancer pain do well with spinal analgesics 
(57,58 and 59). Patient selection criteria for these technologies are not completely defined and await randomized trials. In general, patients are candidates for spinal 
analgesia if they have failed comprehensive medical therapy, including all steps of the WHO ladder. This generally translates to inadequate analgesia from maximally 
tolerated doses of systemic opioids. The more caudad in the body the pain is, the greater the likelihood of success (i.e., leg pain responds better than head and neck). 
Contraindications to implantable devices include sepsis, uncontrolled coagulopathy, or poorly controlled psychiatric disorders. The main obstacle in optimal clinical 
application of spinal analgesic delivery systems is that patients are referred for implantation too late or not at all.

Nerve Blocks

General Considerations. Nerve blocks can be carried out with local anesthetics, steroids, or neurolytic agents (alcohol or phenol). Local anesthetics block nerve 
function for a few hours and are used to prognosticate whether a “permanent” neurolytic block would provide long-term pain relief. Lack of relief from a diagnostic 
local anesthetic block reliably indicates that a neurolytic block would fail; positive response to a diagnostic block, on the other hand, does not guarantee success. 
Affected body parts that can be denervated with greater or lesser success include the viscera (e.g., pancreas, liver, rectum, ovary), somatic structures (e.g., the chest 
wall and ribs), and nerves themselves (e.g., the brachial plexus). Some neurolytic blocks have the potential for the loss of normal function. These blocks are generally 
reserved for patients who have already lost function, or for whom conservative measures have failed. While the availability of nondestructive techniques has 
decreased the need for neurolytic procedures, overall, these procedures are probably underused owing to referral obstacles, limited expertise, and similar issues.

Patient Selection. Patients who fail to achieve pain relief from noninvasive modalities often face a choice between spinal analgesia and neural blockade. Advantages 
of spinal analgesia are its nondestructive and reversible nature. Disadvantages include the risk of infection of implanted systems, side effects of spinally administered 
medications, and the burden in many cases of being tied to an externalized pump and the relevant home care issues. Advantages of neurolytic blockade are that it is 
finished in one visit and either works or does not work, without any ongoing burden. The disadvantage is the risk of loss of neurologic function, but, for the commonly 
performed blocks, this risk is small and outweighed by the burden of the externalized pumps. In the author's experience, if a commonly performed neurolytic block is 
indicated, then it is preferable to start with the block and proceed to spinal analgesia, if needed. The most important blocks will be described briefly below. Readers 
interested in further information may consult a number of excellent references ( 11,60,61).

Celiac Plexus Block. The celiac plexus sits in front of the aorta at the T12-L1 level and innervates the upper abdominal viscera, including the pancreas, stomach, liver, 
spleen, lower esophagus, and intestine down to the transverse colon. This injection is classically performed for pancreatic cancer but may be performed for primary or 
metastatic disease of any of the previously mentioned visceral structures. In pancreatic cancer, 75% of patients achieve an average of 4 months of pain relief (range, 
weeks to a year). Complications are uncommon and include transient diarrhea (a blessing for most patients) and, rarely, genitofemoral neuritis or paraplegia.

Hypogastric Plexus Block. This plexus sits anterior to the iliac bifurcation at the L5-S1 level and innervates the pelvic viscera, including the uterus, ovaries, bladder 
(which also is innervated from sacral nerve roots), rectum, prostate, and, partially, the cervix. This block has primarily been used for gynecologic malignancies, with 
results similar to the celiac block ( 83). Serious complications have not been reported.

Subarachnoid Neurolysis. This is most widely used for chest wall pain, because there is little risk of loss of neurologic function. Subarachnoid alcohol may also be 
used to denervate the arm or leg in cases of intractable pain due to plexopathy, usually in which limb function has already been lost. In CaP, the most relevant 
application would be the neurolytic saddle block for perineal pain. For this block, patients are kept sitting, and a fine needle is placed in the subarachnoid space at 
L5-S1 as if to perform a lumbar puncture. Then, small aliquots of phenol are injected, producing a burning sensation in the perineum. In skilled hands, this block 
eliminates sensation in the saddle distribution of the perineum but does not alter leg function. Owing to the risk of bowel or bladder incontinence, this block is 
generally reserved for patients who have already lost these functions.

Sympathetic Blocks. Substantial evidence exists that blockade of the sympathetic chain (stellate ganglion, lumbar sympathetic ganglia) with local anesthetic reduces 
the pain of acute herpes zoster and may prevent postherpetic neuralgia. Neurolytic bilateral lumbar sympathetic blocks have been described for the treatment of 
tenesmus and pelvic visceral pain (62).

Intralesional and Intraarticular Steroid Injections. For patients with pain due primarily to a single bony metastasis, injection of a combination of local anesthetic and 
steroids may provide profound and long-lasting analgesia. Incident pain may respond completely to this technique. Injections may be performed into joints with 
juxtaarticular metastases or directly into metastatic lesions, such as in long bones or the pelvis. The author has performed approximately a dozen such procedures 
over several years and has observed analgesia lasting up to 6 months. Patients may benefit from repeated injections. No adverse effects have been seen. Sites have 
included the sternoclavicular, sacroiliac, glenohumeral, and knee joints, and the talus, scapula, and sternum. A clinical trial is in progress.

Neurosurgical Procedures

A variety of neurosurgical procedures have been performed over the years to provide relief from cancer pain. Potential benefits include reduction in pain and 
analgesic reliance; potential complications include return of pain, neurologic dysfunction, and new pain resulting from the procedure. Analogous comments to the 
neurolytic blocks apply: These procedures have in many cases been made unnecessary by the availability of nondestructive interventions but, due to referral 
obstacles, are still probably underused. Percutaneous anterolateral cordotomy is the most commonly performed procedure. Under local anesthesia, the surgeon 
directs a radiofrequency needle through the skin at C1-2 into the spinal cord under radiographic guidance. Small radiofrequency lesions are made in the 
spinothalamic tract. The result is loss of pain and thermal sensation on the opposite side of the body below the shoulder, with preservation of other functions. This 
procedure is useful for strictly unilateral pain involving mainly somatic structures. Bilateral percutaneous cordotomy is not done, owing to the risk of Ondine's curse 
(apnea) (63,64).

Hypophysectomy, or ablation of the pituitary gland, may produce profound pain relief in patients with pain due to metastatic cancer, whether the underlying tumor is 
hormone dependent or not. Ablation may be accomplished surgically or chemically and confers a 40% to 70% chance of pain relief ( 65). Hypopituitarism is an 
expected consequence of surgery and requires hormone replacement. Other complications include damage to the optic or oculomotor nerves and cerebrospinal fluid 
leakage. Clinical indications for hypophysectomy, as opposed to other interventional treatments for intractable cancer pain, are not clear. In general, procedures such 
as spinal analgesia are considered more conservative and reliable.

Intraventricular opioids may be delivered via an implanted Ommaya reservoir or by direct connection to an implanted pump. Results approach those of spinal opioids, 
with up to 90% of patients reporting successful pain relief ( 66). The major indication is pain due to head and neck cancer that is unresponsive to conservative 
modalities. Small doses of morphine (e.g., 1 mg) may last several days after a single injection. Major complications include infection of the device, nausea, pruritus, 
and drowsiness, and other typical opioid side effects may also occur ( 67).

SYMPTOM CONTROL

Nausea and Vomiting

General Considerations

Nausea and vomiting occur in approximately 15% of a palliative care population with advanced CaP ( 68) and may be much more common in the terminal phase. The 
approach to the patient with nausea and vomiting begins with a systematic diagnosis and treatment of underlying conditions that may be causing the symptoms ( 69). 
For patients with persistent symptoms, the next step is to determine the pathophysiologic category of the nausea and vomiting and to select an appropriate antiemetic 



or combination. Finally, patients require follow-up to monitor and modify treatment. In the CaP population, most cases are due to gastroparesis, cachexia, opioids, 
constipation, and metabolic abnormalities.

Pathophysiology

Much progress has been made in understanding the pathophysiology of nausea and vomiting ( 69). Nausea and vomiting are controlled by a loose collection of cells 
and tracts in the lateral medullary reticular formation called the vomiting center (VC). The VC integrates the various visceral, vestibular, cortical, respiratory, salivary, 
vasomotor, and somatic motor components into a complex coordinated reflex. The VC receives input from another center, the chemoreceptor trigger zone (CTZ), 
located in the floor of the fourth ventricle. The CTZ detects toxins in the blood or cerebrospinal fluid and gives input to the VC. Vagal afferents from the gut transmit 
information to the VC and possibly the CTZ as well. Multiple neurotransmitters and receptors have been identified in the CTZ and VC ( 70), including dopamine, 
serotonin, histamine, opioids, and cannabinoid receptors. Knowledge of this receptor pharmacology has driven the drug development process for antiemetics and 
guides their use (71).

Clinical Approach

The differential diagnosis of nausea and vomiting is presented in Table 44-9. As with all symptoms, the initial approach consists of a history and physical examination 
supplemented by laboratory examinations and radiologic tests, as indicated. Treatment-related nausea and vomiting are well described in oncologic patients; these 
syndromes are less common in CaP, owing to the lack of highly emetogenic chemotherapy regimens used in its treatment. Treatment-related nausea and vomiting are 
therefore not discussed in detail. The most effective treatment approaches have been combinations of a serotonin receptor antagonist [e.g., ondansetron (Zofran)] 
with a corticosteroid and a benzodiazepine.

TABLE 44-9. DIFFERENTIAL DIAGNOSIS OF NAUSEA AND VOMITING

Drug-induced nausea is among the most common causes. Common offenders include opioids, antibiotics, NSAIDs, digoxin, estrogens, and others. Most patients 
become tolerant to opioid-induced nausea, which can be managed meanwhile by dopamine antagonists [haloperidol, prochlorperazine, or metoclopramide (Reglan)]; 
otherwise, patients can be switched to another opioid. Metabolic causes include hypercalcemia, hyponatremia, and uremia [chlorpromazine (Thorazine) is said to be 
effective for the nausea of uremia]. Irritation or distention of the GI tract from pharynx to rectum may cause nausea or vomiting. Pharyngeal lesions may cause 
vomiting directly by stimulation of the VC or may cause persistent cough and cough-induced vomiting. Potential offenders include tenacious sputum or infectious 
lesions, such as candidiasis. Treatment of underlying causes, inhalational treatments to loosen sputum, and local anesthetic sprays are management options. 
Distention of the stomach may result from mechanical pressure, known as the “squashed stomach syndrome”; possible causes include hepatomegaly, ascites, 
adjacent tumor, or gastroduodenal inflammatory lesions. Alternatively, gastric distention may result from physiologic stasis; possible causes include drugs 
(anticholinergics, opioids) or autonomic failure (e.g., due to diabetes). A syndrome in advanced cancer consisting of autonomic failure, including gastric distention, 
has been described. Patients must be evaluated for complete obstruction and treated appropriately, if needed, with curative or palliative measures. For a partial 
obstruction or physiologic stasis, prokinetic agents may be used. Metoclopramide increases peristalsis of the stomach and upper small bowel; cisapride (Propulsid) 
increases peristalsis of the entire bowel. Prokinetic agents may worsen colicky pain or produce esophageal spasm, which may create diagnostic difficulties. Gastric 
secretion may be decreased by adding H2 antagonists, omeprazole, or octreotide (Sandostatin). Anticholinergic agents may be used for otherwise unresponsive 
nausea, recognizing that their antiperistaltic effect may worsen constipation.

Constipation is a notorious and common cause of nausea and vomiting in cancer patients. Abdominal x-rays may be inconclusive; every patient evaluation for new or 
intractable nausea or vomiting should include a physical examination for constipation, including a rectal examination to rule out impaction. Increased intracranial 
pressure may present with nausea and vomiting; common causes include brain metastases or abscesses, cerebral edema, or intracranial hemorrhages. Treatment of 
the nausea consists of high-dose steroids plus antiemetics, if needed. Movement-associated nausea, akin to motion sickness, may occur in a variety of settings and 
may respond to anticholinergic antiemetics. Anxiety or pain commonly causes nausea and vomiting. Anticipatory vomiting is a well-known complication of 
chemotherapy; treatment may include benzodiazepines or psychological techniques.

For resistant cases of nausea and vomiting, several treatment options remain. Combinations of antiemetics acting at different receptors are often more effective than 
individual agents, regardless of the theoretically implicated receptor. Methotrimeprazine is a phenothiazine with antiemetic and analgesic properties that may be 
administered by continuous s.q. infusion. Propofol is an i.v. general anesthetic agent; anecdotal reports suggest that subanesthetic doses are antiemetic with a longer 
duration than their anesthetic effect. Psychological techniques ( 72) and acupuncture (73) have been effective in certain situations.

Pharmacology

Available antiemetic drugs are summarized in Table 44-10. They may be considered according to their receptor activity. Antagonists at the 5-HT 3 subtype of the 
serotonin receptor have achieved great importance in the treatment of nausea and vomiting ( 74). These receptors are present in the intestinal wall, vagal afferents in 
the intestine, and the CTZ and VC centrally. These agents are established for the treatment of treatment-induced nausea and vomiting and also appear to have a role 
in postoperative nausea and vomiting. Their role for other types of nausea is less clear, and they are expensive. Currently available agents in the United States are 
ondansetron and granisetron (Kytril). No clinically significant differences between them have been demonstrated, although several studies have shown greater patient 
preference for granisetron (75).

TABLE 44-10. ANTIEMETIC DOSING GUIDELINES



Constipation

Constipation is one of the most common and distressing symptoms suffered by cancer patients (76). Many patients choose to have pain rather than suffer the 
constipating effects of opioids. The vast majority of healthy individuals has bowel movements at least three times a week. Symptoms of constipation include 
decreased frequency of bowel movements, straining at stool, a sensation of incomplete evacuation, and small hard stools. Causes of constipation include

Low fiber diet
Dehydration, weakness, inactivity
Drugs (opioids, anticholinergics, ondansetron, diuretics, iron)
Reduced defecation (weakness, confusion, pain)
Depression
Hypercalcemia, hypothyroidism, hypokalemia
Compression by extrinsic or intrinsic tumor
Anal disorders: hemorrhoids, fissures, stenosis
Autonomic neuropathy (diabetes, advanced cancer)

By far the most common cause of constipation in cancer patients is opioids given without laxatives. The author has seen many patients with abdominal pain due to 
constipation treated with morphine. Every patient on opioids should be started on prophylactic laxatives: Like pain, constipation is more easily prevented than treated. 
Patients often have alternating constipation and diarrhea due to intermittent use of laxatives. Patients who are not eating still produce feces and may become 
constipated. Constipation may produce anorexia, nausea, vomiting, abdominal pain, rectal pain, urinary retention or incontinence, confusion, and sometimes frank 
obstruction. The pain is usually colicky and can radiate to the back, chest, and proximal legs. Patients may present with liquid stools around a fecal obstruction.

The clinical approach begins with the history: When was the last bowel movement, the one before that, stool consistency, stool amount, laxatives, and associated 
symptoms (nausea, distention)? The physical examination may show abdominal distention, tenderness, and masses. The rectal examination may show fecal 
impaction, hemorrhoids, fissures, or an empty rectum if obstruction is higher up. Plain x-rays may show stool and may help rule out mechanical obstruction.

A reasonable goal of treatment is to have good bowel movements at least every 3 days. All patients on opioids should be on a stool softener, as well as a peristaltic 
agent (e.g., senna) on a daily basis, increased until treatment goals are reached. Once patients are on a stable prophylactic laxative regimen, if they fail to meet their 
bowel movement target, then a supplemental laxative (e.g., lactulose), suppository [e.g., bisacodyl (Dulcolax)], or enema should be used until a bowel movement 
occurs. Another option in the treatment of opioid-induced constipation is oral naloxone ( 77), which may soon be commercially available as a tablet. The starting dose 
is 1 mg twice daily, which may be increased as high as 16 mg twice daily. The major side effects of oral naloxone are occasional abdominal cramping, reversal of 
analgesia, or frank withdrawal. Patients with an empty rectum due to high impaction may need high enemas. Patients with multiple palpable fecal masses may need 
oil retention or soap suds enemas to soften the feces, followed by phosphate enemas or other prokinetic agents to stimulate the bowel. Manual disimpaction may be 
required. This is often painful and should be preceded by analgesics.

General measures include maximizing the patient's physical activity levels, adequate oral hydration when possible, having the patient sit for bowel movements rather 
than lie on a bedpan, maximize fiber content of the diet, and avoiding constipating drugs when possible. Despite these measures, most patients with advanced 
cancer, whether on opioids or not, will require laxatives. Approximately half of patients in hospice will require rectal measures on a regular basis ( 78). Bulk forming 
laxatives are high-fiber foods that contain polysaccharides or cellulose compounds that resist digestion and contribute to higher volume, softer stools. If not taken with 
adequate quantities of fluid, then they may make matters worse. Bulk-forming agents have a limited role in the cancer population. Emollient laxatives act as 
detergents, allowing water to enter fat in the stool, producing a softening effect. Docusate (Colace) at a dose of 100 mg three times a day alone or combined with an 
antiperistaltic agent [casanthranol (Peri-Colace)] is commonly used. The efficacy of docusate alone is questionable. Lubricant laxatives include mineral oil and 
paraffin. These agents lubricate the stool surface, allowing easier colonic passage. Paraffin alone has been associated with complications and is not popular. Saline 
laxatives include magnesium citrate or sulfate and sodium phosphate or sulfate. These agents exert an osmotic effect throughout the intestine. In sick patients, these 
agents may cause undesirably strong cathartic effects or electrolyte imbalances and are therefore used when standard agents have failed. Stimulant laxatives are the 
most popular agents for constipation. These include anthraquinone derivatives (senna, cascara, and danthron) and diphenylmethane derivatives (bisacodyl and 
phenolphthalein). Some patients may develop cramping. Starting doses are senna, 15 mg per day; danthron, 50 mg per day; or bisacodyl, 10 mg per day. Bisacodyl is 
also effective as a rectal suppository. Osmotic laxatives are not broken down in the intestine and act as osmotic agents to draw water intraluminally. Options include 
lactulose, mannitol, and sorbitol. Lactulose is effective and popular but expensive. Some patients may experience bloating, colic, or flatulence, and the sickly sweet 
taste is intolerable to some patients. Prokinetic agents may be considered as well. These include metoclopramide, which enhances motility of the stomach and upper 
small bowel, and cisapride, which enhances motility of the entire bowel. These agents may help in constipation, nausea, early satiety, and vomiting caused by 
functional disorders of bowel motility. Contraindications to the use of these agents include partial or complete bowel obstruction. Metoclopramide may cause dystonic 
reactions or akathisia; cisapride is contraindicated in patients with a prolonged QT interval and a pretreatment electrocardiogram is required.

Our regimen at Brigham and Women's Hospital calls for senna, two tablets nightly, which is increased up to eight tablets a day, if needed. In addition, patients take 
docusate, 100 mg twice a day to three times a day. If the patient fails to have a bowel movement for 3 days, lactulose, 30 mL, is taken every 4 hours until a bowel 
movement occurs.

Bowel and Bladder Symptoms

Bladder spasms are caused by hyperactivity of the detrusor muscle and cause intermittent suprapubic pain and urinary urgency. Spasms occur from radiation cystitis, 
tumors of the bladder or prostate, bleeding, or indwelling catheters. Urinary infection and fecal impaction must be excluded. Bladder spasms (e.g., with catheters) may 
be treated with belladonna and opium suppositories per rectum every 4 hours, low-dose oxybutynin, 2.5 to 5.0 mg orally two times per day, up to 10 mg three times a 
day (79), or hyoscine butylbromide, 10 mg orally once or twice per day. Oxybutynin and other agents may be administered directly into the bladder ( 80,81). TCAs also 
reduce bladder spasms (e.g., imipramine, 25 to 50 mg at bedtime). NSAIDs can sometimes reduce detrusor activity (e.g., naproxen, 500 mg twice a day) ( 82). 
Bromocriptine starting at 1.25 mg per day and increasing up to 2.5 mg twice a day may reduce urgency and frequency but may cause nausea, headache, and postural 
hypotension. Constant bladder pain may arise from a tumor of the bladder, prostate, or rectum and infection or blood clot. The primary cause should be addressed 
when possible. A conventional analgesic approach beginning with NSAIDs and opioids should begin the process. Pyridium is often taken orally to provide a local 
anesthetic effect on the bladder but is seldom effective. Interventional procedures may be appropriate for intractable pain from the bladder. The procedures used 
include superior hypogastric plexus block, bilateral lumbar sympathetic block ( 62), intrathecal alcohol or phenol neurolysis, and neurolytic sacral root block. Spinal 
administration of analgesics may also be effective ( 84).

Urinary frequency can be caused by infections, fecal impaction, diuretics, atrophic vaginitis, diabetes insipidus, diabetes mellitus, hypercalcemia, and bladder 
spasms. Dysuria tends to be relatively opioid insensitive. Other options for dysuria include potassium citrate, 10 mL four times a day; sodium bicarbonate, 2 to 4 g per 
day; and phenazopyridine, 200 mg four times a day (76).

Bowel symptoms in the setting of CaP are usually consequences of radiotherapy. Corticosteroid enemas or sulfasalazine have been effective in some patients ( 85). 
Laser treatment may be useful for bleeding. The successful use of sucralfate enemas has been reported, but studies have only described short-term follow-up ( 23).

Diarrhea may occur in the palliative care setting. Common causes include fecal impaction, partial mechanical bowel obstruction, steatorrhea (malabsorption), 
laxatives, drugs (antibiotics, antacids, NSAIDs, oral phosphate, chemotherapy, and antifibrinolytics), rectal tumors, and fecal incontinence. Beyond removing the 
offending cause when possible, symptomatic treatments include loperamide, 2 to 4 mg every 6 hours, and octreotide for secretory diarrheas.

Rectal pain may be of several different types. Constant pain in the rectal area may arise from local tumor. Such pain may persist even after the rectum is removed, 
so-called phantom rectal pain. Tenesmus refers to a frequent painful sensation of having to move the bowels. It is usually caused by rectal or pelvic tumor but may 
also arise from radiation proctitis or fecal impaction. Conventional analgesic approaches, including NSAIDs and opioids, should be used but are often unsatisfactory. 
Medications that reduce smooth muscle spasm, such as dicyclomine (Bentyl), are often used for rectal spasm or tenesmus; unfortunately, doses that reduce spasms 
often produce intolerable anticholinergic side effects. Anecdotal reports describe the use of calcium channel blocking agents ( 86). Radiation for rectal tumor or 
systemic steroids may help. Interventional treatments have been used successfully, including ganglion of impar blocks ( 87), bilateral lumbar sympathetic blocks (63), 



intrathecal neurolysis ( 88), and spinal analgesic infusions.

Anorexia

Anorexia occurs in approximately 65% of patients in hospice and approximately 33% of patients with advanced CaP in a palliative care setting ( 68). Specific causes of 
anorexia include oral thrush, nausea, constipation, hypercalcemia, chemotherapy, radiation, and drugs. Often no specific cause is found. Psychological factors may 
be important, and depression should be assessed and treated. Pharmacologic approaches that have been shown to be effective include steroids (dexamethasone, 4 
mg or prednisone, 10 mg three times a day) and megestrol acetate (Megace) (480 to 1,600 mg per day). Megestrol additionally improves food intake, reduces fatigue, 
and improves sense of well-being (13). Steroids also help nausea and pain and also improve sense of well-being but do not increase food intake or promote weight 
gain, and the effects often decline after a few months. It is often most appropriate to use megestrol in relatively well patients and steroids for patients in their last few 
months. For patients with small stomach syndrome or delayed gastric emptying, metoclopramide, 10 mg four times daily (before meals), plus frequent small feedings 
may help. Making meals attractive to the individual patient, sometimes strongly flavored food, and eating in a room other than the sickroom may help ( 76). 
Consultation from a dietitian may also be helpful.

Fatigue

Fatigue is a common and distressing symptom in cancer patients that as yet has not been clearly characterized or well studied. A variety of studies of fatigue using 
different criteria have found this symptom to be present in approximately 75% of cancer patients ( 89), even higher after treatment (90,91), and to be distressing on 
one-third to one-half of these (92). In CaP patients, fatigue has been associated with hormonal treatments, especially after orchidectomy ( 93). The differential 
diagnosis of fatigue is broad and not well defined. The underlying disease or its treatments (chemotherapy, radiotherapy, surgery, or biologic response modifiers) may 
be implicated. Other medical causes include anemia, infection, organ failure, malnutrition, neuromuscular disorders, dehydration, electrolyte disturbances, 
hypothyroidism, adrenal insufficiency or steroid withdrawal, and drugs (e.g., opioids, sedatives, antiemetics, antihistamines). Miscellaneous causes include sleep 
disorders, deconditioning, and chronic pain. Psychosocial factors are important and may include anxiety and depression. Anemia appears to be an important factor in 
producing fatigue in the cancer patient. Several studies ( 94,95) have demonstrated that administration of erythropoietin can increase hematocrit in anemic cancer 
patients and improve fatigue and overall quality of life.

The management of fatigue begins with a comprehensive assessment, including identification of potential causative factors. There must be an overall sense of goals 
of treatment set by the health care team in collaboration with patient and family. There may be multiple potential predisposing factors; some may be easily treatable 
(e.g., polypharmacy or depression), some may be treatable only with difficulty or by excessively burdening the patient (e.g., decreasing analgesics, obtaining multiple 
tests), and some may not be treatable (e.g., renal failure or advancing malignant disease). Pharmacologic options for the treatment of fatigue have not been well 
studied, but several reasonable options exist. The psychostimulant class of medications may be applicable ( 96). Corticosteroids have been shown to be useful for 
fatigue (40). Amantadine has been used for fatigue related to multiple sclerosis but has not been reported in cancer-related fatigue. An antidepressant is warranted in 
any fatigued patient with depression; a minimally sedating antidepressant, such as an SSRI, would be appropriate. Nonpharmacologic interventions—exercise, sleep 
hygiene, appropriate pacing of activities, judicious use of naps and rest periods, patient education, and stress management techniques—may also be effective.

Sexual Dysfunction

Many patients diagnosed with CaP are already older and have decreases in sexual function due to age and to diseases of aging (e.g., hypertension, diabetes, and 
their treatment) (97). The prevalence of precancer sexual dysfunction in patients developing CaP has ranged from 20% to 60% ( 98). Nerve-sparing techniques have 
significantly decreased the incidence of posttreatment sexual dysfunction ( 99), but recovery of sexual function may take many months. Long-term erectile dysfunction 
after radiotherapy ranges from 14% to 46% (100). All of the antiandrogen treatments for CaP can produce sexual dysfunction as a side effect.

Increasing awareness has led to the introduction of new approaches to the preservation of sexual function and fertility in cancer patients. Radiation exposure to the 
gonads in men undergoing pelvic radiotherapy may be reduced by the use of special testicular shields. For men in their reproductive years about to undergo therapy, 
cryo-banking of sperm is an option. For men with erectile dysfunction, agents are available for injection into the corpus cavernosum. Multiple recent studies ( 101,102) 
found sildenafil (Viagra) effective in restoring erections in men with CaP suffering postradiation erectile dysfunction. Full response took 6 weeks in one study. 
Concomitant hormonal therapy may reduce the effectiveness of sildenafil.

Nonmedical factors impact on sexuality during the experience of cancer and its treatment. Such issues include pre-illness sexual functioning, mood alterations, 
emotional and physical stresses, pain, altered body image, response of the partner, and cancer myths. If these issues are not identified, then no opportunity will arise 
for addressing them. A majority of cancer patients want information about sexuality, but most do not bring it up with their doctors ( 103). If patients are elderly, young, 
single, widowed, or homosexual, then these discussions may be more difficult. Sexuality should be discussed routinely at appropriate times in the context of potential 
side effects of treatments and as a legitimate quality of life issue. For patients with persistent sexual difficulties, referral to a sex therapist should be considered. A 
useful booklet on sexuality and cancer is also available ( 104).

Delirium

Delirium is a syndrome of acute onset of disordered attention and cognition accompanied by disturbances of psychomotor behavior and perception ( 105). Delirium 
affects approximately 30% of cancer patients at some point in their illness. More than 85% of patients with CaP will experience progressive confusion before death 
(106). The occurrence of delirium increases hospital stay, morbidity, and mortality ( 107). The differential diagnosis includes drugs, pain, urinary retention, fecal 
impaction, dehydration, brain metastases (rare in CaP), the postictal state, infection, renal failure, hypoxia, metabolic causes, severe depression or anxiety, sleep 
deprivation, and withdrawal syndromes. Drugs are probably the most common cause and include opioids, benzodiazepines, NSAIDs (less commonly), beta blockers, 
diuretics, and anticholinergics. Commonly missed metabolic derangements in confused patients include hypo- or hypercalcemia and hypomagnesemia. Signs of 
infection may be absent in patients on steroids, NSAIDs, or in the elderly. Postictal confusion or sedation may follow unwitnessed seizures. Delirium is often 
multifactorial. Approximately one-third of episodes of delirium are reversible with simple measures. Delirium is difficult and stressful to manage at home.

Management begins with addressing potential causes in the context of the overall plan of care of the patient ( 108). Unnecessary medications should be eliminated. 
Explanation and reassurance should be provided to the patient and family. The patient should be in a calm, well-lit, familiar environment, and should be frequently 
reoriented by attendants. Patients with suspected opioid metabolite accumulation syndrome, who often have irritability, myoclonus, and hyperalgesia, should undergo 
opioid rotation. Symptomatic drug treatment should be used when necessary but not reflexively. Neuroleptics are preferred over benzodiazepines, owing to the 
potential for paradoxic increases in agitation or confusion with the latter, and haloperidol is the drug of choice ( 109). Haloperidol may be administered orally, 
intramuscularly, subcutaneously, or intravenously. Starting doses are 1 to 2 mg two to four times a day; for frail patients, 0.5 mg may be sufficient. Severely agitated 
patients may require 10 mg haloperidol hourly until calmness is achieved. Chlorpromazine is a more sedating alternative and may be dosed at 10 to 50 mg three times 
a day; for severe agitation, 100 mg hourly may rarely be necessary. The major concern with use of neuroleptics is the development of movement disorders that range 
from acute dystonia to restlessness and akathisia. These syndromes respond to diphenhydramine, benztropine, and trihexyphenidyl. If a benzodiazepine must be 
added, then the most common choice is lorazepam (Ativan). Midazolam has the advantage of being appropriate for s.q. administration; owing to its short duration of 
action, continuous infusions are often required, which may lead to accumulation and delayed recovery. The use of physical restraints should be minimized and used 
only acutely to prevent harm to the patient or others. Many patients require more than one agent for control of delirium.

A common situation of escalating delirium is the patient with anxiety treated with benzodiazepines who then develops delirium due to benzodiazepine accumulation. 
The delirium is then treated with escalating doses of benzodiazepines, creating a vicious cycle. This situation is managed by instituting a fixed benzodiazepine taper 
(to avoid withdrawal) and treating delirium, if necessary, with neuroleptic agents. Useful agents for the treatment of terminal agitation include morphine, scopolamine, 
chlorpromazine, and methotrimeprazine.

Lymphedema

Lymphedema is sometimes seen in advanced CaP due to involvement of pelvic lymphatics. Cardiac disease, diabetes, renal or hepatic failure, or malnutrition may 
compound matters (110). Patient assessment includes evaluation for the previously mentioned factors, assessment of motor and sensory function, assessment of the 
degree of edema and chronic skin changes, pulses, and measurement of the limb at standard sites in comparison to the contralateral limb. Venous obstruction must 
be ruled out. Treatment is multifactorial (111). Radiotherapy, high-dose steroids, and diuretics are used but are usually of little help. The components of management 



(76) include

Bandaging: initial treatment of moderate to severe edema
Compression stockings: may need to be worn continuously
Sequential compression pumps: speed initial rate of edema reduction
Massage and exercise: should be done daily by patients and family
Skin care: daily application of hydrating lotions, inspection for early damage, ulceration, or infection
Prophylactic antibiotics: for patients with recurrent cellulitis

Hot Flashes

Hot flashes occur in 58% to 76% of patients after orchiectomy and 75% of patients after medical castration with gonadotropin-releasing hormone (GnRH) analogs 
(112). Of these, approximately one-fourth find the hot flashes distressing. Although similar to the hot flashes experienced by menopausal women, the hot flashes in 
women disappear in 2 to 5 years; in patients with CaP, the hot flashes usually do not disappear at all. The pathophysiology of hot flashes remains uncertain ( 113). Hot 
flashes may thus be caused by instability of negative feedback by estradiol on GnRH release, mediated by endogenous opioids ( 114).

Several treatments have been studied for hot flashes. The most useful appears to be megestrol acetate. A recent randomized placebo-controlled trial ( 115) 
demonstrated low doses of 20 mg twice daily reduced hot flashes in 85% of patients (men with a history of CaP and women with breast cancer), compared to 21% 
from placebo, with no significant side effects. Clonidine and belladonna with phenobarbital preparations have been shown to be only minimally effective, with side 
effects (116,117). The efficacy of diethylstilbestrol has been demonstrated in two studies ( 117,118). One study demonstrated the efficacy of acupuncture (119), which 
was maintained at 3 months after treatment.

Psychosocial Symptoms

Depression

The diagnosis of cancer is stressful. A number of fears are engendered, including fear of a painful death, becoming disabled and dependent, alteration of appearance 
or function, and missing loved ones ( 120). The level of psychological distress generated depends on the intensity of the medical situation, premorbid psychological 
factors, and the patient's social situation. The normal response to such stress includes initial shock, a period of anxiety and depression, disruption of appetite and 
sleep, and decreased ability to concentrate and carry out usual activities that usually resolve in 7 to 10 days. If these symptoms are prolonged, intolerable, or 
compromise the ability of the patient to function for prolonged periods, further investigation and intervention may be indicated. The most common psychiatric disorders 
diagnosed in cancer patients are adjustment disorders with anxious or depressed mood ( 121). Suicidality is another common reason for psychiatric consultation ( 122). 
The diagnosis of depression in cancer relies primarily on psychological, rather than somatic symptoms, because the latter (e.g., anorexia, fatigue) are common in 
cancer. The characteristic psychological symptoms are dysphoria, anhedonia, helplessness, hopelessness, feelings of worthlessness or guilt, and preoccupation with 
death or suicide. In the elderly, the salient manifestations of depression may be cognitive (“depressive pseudodementia”).

Organic causes of depression must be ruled out. These include electrolyte disturbances (e.g., hypercalcemia), endocrinopathies (e.g., hypothyroidism, 
hypotestosteronism), nutritional deficiencies (e.g., B 12), infections, and drugs (e.g., beta blockers, steroids, chemotherapy, opioids, NSAIDs). It must be noted that 
chronic use of opioids may cause hypothyroidism or hypotestosteronism. Risk factors for suicide in the cancer population include mild encephalopathy, uncontrolled 
pain, hopelessness, and previous history of psychiatric disorders or suicide attempts.

A course of crisis-oriented supportive psychotherapy is often indicated. Antidepressant medications are often indicated and need not await resolution of organic 
factors or completion of psychotherapy. SSRIs are often chosen first because they are better tolerated than the TCAs. Fluoxetine (Prozac), sertraline (Zoloft), and 
paroxetine (Paxil) are the most common choices, at starting doses of 20, 50, and 10 mg per day, respectively. Potential downsides of SSRIs in patients with cancer 
include decreased appetite and transiently increased anxiety, agitation, or insomnia. The TCAs are often used when insomnia, anxiety, or anorexia dominates the 
picture, because these drugs, dosed at night, often improve these symptoms. Therapeutic doses for depression in cancer patients appear to be lower than in 
noncancer patients, in the range of 75 to 125 mg per day ( 120). Patients with prominent insomnia are usually prescribed amitriptyline or doxepin. To avoid the 
anticholinergic TCA side effects (sedation, urinary retention, tachycardia, and constipation), use desipramine or nortriptyline. Typical starting doses of TCAs are 10 to 
25 mg nightly, increased as needed and tolerated.

Psychostimulants are probably the drugs of choice in the treatment of the depressed patient with cancer ( 44,123,124 and 125). Onset of action is more rapid than with 
TCAs or SSRIs. Psychostimulants are also effective for opioid-induced sedation and potentiate the analgesic effects of opioids. Options are methylphenidate, 
dextroamphetamine, and pemoline (Cylert) starting at 5 mg twice a day, 2.5 mg twice a day, and 18.75 mg twice a day, respectively.

Anxiety

Anxiety may present with psychological symptoms, such as tension, fear, worry, rumination, or apprehension, or physical symptoms, such as restlessness, autonomic 
hyperactivity, insomnia, dyspnea, or sensory disturbances ( 126). Anxiety may occur as a manifestation of a variety of psychiatric disorders, including adjustment 
disorders, generalized anxiety disorders, panic disorder, or agitated depression. The differential diagnosis of these disorders in the terminally ill patient includes 
organic delirium, other organic mental disorders, hypoxia, pain, sepsis, akathisia (from drugs), or withdrawal. Once underlying medical disorders are excluded or dealt 
with, the need for treatment depends on the level of patient distress or interference with patient function.

Physicians should not discount the value of empathetic listening even when there is little consolation to offer. Pharmacologic treatment relies on benzodiazepines, 
neuroleptics, antihistamines, antidepressants, and opioids. The benzodiazepines are generally most effective and well tolerated. It is commonly stated that 
short-acting agents such as lorazepam, alprazolam (Xanax), and oxazepam (Serax) are safest; however, these agents have disadvantages of peak-dose sedation and 
end-of-dose breakthrough symptoms (127). In the author's experience, lorazepam is greatly overused and a common cause of delirium in the hospitalized patient with 
terminal illness. Small, infrequent doses of longer-acting agents, such as clonazepam or diazepam, are often most effective and well tolerated. Common dose 
regimens are summarized in Table 44-11. Rectal diazepam may be administered in terminal patients. Midazolam can be administered by continuous i.v. or s.q. 
infusion to control agitation or provide terminal sedation. Clonazepam appears to have analgesic properties in neuropathic pain. Benzodiazepines are generally not 
appropriate in patients with anxiety or agitation in the context of delirium or with psychotic features.

TABLE 44-11. MEDICATIONS FOR ANXIETY

Neuroleptics are useful when symptoms are too severe to be controlled by benzodiazepines alone, when anxiety is a symptom of organic conditions, for psychotic 
features, and when respiratory depression is a concern. The high-potency neuroleptics (e.g., haloperidol) are especially useful because sedation, anticholinergic 
effects, and hypotension are minimal. Conversely, if sedation is desired, then low-potency neuroleptics, such as chlorpromazine, are useful. Methotrimeprazine is the 



only neuroleptic with analgesic properties. All the neuroleptics confer increased risk of extrapyramidal symptoms in patients who are also on neuroleptic antiemetics 
for nausea.

Hydroxyzine is an antihistamine with mild anxiolytic and sedative properties. Its analgesic properties are often cited but rarely seen. The TCAs are useful for anxiety in 
the context of depression and for the treatment of panic disorder ( 128). They may help with insomnia immediately, but relief of depression and anxiety may take weeks 
once titration is complete, which may take a few more weeks. Opioids are most useful for anxiety in the context of pain or respiratory distress or for terminal sedation. 
Buspirone, a nonbenzodiazepine anxiolytic, is mainly useful for chronic anxiety in the nonterminally ill population.

TERMINAL CARE

Symptom profiles often change in the last hours to days of life ( 76). Most patients become unconscious, but some patients develop terminal agitation. This syndrome 
consists of restlessness; confusion; increasing distress; and, in some patients, agitated behavior, including thrashing in bed or walking around. Patients with 
premorbid psychological issues may be more at risk, although other issues (hypoxia, pain, bladder fullness) may contribute as well. Generally, powerful sedatives are 
required (e.g., morphine, chlorpromazine, scopolamine, and diazepam or midazolam), given separately or in combination by injection or continuous s.q. infusion 
(Table 44-12). If a patient needed morphine, then he will continue to need it during the terminal phase; otherwise, opioid withdrawal will be added to his woes. 
Generally, half of the oral dose given s.q. or by continuous infusion is sufficient; more can be given, if needed. Indomethacin suppositories can be useful for bony pain 
in patients who benefited from NSAIDs. For sedation, chlorpromazine is useful (e.g., 25 to 50 mg every 4 hours). Methotrimeprazine is approximately twice as potent 
as chlorpromazine and has analgesic properties as well. Scopolamine is a very useful drug in the terminal phase: It dries up secretions, decreases respiratory 
bubbling, is sedating, and decreases nausea and vomiting. Typical doses are 0.4 mg s.q. or i.m. every 4 hours or continuous s.q. infusion 0.8 to 2.4 mg per 24 hours. 
Diazepam, 10 mg rectally by an enema, i.m., or i.v., can be helpful for terminal muscle twitching or seizures or for sedation.

TABLE 44-12. DRUGS USED FOR TERMINAL SEDATION

Obtunded or bed-confined patients require standard care procedures. Urinary retention is common and may contribute to agitation. Indwelling bladder catheters can 
be inserted if physical exam indicates a full bladder. Mouth care is needed hourly. Artificial tears are used up to every 2 hours as needed. Warfarin (Coumadin) 
should be stopped in the terminal phase; otherwise, terminal GI bleeding can occur.

Family support is a critical goal of the terminal period ( 76). All of the previously mentioned medical procedures should be explained; some family members may find 
solace in participating in these terminal care procedures. Often family members find it difficult to concentrate or think clearly, and they may need guidance as to what 
is appropriate behavior. There may be simple questions about death, asked or unasked, that can be explained—for example, How long will it take? Is he suffering? 
Can he hear us? Why has his skin color changed? and Should we stay? Patients often feel guilty about wishing the patient would die to end his suffering. Family 
members may need guidance about taking shifts in the vigil or permission to leave if they are distressed. After death, family members should be allowed to stay for a 
period to achieve closure, pray, say goodbye, or for other procedures that may bring comfort.
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INTRODUCTION

Skeletal complications are a major cause of morbidity for men with advanced prostate cancer. More than 80% of men with metastatic prostate cancer have 
radiographic evidence of bone involvement (1). A similar majority of men who die from prostate cancer has bone metastases at autopsy (2). The clinical 
manifestations of bone metastases include pain, spinal cord compression, fracture, and myelophthisis ( 3).

Prostate cancer is the only malignancy to form predominantly osteoblastic metastases ( 4,5). Bone metastases are categorized as osteolytic or osteoblastic based on 
their radiographic appearance. Both osteolytic and osteoblastic metastases, however, are characterized by increased bone resorption. Biochemical markers of bone 
resorption are increased in most men with osteoblastic metastases from prostate cancer ( 6,7,8 and 9). Bone biopsies from men with osteoblastic metastases 
demonstrate increased bone resorption in tumor-infiltrated bone, bone adjacent to bone metastases, and distant uninvolved bone ( 7,8). Androgen deprivation, the 
mainstay of treatment for metastatic prostate cancer, increases bone resorption and accelerates bone loss ( 10).

Reciprocal interactions between prostate cancer cells and bone stroma appear to account for the predominant skeletal localization of prostate cancer metastases and 
typical osteoblastic response (1,11). The bone extracellular matrix supports the adhesion of prostate cancer cells, and several bone-derived growth factors modulate 
prostate cancer growth and differentiation, including epidermal growth factor, transforming growth factor beta, and basic fibroblast growth factor. Prostate cancer cells 
produce growth factors that promote osteoblast growth, including insulinlike growth factors, bone morphogenic proteins, and endothelin-1 ( 12,13 and 14).

The primary clinical manifestation of bone metastases is pain. Pain may result from compression of the spinal cord or peripheral nerves, fracture, release of cytokines 
at the site of metastases, local action of neuropeptides on bone-associated nerves, and mechanical stretching of the periosteum ( 15,16). The major objectives of 
treatment for men with androgen-independent prostate cancer and symptomatic bone metastases are pain relief and improved quality of life. This chapter reviews the 
palliative management of bone metastases with radiation therapy, radiopharmaceuticals, and bisphosphonates.

EXTERNAL BEAM RADIATION THERAPY

Local Field Radiation

Retrospective studies have reported that local radiation therapy results in pain relief in approximately 80% of patients with bone metastases from various primary sites 
(15). The probability of pain relief for an individual patient appears to be influenced by baseline patient characteristics, primary site, methods of pain evaluation, and 
concurrent treatment.

The optimum dose and fractionation schedule for palliative radiation therapy have not been defined. Several prospective randomized studies of bone metastases from 
various primary sites have reached different conclusions about the relative benefit of high-dose fractionated therapy compared to single-dose or low-dose treatment 
(17,18 and 19).

In the Radiation Therapy Oncology Group study 74-02, 1,016 patients with painful bone metastases were randomized into various dose fractionation schedules ( 17). 
Patients with solitary bone metastases (26%) were randomized to 40.5 Gy in 15 fractions or 20 Gy in 5 fractions. Patients with multiple bone metastases (74%) were 
randomized to 30 Gy in 10 fractions, 15 Gy in 5 fractions, 20 Gy in 5 fractions, or 25 Gy in 5 fractions. Radiation therapy resulted in some pain relief in 90% of patients 
and complete pain relief in 54% of patients. The initial report concluded that all dose fractionation schedules resulted in equivalent palliative outcomes. The study was 
later reanalyzed by combining the solitary and multiple metastases groups and redefining benefits, based on pain scores, narcotic usage, and need for retreatment 
(18). In the reanalysis, high-dose–protracted treatment schedules were associated with higher response rates and lower rates of retreatment.

In a randomized prospective study at the Royal Marsden Hospital, 288 patients with painful bone metastases were randomized to a single fraction of 8 Gy or 30 Gy in 
10 daily fractions (19). Primary tumor sites included breast (37%), lung (20%), and prostate (8%). Response was evaluated using pain questionnaires. There were no 
differences in survival, onset of pain relief, or duration of pain relief between the two treatment groups. Pain relief was independent of tumor histology.

In a retrospective review of 281 patients with painful bone metastases from various primary sites, local radiation therapy resulted in a 67% rate of complete pain relief 
(20). Complete pain relief was less common for metastases from renal cell carcinoma (p <.05) or non–small cell lung cancer ( p = .06). Complete pain relief rates were 
otherwise independent of primary histology. Pain relief and duration of response were correlated with total radiation dose ( p <.001). Among 47 men with metastatic 
prostate cancer, treatment with 40 Gy or greater resulted in 75% rate of complete pain relief, compared to 62% rate of complete pain relief for men treated with less 
than 40 Gy.

The dose and schedule of treatment should be influenced by the anticipated patient survival. Large (4 to 8 Gy) single fraction treatments are more convenient but 
associated with higher rates of retreatment. Accordingly, single fraction treatments may be appropriate for patients with relatively short life expectancies.

Wide-Field Radiation

Patients with multiple sites of painful bone metastases can be palliated with external beam radiation therapy to multiple local fields, wide-field radiation, or treatment 
with radiopharmaceuticals. Wide-field or hemibody radiation is administered in single or multiple fractions to the upper half, lower half, or middle segment of the body 
using a megavoltage radiation beam. Wide-field radiation results in pain relief in 60% to 80% of patients and complete pain relief in 20% to 25% of patients ( 21). The 
majority of patients report pain relief within 48 hours of treatment. Retreatment with wide-field radiation results in similar rates of pain relief and toxicity as the first 
course of treatment.

The optimum dose and fractionation schedule for palliative hemibody radiation are undefined. In a retrospective review of 26 men with androgen-independent prostate 
cancer, fractionated wide-field radiation therapy (25 to 30 Gy in 8 to 10 fractions) was associated with better palliation than single fraction wide-field radiation (6 Gy 
for the upper hemibody or 8 Gy for the lower hemibody segment) (22). Compared to single fraction treatment, fractionated wide-field radiation resulted in a longer 
median duration of pain relief (8.5 months vs. 2.8 months) and lower rates of retreatment within the targeted hemibody (13% vs. 71%). Treatment-related side effects 



were similar for both groups.

Adjuvant hemibody radiation reduces the requirement for retreatment within the targeted hemibody segment. In the Radiation Therapy Oncology Group study 82-06, 
499 patients with various malignancies and painful bone metastases limited to one hemibody area were randomized to treatment with local radiation therapy (30 Gy in 
10 daily fractions) with or without a single adjuvant 8-Gy fraction of hemibody radiation ( 23). Compared to local radiation therapy alone, treatment with local plus 
hemibody radiation resulted in improved time to disease progression and time to retreatment within the radiated hemibody segment. Among the 146 study participants 
with prostate cancer, treatment with local plus hemibody radiation resulted in a 31% reduction in the requirement for retreatment within the targeted hemibody (78% 
vs. 54%, p = .001) (24). Prostate cancer patients treated with local plus hemibody radiation had a better 1-year survival rate than patients treated with local radiation 
therapy without adjuvant hemibody radiation (44% vs. 33%, p = .165).

The side effects of wide-field radiation include nausea, vomiting, diarrhea, pancytopenia, and pulmonary toxicity. Severe complications have been reported in 2% to 
8% of patients treated with wide-field radiation to the lower half of the body. Severe complications, including fatal pneumonitis, have been reported in 4% to 32% of 
patients treated with wide-field radiation to the upper body. Methods to reduce the toxicity of wide-field radiation include careful patient selection, limitation of lung 
dose, shielding previously radiated sites, and use of shaped fields to protect the viscera ( 15,24).

RADIOPHARMACEUTICALS

Background

Three radioisotopes are approved for the treatment of symptomatic bone metastases: phosphorus-32 ( 32P), strontium-89 (89St) chloride, and samarium-153 (153Sm). 
These radioisotopes share three important characteristics ( Table 45-1). First, they are preferentially incorporated into bone. Second, therapeutic activity results from 
emission of low-energy electrons (beta emission). Third, they accumulate in bone metastases and other sites of active bone turnover. In contrast to the other 
approved agents, 153Sm has a relatively short beta emission half-life (46 hours), and gamma emission is appropriate for imaging and prospective dose estimation.

TABLE 45-1. PROPERTIES OF SELECTED RADIONUCLIDES

Rhenium-186 (186Re) and rhenium-188 (188Re) are investigational radioisotopes. 186Re is similar to 153Sm, with a relatively short beta emission half-life (91 hours) and 
gamma emission suitable for imaging and dose estimation. 188Re is distinguished by a very short beta emission half-life (17 hours).

32P orthophosphates enter all metabolic pathways. Because the skeleton contains the largest phosphate pool, more 32P orthophosphates are incorporated in the 
skeleton than other metabolically active sites, including the bone marrow and liver. Newer radioisotopes are selectively incorporated into bone, and approximately 
one-half of an intravenously administered dose accumulates in the skeleton. Because calcium competes with radioisotopes for skeletal uptake, calcium-containing 
medications should be discontinued before treatment. Unincorporated radioisotopes are cleared in the urine, and treatment for patients with urinary incontinence 
requires special precautions.

There have been no comparative studies with different radioisotopes, although the pain response rates and patterns of pain relief with different radioisotopes appear 
similar (25). The major toxicity of radioisotope treatment is myelosuppression. Because newer radioisotopes are not incorporated into hematopoietic stem cells, they 
may have less hematologic toxicity than 32P.

The mechanisms of pain relief after radioisotope treatment are poorly understood. Objective biochemical or radiographic responses are rare ( 25). Patients often 
experience marked pain relief within several days of treatment, further suggesting that symptomatic responses are mediated by an indirect mechanism.

Clinical Experience

32P-labeled orthophosphates have been used to treat bone metastases from prostate cancer for several decades ( 26,27). Most patients have been treated with 
multiple daily injections and concurrent parathyroid hormone or testosterone to increase bone uptake. Most studies reported pain relief for the majority of patients, 
although small sample size and problems with methodology complicate interpretation. The efficacy of treatment with 32P-labeled phosphates has never been 
evaluated in a randomized study. The dose-limiting toxicity of 32P treatment is myelosuppression. Concerns about toxicity have limited the clinical use of 32P-labeled 
orthophosphates.

The palliative effects of 89St have been extensively evaluated in phase II studies of men with androgen-independent prostate cancer and symptomatic bone 
metastases. The primary outcome measure in most of these studies was pain relief. The reported rates of complete or partial pain relief vary from 0% to 82% ( 25). 
The wide range of clinical responses may be related to the small sample sizes and variable response definitions for individual studies. In addition, the variability in 
response rates may be related to differences in the volume of metastatic disease among different study populations. In a multicentered study of 83 men with prostate 
cancer, response rates were reported according to estimated volume of metastatic disease on pretreatment bone scan ( 28). Symptomatic responses were observed in 
78% of men with minimal metastatic disease, compared to only 42% of men with extensive bone metastases.

Three randomized studies of 89St have been reported (29,30 and 31). In a small, double-blind study, 32 men with androgen-independent prostate cancer and painful 
bone metastases were randomized to 89St [150 megabecquerel (MBq)] or nonradioactive strontium chloride ( 29). Twenty-six men were evaluable. Treatment with 89St 
resulted in significantly higher pain response rates. Complete pain responses were observed only in men treated with 89St.

The United Kingdom study directly compared the palliative effects of 89St to external beam radiation therapy (30). Men with androgen-independent prostate cancer 
and painful bone metastases were stratified as appropriate candidates for local field radiotherapy (148 patients) or hemibody radiotherapy (157 patients). Men were 
then randomized to radiotherapy or 89St (200 MBq). Study end points included pain at the index skeletal site, appearance of new painful sites, requirement for 
additional palliative radiotherapy, and survival. Both comparisons (local field radiotherapy vs. 89St and hemibody radiotherapy vs. 89St) demonstrated that radiotherapy 
and 89St were equally effective for controlling pain at index sites, although significantly fewer 89St-treated men developed new painful sites (p <.05). Compared to local 
radiotherapy, significantly fewer 89St-treated men required radiotherapy to painful bone metastases ( p <.01). 89St treatment was associated with less gastrointestinal 
toxicity and more hematologic toxicity than radiotherapy. There were no differences in survival.

The TransCanada study evaluated the role of adjuvant 89St after local external beam radiotherapy (31). One hundred twenty-six men with androgen-independent 
prostate cancer and painful bony metastases were treated with local external beam radiotherapy and then randomized to adjuvant 89St (400 MBq) or placebo. Study 
end points included pain at the index skeletal site, appearance of new painful sites, need for additional palliative therapy, prostate-specific antigen response, survival, 
and quality of life. Both treatment groups had similar pain control at the irradiated index site. More 89St-treated men were pain free (40% vs. 23%), and fewer required 
analgesics (2.4% vs. 17.1%). 89St treatment resulted in significantly fewer new sites of bone pain (0.59 vs. 1.21, p <.002) and prolonged time to next external beam 



radiotherapy treatment by a median of 15 weeks. There was no difference in survival.

153Sm chelated to ethylenediamine tetramethylene phosphonic acid, termed 153Sm lexidronam, is approved for the treatment of osteoblastic bone metastases. Phase 
I/II studies of men with androgen-independent prostate cancer have reported complete or partial relief of pain in the majority of patients ( 25). As with other 
radioisotopes, the dose-limiting toxicity of 153Sm is myelosuppression (32,33). Platelet counts decline starting 2 weeks after administration, and the platelet nadir 
occurs at 3 to 4 weeks after administration.

153Sm lexidronam has been compared to placebo in two unpublished randomized studies ( 34). In the first study, 118 patients with androgen-independent prostate 
cancer (n = 80) or other primary tumor (n = 38) and symptomatic osteoblastic metastases were randomized to a single intravenous dose of 153Sm lexidronam (0.5 or 
1.0 mCi per kg) or placebo. Compared to placebo, treatment with the higher dose of 153Sm lexidronam (1 mCi per kg) resulted in statistically significant decreases in 
pain scores in the third and fourth weeks after treatment. In the second study, 152 men with androgen-independent prostate cancer were randomized to 153Sm 
lexidronam (1.0 mCi per kg) or placebo. Treatment with 153Sm lexidronam resulted in statistically significant decreases in pain scores in the second, third, and fourth 
weeks. No study has compared 153Sm to external beam radiation therapy or other radioisotopes.

186Re was compared with placebo in a double-blind crossover study ( 35). Treatment with 186Re resulted in significantly greater decreases in pain scores than placebo. 
186Re has not undergone further development because of similarity to other marketed radioisotopes. In contrast, with a very short beta emission half-life (17 hours), 
188Re is an attractive candidate for evaluation in combination and dose intense therapy. In a phase I study, treatment with 188Re resulted in decreased pain in five of 
eight men with androgen-independent prostate cancer ( 36).

BISPHOSPHONATES

Background

Bisphosphonates are a major therapeutic advance in the management of osteolytic bone disease ( 37). Treatment with bisphosphonates reduces skeletal morbidity 
from multiple myeloma and breast cancer with osteolytic bone metastases. For women with high-risk localized breast cancer, adjuvant treatment with bisphosphonates 
appears to prevent the development of bone metastases and improve survival ( 38). This section reviews the potential role of bisphosphonates in the management of 
osteoblastic metastases from prostate cancer.

Bisphosphonates are synthetic analogs of pyrophosphate, characterized by a phosphorus-carbon-phosphorus backbone that renders them resistant to hydrolysis 
(Fig. 45-1). The properties of bisphosphonates are determined by the R1 and R2 carbon side chains ( 39). Most bisphosphonates contain a hydroxyl group at the R1 
position that confers high-affinity binding to calcium phosphate. The R2 side chain is the critical determinant of antiresorptive potency ( Table 45-2).

FIGURE 45-1. General chemical structure of a bisphosphonate.

TABLE 45-2. PROPERTIES OF SELECTED BISPHOSPHONATES

Bisphosphonates inhibit normal and pathologic bone resorption by multiple mechanisms. They directly inhibit osteoclast activity by cellular mechanisms that affect 
osteoclast attachment to bone, osteoclast precursor differentiation, and osteoclast survival ( 39). Bisphosphonates also reduce osteoclast activity indirectly through 
effects on osteoblasts. Bisphosphonates increase osteoblast secretion of an inhibitor of osteoclast recruitment ( 40). They also increase osteoblast secretion of 
transforming growth factor beta, a signal for osteoclast apoptosis ( 41).

The growth of bone metastases involves reciprocal interactions between tumor cells and metabolically active bone ( 3,42). Bisphosphonates may interrupt these 
interactions by inhibiting local production of bone-derived growth factors. The anticancer activity of bisphosphonates may also involve modification of the bone 
surface, inhibition of specific enzymatic pathways, and induction of tumor cell apoptosis ( 42).

Bisphosphonate treatment decreases bone resorption in men with prostate cancer. Serial histomorphometry of bone and measurement of biochemical markers of 
osteoclast activity indicate that treatment with intravenous pamidronate markedly inhibits bone resorption ( 43,44). Similar results have been reported with oral 
clodronate and olpadronate (45,46).

Bisphosphonates have potent anticancer activity in preclinical models of prostate cancer. Bisphosphonates inhibit adhesion of prostate cancer cells to mineralized 
and unmineralized bone extracellular matrix in vitro (47). In rat models of prostate cancer, treatment with bisphosphonates prevents or delays the development of bone 
metastases (48,49 and 50).

Clinical Experience

Several phase II clinical trials of bisphosphonates for men with prostate cancer and symptomatic bone metastases have been reported ( 44,46,51,52 and 53) (Table 
45-3). In each study, pain or analgesic use, or both, decreased in the majority of patients. Markers of bone resorption were elevated in 50% to 80% of men at study 
entry (44,46,53). Bisphosphonate treatment resulted in significant decreases in bone resorption markers.



TABLE 45-3. PROSPECTIVE STUDIES OF BISPHOSPHONATES FOR METASTATIC PROSTATE CANCER

Three randomized phase III clinical studies of bisphosphonates for men with androgen-independent prostate cancer and symptomatic bone metastases have been 
reported (54,55 and 56) (Table 45-3). In an Italian study, a total of 56 men were treated in a series of small single-blind randomized comparisons ( 54). Bone pain was 
evaluated using a visual analog scale and daily analgesic consumption. In the first comparison, 13 men were randomly assigned to daily intravenous clodronate or 
placebo for 2 weeks. Pain scores and daily analgesic use were markedly decreased in the clodronate-treated group. In a second comparison, 24 men were assigned 
to oral daily clodronate (1,200 mg) for 2 weeks or daily intravenous clodronate (300 mg) for 2 weeks. Oral clodronate was ineffective. Intravenous clodronate resulted 
in transient improvements in pain scores and daily analgesic use. In a subsequent comparison, men were randomly assigned to daily intravenous clodronate (300 mg) 
for 2 weeks with or without oral daily clodronate (1,200 mg) as maintenance therapy. Bone pain and analgesic use were equivalent in both groups.

In a Finnish study, 75 men were randomly assigned to oral clodronate (3,200 mg daily for 1 month followed by 1,600 mg daily) or placebo ( 55). All men were treated 
with daily oral estramustine phosphate. Primary study end points were pain score and analgesic usage. Decreased pain was observed in both treatment groups. More 
clodronate-treated men discontinued analgesic use (38% vs. 18%), although this difference was not significant. Side effects were uncommon and equivalent between 
the treatment groups. There was no difference in median survival. Small sample size and poor bioavailability of oral clodronate flawed the study.

In an American study, 57 men with prostate cancer and bone pain requiring analgesics were randomly assigned to placebo or etidronate (7.5 mg intravenously daily 
for 3 days, then 400 mg by mouth daily) (56). There were no significant differences in pain scores or analgesic use between the two treatment groups. Etidronate is 
now considered pharmacologically unsuitable for the treatment of bone metastases because of its low antiresorptive potency and inhibition of normal bone 
mineralization (57).

Several ongoing, large randomized studies will evaluate the effect of intravenous bisphosphonates on pain, analgesic use, skeletal-related events, and quality of life. 
National Cancer Institute of Canada-Protocol 6 is a randomized comparison of mitoxantrone and prednisone with or without intravenous clodronate for men with 
symptomatic bone metastases. Primary study end points include bone pain, quality of life, and survival. Novartis 032 is a multicentered randomized comparison of 
pamidronate (90 mg intravenously every 3 weeks) or placebo for men with androgen-independent prostate cancer and bone metastases requiring narcotic analgesics. 
Primary study end points are pain, daily analgesic use, and skeletal-related events. Novartis 039 is a multicentered randomized comparison of zoledronate (4 or 8 mg 
intravenously every 3 weeks) or placebo for men with androgen-independent prostate cancer and asymptomatic or minimally symptomatic bone metastases. The 
primary study end point is the proportion of men with any skeletal-related events during the first 15 months of study.

CONCLUSION

Local field radiation therapy results in palliative benefit for most patients with symptomatic bone metastases. The optimum dose and fractionation schedule are 
undefined, although high-dose protracted treatment schedules appear to result in higher response rates and lower rates of retreatment. Wide-field radiation also 
provides palliative benefit for most men with symptomatic bone metastases and reduces the need for subsequent palliative radiation within the treated hemibody 
segment. Wide-field radiation therapy is rarely used because of high toxicity rates and availability of other options for managing multiple bone metastases, including 
radiopharmaceuticals and conventional radiation therapy to multiple fields.

Treatment with radioisotopes decreases pain in most men with androgen-independent prostate cancer and symptomatic bone metastases. Pain response rates and 
patterns of pain relief with different radioisotopes appear similar. Optimal criteria for patient selection and timing of treatment remain undefined. Radioisotope therapy 
in combination with other treatment modalities has not been adequately evaluated.

Available evidence suggests that bisphosphonate treatment may decrease bone pain for most men with symptomatic bone metastases. Ongoing large randomized 
studies will evaluate the effect of newer and more potent bisphosphonates on pain, analgesic use, and skeletal-related events in men with androgen-independent 
prostate cancer. Future clinical trials are needed to evaluate adjuvant bisphosphonate treatment for prevention of bone metastases among men with high-risk 
nonmetastatic prostate cancer.
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INTRODUCTION

Patients with advanced prostate cancer often experience hematologic complications that can have clinical as well as prognostic significance. In spite of a 
long-standing recognition of its existence, this relationship between blood and coagulation disorders and prostate cancer has been relatively neglected, despite 
important strides in other areas of prostate cancer research. Anemia is the most common hematologic abnormality in this group. Many causes of anemia can be seen 
in association with prostate cancer and need to be clearly distinguished so that appropriate management can be instituted. In particular, anemia associated with 
androgen withdrawal is unique to patients with advanced prostate cancer. Treatment options for anemia generally are directed at the underlying etiology but may also 
include blood transfusions or recombinant human erythropoietin. Leukopenia and thrombocytopenia are often related to therapy for advanced prostate cancer and can 
have profound implications for the patient. Finally, coagulation disorders and, in particular, disseminated intravascular coagulation (DIC) have been associated with 
prostate cancer for many years, although questions remain about the prevalence of this problem and its underlying mechanism.

ANEMIA

Anemia is a frequent complication of advanced prostate cancer ( 1). As is the case with cancer-related anemia in general, few studies have evaluated the impact of 
anemia on the clinical course of patients with hormone-refractory prostate cancer. It is a generally accepted practice that transfusions are given to cancer patients 
whose hemoglobin or hematocrit values fall below an institutionally defined point. Guidelines have been issued by several groups that generally recommend a 
threshold hemoglobin of 8 g per dL for transfusion, although a higher threshold of 10 g per dL has been advocated for patients with a history of ischemic heart disease 
(2). Although exceptions are made to this rule in individual circumstances, the rationale for transfusion of packed red blood cells had followed this paradigm 
independent of how the patient feels and in the absence of sufficient data to support such an approach. More recently, the availability of a new therapeutic option for 
cancer patients with anemia—erythropoietin—has opened the door to reconsideration of the parameters by which clinicians treat anemia ( 3).

Causes of Anemia in Prostate Cancer Patients

Anemia may be secondary to the cancer itself, therapy for the cancer, or an unrelated cause ( 4) (Table 46-1). Therefore, an investigation into the cause of anemia in 
a prostate cancer patient should be the same as for any patient. Various methods have been proposed to classify anemias to arrive at the correct diagnosis. A modern 
approach to classify anemia first distinguishes between patients with decreased red cell production (bone marrow failure) and increased red cell production (acute 
blood loss and hemolysis) (5). Patients with bone marrow failure constitute the majority of patients with anemia, have a low reticulocyte count, and are further 
classified based on red cell size. Microcytic anemias (mean corpuscular volume less than 80 fL) include iron deficiency and thalassemias, and macrocytic anemias 
(mean corpuscular volume greater than 100 fL) include vitamin B 12 and folate deficiency, myelodysplasia, hypothyroidism, and liver disease. Normocytic anemias may 
include anemia of chronic disease, liver and renal disease, and primary diseases of the bone marrow. Anemia associated with increased red cell production includes 
the hemolytic anemias and anemia due to acute blood loss. Evaluation of the peripheral smear in the diagnosis of anemia is a simple procedure that can sometimes 
yield a diagnosis. Although any possible etiology for anemia may exist in prostate cancer patients, the most common are discussed below.

TABLE 46-1. POTENTIAL CAUSES OF ANEMIA IN PROSTATE CANCER

Iron Deficiency Anemia

Iron deficiency anemia in cancer patients may be related to inadequate iron absorption but more often is associated with chronic blood loss from the gastrointestinal 
and genitourinary tracts. In patients with prostate cancer, sources of bleeding include those directly related to the cancer, as well as those related to therapies 
directed at cancer. For instance, gastritis or peptic ulcer disease may cause occult upper gastrointestinal bleeding in patients treated for pain with aspirin or 
nonsteroidal antiinflammatory drugs. Direct extension of prostate cancer into the colon or rectum occurs on occasion and may be associated with bright red blood per 
rectum. Another possible source of bleeding is the bladder, although significant bleeding is seldom occult. Hematuria is rare as a presenting sign for prostate cancer 
but can be seen in some patients with locally advanced cancers. Other causes of iron deficiency should be considered as well, even in prostate cancer patients. 
Unrelated etiologies, including second cancers in the colon or kidney and malabsorption disorders, should be ruled out in the appropriate clinical setting ( 6).

The diagnosis of iron deficiency anemia can be confirmed in several ways. The peripheral blood smear generally shows hypochromic microcytes as well as 
pencil-shaped red blood cells. A low serum iron and total iron-binding capacity is characteristic of the diagnosis, as is a low serum ferritin (i.e., less than 10 µg per L). 
A bone marrow biopsy is pathognomonic in patients with anemia if iron stains are negative. In anemia of chronic disease and beta thalassemia, both of which are in 
the differential diagnosis for iron deficiency anemia, a bone marrow biopsy demonstrates normal staining for iron stores.

Treatment of iron deficiency must initially be directed toward the underlying cause of the anemia. Replacement of iron without further investigation of the source of 
iron loss can be potentially dangerous. Oral iron replacement is generally the most acceptable means to replenish iron stores. Ferrous sulfate at a dose of 325 mg 
given from one to three times a day is recommended (7). The most common side effects of this preparation include nausea and constipation. Parenteral forms of iron 
are available but are rarely needed in cancer patients. Blood transfusions are also a good source of iron and can be used in advanced prostate cancer patients who 
are iron deficient (2).



Anemia of Chronic Disease

Many chronic disorders have been associated with this anemia ( 8). Inflammatory diseases, such as rheumatoid arthritis and inflammatory bowel disease, were 
originally described in association with this anemia, but it was later appreciated that cancer and chemotherapy can lead to anemia of chronic disease. It has since 
been discovered that a defining characteristic of these disparate disease processes is a disproportionately low serum erythropoietin level for a given level of 
hemoglobin (9).

Usually characterized by a mild to moderate decrease in hemoglobin, anemia of chronic disease can be microcytic or normocytic. In addition, bone marrow iron stores 
usually are normal or high. The underlying mechanism is believed to be abnormal iron metabolism, which is associated with a shortened red-cell life span ( 8). There 
is rapid turnover of iron, with low serum iron and total iron-binding capacity levels. Ferritin levels typically are normal or elevated.

The diagnosis of anemia of chronic disease is often made by the exclusion of other disorders. Bone marrow biopsies are rarely necessary but can rule out iron 
deficiency. Determining serum erythropoietin levels is not of clinical benefit in cancer patients, because these values are not predictive of the efficacy of treatment. 
Cisplatin chemotherapy is classically associated with a normocytic normochromic anemia and is also associated with a relative lack of erythropoietin ( 10). Anemia 
related to hormonal ablation therapy is discussed in greater detail later. Therapy for anemia of chronic disease is generally directed toward the underlying chronic 
disorder. Red blood cell transfusions and recombinant human erythropoietin can both be considered in this setting.

Anemia Related to Hormonal Therapy for Prostate Cancer

Androgens have been known for many years to stimulate erythropoiesis. In fact, androgens have been used to treat aplastic anemia and anemia of end-stage renal 
disease. The mechanism for this effect may be through direct activation of erythroid precursors in the bone marrow or through activation of erythropoietin ( 11). 
Although anemia has been a well-described negative prognostic factor for survival in advanced prostate cancer ( 12), the reason for such an association has never 
been fully understood. One important association, which is unique to prostate cancer patients, is the effect of hormonal therapy on hemoglobin, a subject only recently 
explored in greater detail.

Bilateral orchiectomy has been used as a therapeutic maneuver for metastatic prostate cancer since 1941. A report from 1948 described hormonal effects in six 
imprisoned men castrated involuntarily for their crimes. Serum testosterone levels fell to castrate levels within 10 days, while mean hemoglobin concentrations fell by 
1 g per dL within 40 days (13) (Table 46-2). More recently, 187 patients who had bilateral orchiectomy for prostate cancer were retrospectively reviewed. Patients 
were included for further analysis if they had normal preoperative hemoglobin and creatinine levels, no evidence of clinical disease progression, and no other causes 
of anemia. Of the 64 patients included in the analysis, the median decrease in hemoglobin concentration was 1.2 g per dL after orchiectomy. This difference was seen 
within 90 days postoperatively and was maintained at the same level through all the intervals studied ( 14).

TABLE 46-2. EFFECT OF HORMONAL THERAPY ON HEMOGLOBIN

In a clinical trial of more than 1,300 metastatic prostate cancer patients randomized to bilateral orchiectomy with or without flutamide, the Southwest Oncology Group 
found no difference in overall survival between the two groups ( 15). In a toxicity analysis, anemia of grade 2 or higher (i.e., less than 8 g per dL) was seen in 5.4% of 
the orchiectomy alone group and 8.5% in the orchiectomy plus flutamide group ( p = .024). This minimal difference, although statistically significant, was not 
associated with any discernible difference in symptoms between the groups. In conclusion, bilateral orchiectomy alone frequently leads to a mild, clinically silent 
anemia in many patients and rarely produces hemoglobin levels less than 8 g per dL. The addition of flutamide to orchiectomy causes a small, statistically significant 
increase in serious anemia but is generally of no clinical importance.

Luteinizing hormone releasing hormone (LHRH) agonists, such as leuprolide and goserelin, similarly are associated with a normocytic normochromic anemia. This is 
particularly the case when LHRH agonists are combined with antiandrogens to achieve “total” or “combined” androgen blockade. Although anemia is seen frequently 
in advanced prostate cancer patients, multiple factors make it difficult to clarify the individual contribution of LHRH agonist versus the antiandrogen being used. The 
relative contributions of the disease itself, prior treatments such as pelvic radiotherapy, anemia related to progression of disease, and the side effects of medication 
are difficult to tease apart.

The purest method to judge anemia related to LHRH agonists alone is seen in studies of these drugs in benign prostatic hypertrophy (BPH), because it is used alone 
in such trials, and progressive bone metastases and prior radiotherapy are not concerns. A small pilot trial evaluated the effects of the LHRH agonist nafarelin in 
seven men with BPH. Hemoglobin levels declined a mean of 1.1 g per dL after 6 months of treatment, interestingly, with no associated change in serum erythropoietin 
levels during that time (16). A subsequent randomized double-blind placebo-controlled trial of 50 patients with BPH symptoms was reported. Half of the patients 
received depot leuprolide, 3.75 mg intramuscularly every 28 days for 6 months. Hemoglobin levels dropped by 0.8 g per dL at 6 months in the leuprolide group, 
compared with no change in the placebo group (p = .0052). This effect was reversed within 6 months of stopping therapy. Thus, in this group of men without cancer, 
leuprolide therapy alone (at half the doses used for prostate cancer) caused a reversible drop in hemoglobin similar to orchiectomy ( 17).

Combined androgen blockade (CAB) may increase the level of anemia even further, although controlled data are lacking. A study addressing this question evaluated 
the incidence of anemia in 131 patients with locally advanced prostate cancer treated with 2 months of goserelin acetate (Zoladex) plus flutamide, followed by another 
2 months of goserelin acetate plus flutamide with concurrent prostate radiotherapy. After 2 months of CAB, hemoglobin levels in all patients decreased an average of 
1.6 g per dL (range, 0 to 4.5 g per dL). After 2 more months of CAB and concurrent radiotherapy, hemoglobin levels decreased 2.8 g per dL (range, 0.1 to 6.8 g per 
dL). This decrease in hemoglobin paralleled a decrease in testosterone levels, and no evidence of blood loss or hemolysis was noted, even in men whose hemoglobin 
levels dropped more than 4 g per dL. Although not a controlled trial, the investigators compared these results to their historical experience with prostate radiotherapy 
alone, with which they reported minor drops in hemoglobin of less than 0.5 g per dL. Interestingly, they also found racial differences in recovery rates of anemia, with 
African-American patients having delayed recovery compared to white patients ( 18).

The largest descriptive analysis of anemia associated with CAB was reported in 1997. One hundred and thirty-three evaluable patients were analyzed, although they 
were treated with various combinations of hormonal ablation medications. Most received leuprolide monthly and flutamide in standard doses, but approximately 10% 
of patients received some other type of LHRH agonist or antiandrogen, or both. More than one-third also received finasteride as additional hormone therapy. 
Hemoglobin levels fell significantly from 14.9 to 13.1 g per dL after 3 months of therapy ( p <.001). The average nadir hemoglobin value of 12.3 g per dL, representing 
a 17% decline compared to baseline, was achieved after an average of 5.6 months. Ninety percent of patients had a decline in hemoglobin levels of 10% or greater, 
whereas 13% had a 25% or greater decrease, which was equivalent to a mean decline of 4.3 g per dL. Subset analyses of these patients also suggested that 
finasteride did not contribute further to anemia and that bicalutamide was less likely to cause anemia than flutamide. Thirteen percent of patients had symptoms 
attributed to anemia and were treated with recombinant human erythropoietin, to which all the patients responded ( 1).

Antiandrogen monotherapy has been advocated as one means to minimize side effects related to hormonal therapy while maintaining control of prostate cancer. In a 
randomized comparison of bicalutamide monotherapy with CAB (goserelin plus flutamide), the Italian Prostate Cancer Project study reported equivalent 



progression-free and overall survival in stage C and D patients, although median follow-up was only 38 months. Of note, however, mean hemoglobin levels decreased 
significantly in the group treated with goserelin plus flutamide, compared with bicalutamide. At the start of treatment, hemoglobin levels were 13.6 and 13.5 g per dL, 
respectively (p = not significant). After 3 months, mean hemoglobin had dropped in the goserelin plus flutamide patients to 12.8 g per dL, compared to 13.6 g per dL in 
the bicalutamide group (p = .008). This difference was maintained at 6 months (19).

However, another trial did demonstrate anemia in men receiving finasteride and flutamide as primary hormonal therapy for advanced prostate cancer. Of 19 men 
treated for 6 months with this regimen, hemoglobin levels decreased an average of 1.6 g per dL. No specific data were collected on symptoms associated with this 
anemia (20).

In summary, several recent studies have examined the anemia associated with hormonal ablation therapy and concluded similar results ( Table 46-2). Whether 
treatment consists of bilateral orchiectomy, LHRH agonist, antiandrogen therapy, or some combination of these, a mild normocytic anemia is common, with decrease 
in hemoglobin levels of 1 to 2 g per dL after approximately 6 months. What remains unclear from the available data is the clinical sequelae of these findings, if any, 
and the differences between monotherapy and CAB in causing anemia. The guidelines for treating patients on hormonal therapy for prostate cancer are generally 
similar to those for any anemia of chronic disease. Blood transfusions and erythropoietin can be considered. Continued studies are evaluating the role of hormonal 
strategies that are alternatives to standard CAB and, in particular, its relative effects on anemia. For instance, intermittent androgen ablation therapy may provide 
similar levels of prostate cancer control with fewer symptomatic complications ( 21). It is unknown whether one mechanism mediating this improvement is a decreased 
incidence of anemia.

Leukoerythroblastic Anemia

Bone marrow replacement by neoplastic cells is a significant clinical problem in advanced prostate cancer. Because bone is involved in more than 90% of patients 
with metastatic disease, patients frequently develop complications related to growth of cancer into bone marrow. This process is often associated with inflammation 
that leads to fibrosis. The resulting clinical syndrome has been referred to as leukoerythroblastic anemia (LKEA) ( 22). Leukoerythroblastic features are diagnosed 
when nucleated erythrocytes and immature myeloid cells are present in peripheral blood. It is usually, but not always, associated with anemia, and peripheral white 
blood cell and platelet counts also may be concomitantly decreased.

LKEA was first described in relation to prostate cancer more than 50 years ago. The largest contemporary series to evaluate the clinical and prognostic significance of 
LKEA in hormone-refractory prostate cancer patients was reported in 1993. One hundred and six patient records were retrospectively reviewed and peripheral blood 
smears analyzed for the presence of leukoerythroblastic changes. Twenty-six of 91 evaluable patients (29%) had evidence of LKEA. As might have been expected, 
patients with LKEA had significantly greater transfusion requirements ( p <.00001), but median survival length was no different between those with or without LKEA (9 
months vs. 11 months) (23). Treatment clearly needs to be directed toward the underlying cancer in this circumstance.

Pure Red Cell Aplasia

Pure red cell aplasia is a rare clinical entity characterized by anemia, reticulocytopenia, and an absence of erythrocyte precursors in the bone marrow. Although 
classically associated with thymomas, other cancers, as well as nonmalignant diseases, have been complicated by this syndrome. In addition, a large number of 
drugs have been associated with pure red cell aplasia, including anti-seizure medications and sulfa antibiotics. Chlormadinone, a progestational agent with 
antiandrogen properties used in Europe, was reported to induce pure red cell aplasia ( 24). More recently, a case was reported of leuprolide-induced pure red cell 
aplasia. A 67-year-old man with locally advanced prostate cancer was started on monthly leuprolide and developed a decrease in hemoglobin from normal to 7.6 g 
per dL within 4 months. Reticulocyte count was 0.9%, and his white blood cell and platelet counts were normal. A bone marrow evaluation showed severe erythroid 
hypoplasia. He was taken off leuprolide, had a bilateral orchiectomy, and was treated with prednisone with return of his hemoglobin to 11.9 g per dL within 5 months 
(25).

Hemolytic Anemia

Hemolytic anemia includes a wide spectrum of pathophysiologic processes that share the final common pathway of hemolyzed erythrocytes ( 5). Two major categories 
of hemolyses are seen more frequently than others in prostate cancer patients: autoimmune and microangiopathic hemolytic anemias. Obviously, other causes of 
hemolysis can be seen in the general population, including rare red cell membrane disorders, hemoglobinopathies, glucose-6-phosphate dehydrogenase deficiency, 
and hemolysis associated with certain chemicals or infections.

Hemolysis is evident when increased red cell destruction and production occur. Indirect serum bilirubin and lactate dehydrogenase levels generally rise, serum 
haptoglobin levels fall, and reticulocytosis is generally seen. A Coombs' antibody test can often separate immune hemolytic anemias from nonimmune causes. Red 
cell morphology can also be helpful in distinguishing specific types of hemolysis, with spherocytes or schistocytes signifying immune or red cell fragmentation 
syndromes, respectively.

Autoimmune hemolysis directly associated with cancer is a rare event. In the largest analysis of its kind, the Trent Regional Blood Transfusion Center reviewed the 
records of patients with erythrocyte autoantibodies and a confirmed cancer diagnosis seen during a 10-year period. There was a highly significant association 
between the presence of autoantibodies and carcinoma, occurring together 12 to 13 times more frequently than expected. Fourteen of 160 patients in this cohort had 
prostate cancer, ten with warm autoantibodies, three with cold, and one mixed. Half of these patients had clinical evidence of hemolysis. Other potential causes of 
autoimmune hemolytic anemia were detected in two of these patients. The investigators concluded that erythrocyte autoimmune antibodies are seen more frequently 
associated with cancer than expected in this observational database, and these autoantibodies can be associated with clinical sequelae. Unfortunately, this 
retrospective analysis was unable to clearly elucidate whether confounders such as concurrent treatments may have contributed to the autoimmune hemolysis ( 26).

Microangiopathic hemolytic anemia has been described as a complication of certain metastatic cancers, including gastric, breast, and lung cancer ( 27). The primary 
location for this pathologic process is thought to be small blood vessels in the lung, in which deposits of fibrin thrombi cause shearing of red cells. Hemolytic uremic 
syndrome (HUS) has an identical component of microangiopathic hemolysis with associated thrombocytopenia and renal failure. Renal biopsies typically demonstrate 
deposition of fibrin and platelet thrombi in arterioles and glomeruli.

HUS has been described in several case reports of advanced prostate cancer. In a summary of the seven published cases of HUS in prostate cancer, patient 
characteristics were more clearly outlined ( 28). Most patients presented with HUS before a diagnosis of metastatic prostate cancer, generally within a year. All seven 
patients required dialysis and four were treated with plasmapheresis. Three developed relapses of HUS in the follow-up period, and three developed DIC during 
follow-up. DIC, which likely shares a pathogenic mechanism with HUS, is discussed separately in Coagulation Disorders.

Several drugs used in prostate cancer treatment have also been implicated as a cause of HUS. Mitomycin C is the most common cancer drug associated with this 
disorder, but others, including cisplatin, have been implicated. Tamoxifen ( 29) and estramustine (30) may also cause HUS. Generally, the disease improves after 
discontinuing the causative agent, along with the necessary supportive care for anemia and renal failure.

Treatment of Anemia

The first therapeutic maneuver to consider in the management of anemia is to address the underlying cause. For example, gastritis from the use of nonsteroidal 
antiinflammatory drugs can lead to chronic blood loss that may require a change in pain medication, initiation of H2 blockers such as ranitidine, and the use of oral 
iron. Alternatively, an autoimmune hemolytic anemia requires investigation of underlying potential causes, including certain drugs, and subsequent steroid therapy. 
Anemia that is the direct result of the cancer, such as LKEA or microangiopathic hemolytic anemia, generally responds only to effective treatment of the underlying 
disease itself.

Transfusions represent the fastest and most effective means to treat symptomatic anemia. With rare exception, transfusion of a unit of packed red blood cells will 
increase the patient's hemoglobin 1 g per dL and hematocrit approximately 3 percentage points. The risks of blood transfusion are minimal with modern screening and 
administration methods. The greatest infectious risk remains hepatitis C, which occurs in one of 30,000 to 150,000 transfusions, and hepatitis B, which occurs in one 
of 30,000 to 250,000 transfusions (31). Human immunodeficiency virus infection is even less likely, occurring in 1 of 225,000 to 2,000,000 transfusions ( 32). Other 
rare risks of transfusion include acute and delayed hemolytic reactions and transfusion-related acute lung injury ( 2).



Recombinant human erythropoietin (epoetin alfa) was first evaluated in chronic renal failure patients in the 1980s and produced clinically meaningful levels of 
erythropoiesis in the majority of patients, such that most patients were rendered transfusion independent ( 33). A series of trials have explored the use of epoetin alfa 
in the treatment of cancer patients (Table 46-3). Because cisplatin-based chemotherapy may induce a greater suppression of endogenous erythropoietin levels than 
non-cisplatin–based regimens, initial clinical trials analyzed the effects of epoetin alfa separately in these two populations. Phase I/II studies established that various 
parenteral routes (intravenous or subcutaneous), doses (25 to 300 U per kg), and schedules (3 to 5 days per week) could induce clinically significant increases in 
hemoglobin, hematocrit, and quality of life in cancer patients receiving chemotherapy ( 34,35,36 and 37).

TABLE 46-3. TRIALS OF RECOMBINANT HUMAN ERYTHROPOIETIN IN CANCER PATIENTS

Two randomized clinical trials have compared epoetin alfa to placebo in cancer patients receiving chemotherapy. Case et al. performed a randomized double-blind 
placebo-controlled trial of epoetin alfa (150 U per kg) versus placebo in 153 anemic cancer patients (6% with prostate cancer) receiving non-cisplatin–based 
chemotherapy (36). Three separate measures of response demonstrated benefit with epoetin alfa, compared to placebo: rise in hematocrit greater than 38% (41% vs. 
4%, p = .0001), 6 percentage points or more rise in hematocrit from baseline (58% vs. 13.5%, p = .0001), and mean percentage point change in hematocrit after 12 
weeks (6.9 vs. 1.0, p = .0001). There was a trend toward fewer transfusions with epoetin alfa, compared to placebo (29% vs. 37%, p = .056). Finally, quality of life 
assessments in 124 patients demonstrated significant improvements in energy level and ability to perform the activities of daily living in treated patients ( p <.05) (36). 
A similar randomized controlled trial of 99 patients treated with cisplatin-based chemotherapy, none of whom had prostate cancer, showed similar favorable outcomes 
(35).

An open label trial of 2,342 patients treated in the community by more than 500 oncologists was reported in 1997 ( 38). All anemic patients with nonmyeloid 
malignancies receiving chemotherapy were eligible, but only 4% had prostate cancer. Epoetin alfa was scheduled to be given subcutaneously, 150 U per kg three 
times a week for 4 months, but only 1,047 patients completed the prescribed course. Even in this mixed population, however, epoetin alfa demonstrated a significant 
increase in hemoglobin over baseline, improvements in quality of life, and decreased transfusion requirements, all of which were statistically significant. However, no 
correlation was seen between baseline serum erythropoietin levels and hemoglobin response ( 38).

Only a single small clinical trial specifically evaluated the effect of epoetin alfa in anemic prostate cancer patients. Beshara et al. treated nine men with 
hormone-refractory disease with epoitin alfa, 150 U per kg subcutaneous three times a week. Seven patients had a significant increase in hemoglobin, 1.7 g per dL or 
greater. Only two patients had low serum erythropoietin levels ( 39). A larger multicenter randomized trial is currently evaluating the use of epoetin alfa therapy in 
advanced prostate cancer patients.

Epoetin alfa is extremely well tolerated. Although thrombotic complications have been reported (primarily in renal failure patients), the incidence is very low and may 
be similar to the general cancer population. Hypertension and neurologic symptoms have also been reported. Unfortunately, epoetin alfa is expensive therapy, costing 
approximately $300 to $400 per week. The cost effectiveness of this therapy in cancer patients remains an unresolved issue ( 40). Thus, appropriate patient selection 
and optimal dosing schedules continue to be explored. Although the ability of epoetin alfa therapy to improve anemia in cancer patients receiving chemotherapy has 
been well demonstrated, there are important concerns about the relative clinical benefit that such therapy provides. In addition, although new approaches such as 
weekly subcutaneous dosing have been shown to produce equally good results as daily or thrice weekly dosing in presurgical ( 41) and endstage renal disease 
patients (42), it has yet to be adequately studied in cancer patients.

In summary, treatment of anemia in prostate cancer patients should focus on reversible underlying causes first. Transfusions of red cells can be a quick and effective 
means to relieve symptoms of severe anemia with relative safety. Erythropoietin may play a role in cancer-related anemia, particularly in those patients being treated 
with chemotherapy. Serum erythropoietin levels are generally not of value in distinguishing those most likely to benefit. Treatment should be individualized depending 
on the patient and the goals of therapy, but ongoing randomized trials in prostate cancer should more clearly define the role of epoetin alfa in the future.

Hemoglobin Levels and Prognosis

Hemoglobin has been shown in many studies to be an independent significant factor for predicting survival in hormone-refractory prostate cancer. Of at least eight 
trials that have done a multivariable analysis of hemoglobin as a predictor for survival, four demonstrated independent negative prognostic value to a low hemoglobin 
level (12).

The exact mechanism for this association is poorly understood. Presumably, hemoglobin represents an indirect measure of tumor volume, particularly in the bone 
marrow in which, by direct metastases (e.g., LKEA) or some other means, cancer cells exert an effect on erythropoiesis that is important. This is an important topic for 
further basic and clinical research.

LEUKOPENIA AND THROMBOCYTOPENIA

Generally, leukopenia and thrombocytopenia in prostate cancer patients are a result of treatment. In particular, cytotoxic chemotherapy is well-known to cause 
myelosuppression, but hormonal therapy, radiopharmaceuticals, and other agents also may be associated with decreased white blood cell and platelet counts. 
Thrombocytopenia that is related to DIC is discussed further in the following section.

Secondary hormonal therapies have rarely been associated with severe hematologic toxicities. In one study, aminoglutethimide at a dose of 500 to 1,000 mg per day 
induced marked leukopenia (defined as a white blood count of less than 1,500 per mm 3) or thrombocytopenia (platelet count of less than 50,000 per mm 3), or both, in 
12 of 1,333 (0.9%) patients treated for metastatic breast or prostate cancer. Depression of blood counts was noted within 7 weeks of starting therapy and recovered 
after stopping treatment in all except one patient who died from marrow aplasia and subsequent sepsis ( 43). Another trial noted transient mild thrombocytopenia 
during diethylstilbestrol infusion in 10 of 13 patients ( 44).

The dose-limiting toxicity of radiopharmaceutical agents, including strontium-89, samarium, and rhenium-186-HEDP, remains myelosuppression and, in particular, 
thrombocytopenia. The mechanism for this effect is based on the absorbed dose by the bone marrow, which correlates well with the degree of thrombocytopenia ( 45). 
Some groups have advocated a dosing strategy for such drugs on the basis of a pretreatment bone scan with subsequent dose adjustment to avoid unacceptable 
levels of thrombocytopenia (46). In addition, when administered to the pelvis, a common site for bony metastases, external beam radiotherapy can cause 
myelosuppression and, in particular, thrombocytopenia. Because many of these patients also have had prostate irradiation, the cumulative dose to the pelvis can be 
significant.

Chemotherapy for prostate cancer has had a checkered past. Initial studies in the 1970s suggested that traditional drugs, such as cyclophosphamide and 
hydroxyurea, might have some efficacy in treating hormone-refractory disease. However, by the 1980s, the tide of opinion shifted, and cytotoxic chemotherapy fell out 
of favor for any stage of prostate cancer. In the past several years, the tide has shifted again, as phase II and III studies are demonstrating subjective and objective 



evidence of benefit in advanced prostate cancer patients ( 47).

Many recent trials of combination chemotherapy in hormone-refractory prostate cancer have demonstrated meaningful improvements in pain and evidence of tumor 
response. Active regimens include mitoxantrone plus prednisone and estramustine combined with vinblastine, paclitaxel, docetaxel, etoposide or carboplatin, or both. 
The most promising regimens appear to combine drugs that have antimitotic effects. Response rates in these clinical trials range from 40% to 60% when using PSA 
declines of 50% or greater, with objective measurable responses or symptomatic improvements in pain as primary end points ( 47).

Mitoxantrone, which has been approved for this use by the U.S. Food and Drug Administration, caused mild myelosuppression in two phase III trials in prostate cancer 
(48,49). This was despite the fact that many of these patients had received prior pelvic radiotherapy. Estramustine causes no myelosuppression but, in fact, has been 
shown to ameliorate the leukopenia associated with vinblastine in a randomized trial of the combination compared to vinblastine alone ( 50). Taxanes are among the 
more active drugs currently being evaluated in prostate cancer and clearly can be associated with myelosuppression ( 47). However, new regimens currently under 
study include weekly dosing strategies that have much less effect on white blood cell and platelet counts.

In summary, many therapies in common use for advanced metastatic prostate cancer can be associated with significant thrombocytopenia or leukopenia. Culprits may 
include hormonal therapies, cytotoxic chemotherapy, external beam radiotherapy, radiopharmaceutical injections, and other drugs. Drugs such as filgrastim 
(Neupogen) have been used as a component of some combination chemotherapy regimens. Platelet transfusions may be given for a platelet count of less than 50,000 
per mm3 associated with bleeding or platelet counts of less than 10,000 to 20,000 per mm 3 in an asymptomatic patient.

COAGULATION DISORDERS

Bleeding diathesis had been recognized as a complication of advanced prostate cancer as early as 1930 ( 51). Since that time, reports based on several small case 
series suggested the existence of a strong association between prostate cancer and coagulation disorders. In 1953, Tagnon and colleagues noted that prostate 
cancer patients with bleeding difficulties had low levels of serum fibrinogen and displayed marked fibrinolysis that the researchers theorized was from a plasminlike 
enzyme secreted directly from prostate tumor cells. This concept held sway into the 1970s, when increasing experimental and clinical evidence suggested that 
fibrinolysis was secondary to systemic intravascular coagulation and not a primary phenomenon ( 51).

DIC is characterized by widespread activation of the coagulation pathways, leading ultimately to thrombus formation in small- and medium-sized blood vessels and 
subsequent organ failure (52). The current model of the pathogenesis of DIC in prostate cancer is not well understood. Some tumor cell factors are able to activate 
various cytokines (primarily interleukin-6) to trigger thrombin and, therefore, fibrin formation. In addition, plasminogen activator inhibitor type 1 suppresses fibrinolysis, 
which inhibits fibrin degradation, resulting in systemic intravascular coagulation.

Traditionally, the incidence of DIC in prostate cancer has been reported to be as high as 25% ( 53). In fact, a prominent review published in 1999 lists pancreatic and 
prostate cancers as examples of solid tumors that cause DIC. However, several groups have reported that the incidence of coagulation disorders in untreated prostate 
cancer is actually much lower (54). In a retrospective analysis of more than 1,600 patients with prostate cancer seen at M. D. Anderson Cancer Center (MDACC) over 
5 years, only 60 patients were evaluable who had surgery at MDACC and available clinical follow-up. Of these, only one patient had low-grade DIC and another had 
deep venous thrombosis (54). In another retrospective evaluation of 35 patients with metastatic prostate cancer, three patients (9%) were reported in one series to 
have “abnormal clotting” (55). In one series of 80 patients diagnosed with prostate cancer in the Phoenix Veterans Administration Hospital from 1982 to 1984, four 
(5%) presented with acute gastrointestinal bleeding. Three patients had evidence of DIC, two of whom had dramatic resolution of DIC after hormone therapy ( 56).

Other groups have prospectively evaluated coagulation laboratory parameters to assess the risk of bleeding. Thirty patients with metastatic prostate cancer were 
found to have statistically significant lower levels of antithrombin III compared to healthy controls ( 57). In another study, 165 prostate cancer patients were screened 
preoperatively, with only 3.7% having a significant coagulation laboratory abnormality. Only one patient experienced postoperative DIC ( 58). In the MDACC series 
noted earlier, 16 patients were prospectively evaluated and only one patient had an abnormal coagulation test, an elevated fibrinopeptide A level ( 54).

Although individual case reports have described DIC after transrectal prostate biopsy ( 59), at the time of surgery and in advanced metastatic disease, the largest 
series have evaluated patients with localized disease. Although it seems reasonable to assume that the prevalence of DIC would increase with stage or progression 
of disease, such data are unavailable. There are also no data regarding DIC in hormone-refractory prostate cancer.

DIC diagnosed concurrently with advanced prostate cancer has been treated with various hormonal ablation therapies, including estrogen ( 60) and ketoconazole 
(61,62). One patient with DIC and excessive fibrinolysis responded to epsilon aminocaproic acid ( 63). Other measures that have been used to treat acute effects of 
DIC are generally ineffective unless the underlying cause is addressed first. Heparin in low doses, platelet and plasma transfusions, concentrates of coagulation 
inhibitors such as antithrombin III, and antifibrinolytic agents have all been used with mixed results ( 52).

Thrombocytopenic thrombotic purpura represents another end of a clinicopathologic spectrum of coagulation disorders that include HUS and DIC. It rarely has been 
reported in association with cancer, and only a single case report has been reported in a patient with prostate cancer ( 64).

In summary, coagulation disorders are associated with prostate cancer, usually DIC, in a modest proportion of cases. Although the exact incidence is difficult to 
specify, it is likely much lower than the 25% that was reported 30 years ago. Treatment of the underlying malignancy with hormonal therapy frequently can reverse the 
disorder, although other supportive measures may need to be considered.

CONCLUSION

In summary, prostate cancer is associated with clinically significant hematologic abnormalities that may be caused by the cancer or treatment directed at the cancer. 
Anemia is a common complication of advanced prostate cancer and may be related to iron deficiency anemia, anemia of chronic disease, hemolytic anemias, LKEA, 
or other causes. Anemia related to hormonal ablation therapy is an important etiology of normocytic anemia in this population, generally decreasing hemoglobin by 1 
to 2 g per dL. Treatment for anemia is directed at the underlying cause but may also include blood transfusions and recombinant human erythropoietin. Epoetin is 
being studied in a large randomized multicenter clinical trial in patients with hormone-refractory prostate cancer that should address its value for such patients. 
Leukopenia is a potential complication of cytotoxic chemotherapy for prostate cancer. Thrombocytopenia may be related to treatment as well, including chemotherapy, 
external beam radiation, and radiopharmaceuticals. Thrombocytopenia can also be associated with coagulation disorders such as DIC. Coagulation disorders have 
been associated with all stages of prostate cancer, although patients usually have advanced disease. Hematologic complications of prostate cancer deserve a 
renewed evaluation, particularly as new treatments are evolving.
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INTRODUCTION

Prostate cancer is the most frequently diagnosed cancer and the second leading cause of cancer death in men in the United States ( 1). An early study found that 
neurologic complications occurred in 21% of prostate cancer patients, especially those with advanced disease ( 2). Today, the incidence of neurologic complications in 
patients with prostate cancer is likely to be significantly lower, as patients are diagnosed increasingly earlier in the course of their disease. The most common 
neurologic complications are epidural spinal cord compression (ESCC) and toxic metabolic encephalopathies, which are usually caused by medications and infections 
(2). Other neurologic complications are relatively uncommon. This chapter reviews the neurologic complications of prostate cancer and its therapies. Toxic metabolic 
encephalopathies and pain from bony metastases without associated neurologic dysfunction are not discussed.

EPIDURAL SPINAL CORD COMPRESSION

Background

ESCC refers to compression of the thecal sac from tumor in the epidural space at the level of the spinal cord or cauda equina. This is the most common neurologic 
complication in patients with prostate cancer and is associated with significant morbidity ( 2). ESCC tends to occur in patients with advanced-stage disease and poorly 
differentiated tumors (3,4). Prostate cancer accounts for approximately 15% to 20% of all cases of ESCC ( 5) and is the second most common cause of cord 
compression in men after lung cancer (3,4,6,7,8 and 9). In older series, ESCC affected up to 7% of patients with prostate cancer and was the presenting symptom in 
10% to 25% of these patients (3,4,7,8). The introduction of screening tests such as prostate-specific antigen has resulted in patients being diagnosed increasingly at 
an earlier stage, and it is likely that the incidence of ESCC in prostate cancer patients is now lower. Nonetheless, ESCC remains a common problem in patients with 
prostate cancer, and it is important to have a high index of suspicion, because it is treatable when diagnosed early but is associated with a poor outcome once 
neurologic function is affected ( 7,10).

Pathogenesis

The spine is one of the most common sites of bony metastases in patients with prostate cancer and may be involved in up to 80% of patients with advanced disease 
(9). Most cases of ESCC arise from seeding of vertebral body bone marrow by tumor cells travelling in the paravertebral blood vessels or Batson's plexus ( 9). The 
tumor within the vertebral body grows posteriorly, compressing the spinal cord directly or indirectly by producing collapse of the bone. Less commonly, ESCC results 
from tumors arising from the posterior spinal elements or growth of a paraspinal mass through the neuroforamen. Direct vascular seeding of the epidural space is 
extremely uncommon. The enlarging epidural tumor initially causes obstruction of the epidural venous plexus, resulting in vasogenic edema. The beneficial effects of 
steroids may be due to its effects on this edema (10). Prostaglandin and serotonin levels are increased at the site of compression, and, in animal studies, 
indomethacin and serotonin receptor blockers have been effective ( 10,11). Eventually, blood flow is compromised and spinal cord infarction results ( 11). The rate at 
which spinal cord compression develops is an important determinant of potential reversibility of pathologic changes and clinical dysfunction, with slowly progressive 
lesions much more likely to be reversible than rapidly progressive ones ( 10).

The distribution of ESCC in the spine is roughly in proportion to the combined volumes of the vertebral bodies in each region. Approximately 60% of cases occur in 
the thoracic spine, 30% in the lumbosacral spine, and 10% in the cervical spine ( 3,4,7,9,12). Up to one-third of patients will have multiple epidural metastases ( 13,14).

Clinical Features

Pain is present in 95% of ESCC patients and is generally the initial symptom. Pain typically precedes other symptoms of ESCC by 1 to 2 months ( 5,15,16). Certain 
features of the pain increase the likelihood of ESCC. These include pain that worsens with recumbency (due to distension of the epidural venous plexus), thoracic 
localization, and percussion tenderness. Acute worsening of pain suggests a pathologic compression fracture. Radicular symptoms may develop when epidural 
disease is located laterally and tend to be more common with lumbar and cervical ESCC ( 16). Pain in these areas tends to produce unilateral pain, whereas thoracic 
radicular pain is almost always bilateral. Unfortunately, weakness is present in approximately 75% of patients with ESCC by the time of diagnosis ( 16,17), and, in most 
large series, a majority of patients are no longer ambulatory ( 3,5,7,8,12,15). When the site of compression is above the level of the conus medullaris, the corticospinal 
tracts are involved, producing pyramidal weakness in which the flexors are affected more than the extensors. This weakness may be associated with spasticity, 
hyperreflexia, and extensor plantar responses. In general, the weakness tends to be symmetrical and hemicord syndromes are uncommon. Lesions below the conus 



involve the cauda equina, producing a polyradiculopathy with weakness and depressed reflexes. Sensory complaints occur less frequently than weakness but are still 
present in the majority of patients at presentation ( 10) and usually take the form of ascending numbness and paresthesias. Although a spinal sensory level may be 
present, the lesion is often several spinal segments rostral to the clinical level. Cauda equina lesions often produce saddle sensory loss, whereas lesions above the 
cauda equina frequently spare the sacral dermatomes. Lateral lesions may produce radicular pain and sensory loss in a dermatomal distribution. Radiculopathies 
occur more commonly in the lumbosacral spine and have greater localizing value. Autonomic dysfunction, especially urinary retention, is common ( 8,7,12,18) but is 
generally a late finding in ESCC.

Neuroimaging

The diagnosis of ESCC has been revolutionized by the introduction of magnetic resonance imaging (MRI) ( Fig. 47-1). Careful imaging of the spine is necessary not 
only to establish the diagnosis of ESCC but also to determine the extent of the lesion and the presence of other sites of ESCC. Clinical localization of the level of 
spinal cord compression is often inaccurate. Even neurooncologists “miss” the localization of symptomatic ESCC by more than one spinal level more than 25% of the 
time (13,19).

FIGURE 47-1. A: Sagittal and (B) axial T1-weighted magnetic resonance imaging scan of the thoracic spine showing compression of the spinal cord by prostate 
cancer. Arrows point to the tumor.

Plain spinal radiographs are useful, if abnormal. Unfortunately, false negatives occur in 10% to 17% of patients ( 5,20) owing to paraspinal tumor invasion through the 
neuroforamen, involvement of multiple vertebrae obscuring the relevant lesion, and the fact that 30% to 50% of bone must be destroyed before the radiograph is 
positive. The usefulness of plain films is highlighted by the fact that, in cancer patients with back pain, major vertebral body collapse on radiograph regardless of 
clinical state and pedicle erosion with associated radiculopathy predict a more than 75% chance of ESCC ( 21). Algorithms combining the use of plain radiographs with 
bone scanning suggest that if both studies are negative in a cancer patient with spinal symptoms, then the risk of ESCC may be as low as 2% ( 22). Such an approach 
may be reasonable in cancer patients with back pain alone; however, radiculopathy, myelopathy, and severe or progressive pain should lead to more definitive 
studies.

MR scanning and myelography (particularly when combined with computed tomography) are capable of delineating extradural compression of the thecal sac. Several 
studies dating from MR scanning's early years yielded conflicting results but demonstrated no major superiority for MR ( 23,24). MR scanning's recent technical 
improvements, in addition to its convenience, ability to screen the entire spine, and superiority to myelography in demonstrating bone and intramedullary lesions, 
make it the study of choice for most patients. Computed tomography myelography may be used in patients who cannot have MRI (e.g., patients with pacemakers). It 
may occasionally display laterally placed lesions not seen on MR scanning and allows for simultaneous cerebrospinal fluid (CSF) collection.

Differential Diagnosis

Epidural metastasis must be differentiated from nonmalignant conditions that can produce back pain and neurologic dysfunction, as well as malignant, non-ESCC 
causes of these symptoms. Benign conditions that can compress the thecal sac include disc herniation, spinal stenosis, suppurative bacterial infections, tuberculosis, 
vascular malformations, epidural hematoma, and compression fractures. Tumors, such as chordoma, may involve the cauda equina, whereas meningiomas and 
neurofibromas can compress the spinal cord and produce radicular and myelopathic syndromes.

Among the malignant conditions that must be differentiated from ESCC are vertebral metastases without epidural extension; tumor infiltration of the lumbosacral 
plexus (leading to severe local or radicular pain, followed by weakness and numbness); and, very rarely, leptomeningeal and intramedullary metastases. Radiation 
myelopathy must also be considered if the spinal cord has been previously irradiated ( 25). The total previous radiation dose and fraction size are important risk 
factors, as is the length of cord irradiated. The latency after radiotherapy (RT) is typically 9 to 15 months but can be shorter or longer. Radiation myelopathy usually 
presents as a progressive myelopathy, beginning with ascending sensory symptoms followed by upper motor neuron signs. Pain is common, and the frequent 
presence of a Brown-Sequard syndrome (with ipsilateral weakness, dorsal column sensory loss, contralateral pain, and temperature loss) may be diagnostically 
helpful.

Management of Epidural Spinal Cord Compression

Supportive Care

Patients with ESCC are frequently in considerable pain. Corticosteroids usually improve pain within a few hours, but patients frequently will also require opiate 
analgesics. The autonomic dysfunction, analgesics, and reduced mobility in patients with ESCC often result in constipation and occasionally ileus and perforation of 
abdominal viscus. The symptoms of bowel perforation may be masked in patients receiving steroids. To avoid these complications, ESCC patients require an 
aggressive bowel regimen. Prophylaxis against venous thromboembolism should be strongly considered in nonambulatory patients. External spinal bracing is 
sometimes used but unproven and may be poorly tolerated. There is generally no need to confine patients to bed if they are ambulatory.

Corticosteroids

The beneficial effects of corticosteroids in patients with ESCC were initially noted empirically in the 1960s ( 26) and subsequently supported by animal studies ( 27,28). 
To date, there has been only one randomized clinical trial addressing the usefulness of corticosteroids in ESCC ( 29). In this trial, 57 patients with carcinoma and 
myelographically confirmed ESCC, all of whom underwent standardized RT, received either no dexamethasone or 96 mg followed by 24 mg four times daily, tapering 
over 10 days. Patients were stratified according to primary tumor type and neurologic function. A significantly higher percentage of patients receiving steroids 
remained ambulatory over time (81% vs. 63%). However, these high doses of dexamethasone were associated with serious side effects in 11% of patients. Heimdal et 
al. (30) similarly noted a 14% serious complication rate in 28 patients with ESCC undergoing RT using this high dose of dexamethasone. In contrast, no serious side 
effects were seen in 38 patients receiving 16 mg of dexamethasone daily tapered over 2 weeks. There was no difference in ambulatory outcome between the two 
groups.

In summary, there is good evidence that “high-dose” dexamethasone is an effective adjunct to RT but is associated with a moderate probability of serious toxicity, 
whereas “low-dose” dexamethasone is associated with fewer side effects but is not supported by randomized, controlled data ( 31). In general, we reserve the use of 
high-dose dexamethasone for patients with paraplegia or paraparesis and treat all other patients with 16 mg of dexamethasone daily in divided doses. When 
high-dose dexamethasone is used, it is important to taper the dose fairly rapidly to diminish the risk of complications, such as steroid myopathy and infection. One 
approach is to halve the total daily dexamethasone dose every 3 days as long as the patient has not neurologically deteriorated ( 10). There is some evidence that 
patients with back pain but no evidence of myelopathy and less than 50% narrowing of the spinal canal with epidural disease can safely undergo RT without 
corticosteroids (32).



Radiotherapy

For most patients, fractionated external beam radiation therapy is the treatment of choice for ESCC. No dose-fractionation schema has proven superior to others. 
Most patients receive 2,500 to 4,000 cGy in 10 to 20 fractions over 2 to 4 weeks, with 3,000 cGy in 10 fractions being a particularly popular regimen ( 10,31,33). In 
general, only symptomatic regions or asymptomatic sites with significant epidural disease are treated, with a margin of one to two vertebral bodies above and below 
the site. For prostate cancer patients with poor performance status and a short life expectancy, an RT regimen of two fractions of 800 cGy given 1 week apart 
produces comparable outcomes to more conventional fractionation schedules ( 34).

Many series have demonstrated that 80% to 100% of patients who are ambulatory at the onset of treatment will remain ambulatory at the conclusion of therapy. In 
contrast, only one-third of paraparetic patients and 2% to 6% of paraplegic patients will regain the ability to walk ( 5,32,33,35,36). These outcomes highlight the fact 
that pretreatment neurologic function is the strongest predictor of posttreatment neurologic function and the importance of early diagnosis of this condition. The 
second strongest predictor of outcome is the radiosensitivity of the tumor. Patients with a radiosensitive tumor, such as prostate cancer, have a much higher chance of 
regaining neurologic function than other histologies ( 33). Similarly, patients with favorable histologies appear less likely to suffer eventual local relapse of their 
epidural disease (15). The degree of thecal sac compression is also a weak prognostic factor for outcome ( 37,38).

Surgery

Laminectomy

For many years, decompressive laminectomy was the standard treatment of patients presenting with ESCC and neurologic deficits. However, outcomes were often 
disappointing, probably due in part to poor access to anteriorly located tumor and in part from further destabilization of the spine. Retrospective case series 
comparisons (39) and one small randomized trial (40) found no difference in outcome between patients receiving laminectomy and RT compared to RT alone. 
Consequently, decompressive laminectomy has fallen out of favor for the treatment of ESCC ( 31).

Vertebrectomy

Improvements in spinal instrumentation led some surgeons to investigate more aggressive tumor resections, often consisting of vertebral corpectomy, for patients with 
ESCC (41,42 and 43). The goal of such procedures is gross total tumor resection followed by spinal reconstruction, if necessary. These investigators reported 
promising results by curetting out the tumor from the vertebral body and epidural space, followed by bone grafting or the use of methylmethacrylate and 
instrumentation to achieve stabilization. Patients frequently experienced improvement over preoperative neurologic status, and some paraplegic patients regained the 
ability to walk. One series suggested that 82% of operated patients improved after the procedure, and two-thirds of patients who were nonambulatory preoperatively 
were able to walk after the surgery (43). However, another study found that the inability to ambulate preoperatively prognosticated a poor outcome ( 44). Although the 
promising results from aggressive surgical resection have not yet been confirmed in a randomized controlled trial (such a trial is ongoing), this option should be 
strongly considered in cases of spinal instability, bony compression, local recurrence after spinal RT or deterioration during RT, and minimal or controllable 
malignancy elsewhere (10,31). Patients who have not previously received spinal RT generally do so after postsurgical healing has occurred. Aggressive resection 
carries a significant morbidity and mortality rate. Mortality ranges between 6% and 10%, and the complication rate is as high as 48%, with wound breakdown 
(probably related to corticosteroids and, in some cases, prior RT), stabilization failure, infection, and hemorrhage occurring fairly commonly ( 43).

Chemotherapy

Chemotherapy does not have a role in the standard treatment of ESCC in patients with prostate cancer, although it can be useful for ESCC from more chemosensitive 
tumors, such as non-Hodgkin's lymphoma (45).

Hormonal Therapy

There are several anecdotal reports of ESCC from prostate cancer responding to hormonal manipulation alone ( 3,46,47). Hormonal manipulation may also have a role 
in the treatment of ESCC in combination with other therapies (48). In one study, 37 men with prostate cancer and ESCC were treated with laminectomies. Fifteen of 
these men were also treated with hormonal manipulation. Of these patients, 80% were ambulatory after therapy, compared to only 42% of patients who had received 
prior hormonal therapy and were treated only with surgery ( 9,48). Unfortunately, 57% to 82% of prostate cancer patients who develop ESCC have already had prior 
hormonal therapy (3,9,12,48), limiting the usefulness of this approach.

Bisphosphonates such as clodronate and pamidronate are of proven benefit in reducing bone pain in patients with prostate cancer ( 49,50), but they have not yet been 
shown to decrease the incidence of ESCC.

Recurrent Epidural Spinal Cord Compression

Because the prognosis for patients with ESCC from prostate cancer is poor after treatment for ESCC ( 8), locally recurrent epidural disease is a relatively infrequent 
problem. However, for those patients who recover from the initial episode of ESCC, there is a 45% risk of developing a further episode of ESCC at the same site or at 
a different site within the next 2 years (8). Further treatment with RT can be given if the recurrent disease occurs outside the previous radiation field. If the relapse 
occurs within the previous radiation field, then surgery should be considered. A second course of RT has generally been avoided in the past because of concerns 
about radiation injury. However, there is some evidence suggesting that a second course of spinal radiation can be given reasonably safely to patients in whom there 
are no other satisfactory options ( 10). Although re-irradiation may result in a cumulative dose exceeding the spinal cord's reported radiation tolerance, radiation 
myelopathy in this setting is uncommon. This may be attributable to repair of radiation damage between courses, the generally short survival of patients receiving 
re-irradiation compared to the latency of radiation myelopathy, or a combination of these factors. Radiosurgery delivered with a linear accelerator is another modality 
in the early stages of investigation for such patients ( 51).

Prognosis

The prognosis of prostate cancer patients with ESCC is generally poor, with a median survival of approximately 4 to 9 months and 13% to 25% of patients surviving 2 
years (3,7,8,33). The prognosis is significantly better for those patients with no prior hormone therapy (median survival of 16 to 21 months) ( 3,8). Other favorable 
prognostic factors include a single level of compression and a young age (younger than 65 years) ( 8). One study found that patients with poorly differentiated tumors 
had a worse prognosis (4), but another study could not confirm this association ( 7).

INTRACRANIAL METASTASES

Intracranial metastases occur in less than 5% of patients with prostate cancer ( 52,53,54 and 55). Many of these are asymptomatic and detected only at postmortem 
(52,55). The majority of these intracranial metastases are usually located in the dura, and metastases to the brain parenchyma are relatively uncommon 
(54,55,56,57,58 and 59).

Brain Metastases

Brain metastases occur in fewer than 1% of patients with prostate cancer in most autopsy series ( 54,56,57). These metastases are thought to reach the brain via the 
Batson's plexus or through the systemic circulation. The majority of these metastases are asymptomatic (54). The precise clinical features of symptomatic lesions vary 
depending on their location and include headaches, seizures, and focal neurologic deficits. The management is similar to other brain metastases and includes 
corticosteroids, surgery for single or symptomatic lesions, and whole brain RT ( 60). Radiosurgery may be useful for recurrent metastases. There has also been a 
report of a patient with a brain metastasis who responded to estramustine (61).

Calvarial Metastases



Prostate metastases probably reach the skull vault via Batson's plexus. Calvarial metastases are common and often asymptomatic, although they may occasionally 
cause pain or present as a palpable mass (Fig. 47-2). Less often, they may compress the underlying brain and produce neurologic symptoms. Rarely, calvarial 
metastases may compress the sagittal or lateral sinus (62). This may lead to increased intracranial pressure with headaches and papilledema. Occasionally, the 
sinuses become occluded and venous infarction of the brain results with headaches, seizures, and focal neurologic deficits. There has been a report of a patient with 
prostate cancer and venous sinus thrombosis who subsequently developed dural arteriovenous malformations ( 63).

FIGURE 47-2. Coronal T1-weighted magnetic resonance imaging of brain showing a large calvarial metastasis from prostate cancer.

Asymptomatic calvarial metastases may not require treatment. Symptomatic lesions usually respond to RT. Surgery may occasionally be necessary to remove a large 
lesion, especially if it is compressing the underlying brain.

Dural Metastases

Metastases to the dura usually arise by direct extension from the adjacent skull or hematogenous spread. Carcinoma of the prostate is one of the most common 
causes of dural metastases, together with lung and breast cancer ( 64,65).

Dural metastases may act as a mass lesion, compressing the underlying brain, producing seizures, headaches, and focal neurologic deficits. The adjacent bone may 
or may not be involved. When these metastases are located at the base of the skull, a number of characteristic syndromes can be produced, depending on the 
location of the lesion (66,67).

Jugular Foramen Syndrome

Metastases to the region of the jugular foramen produce a dull constant pain that typically radiates to the occiput or postauricular region or occasionally to one or both 
shoulders. Involvement of the glossopharyngeal nerve may produce a sharp lancinating pain in the throat or ear that may be exacerbated by neck flexion or 
swallowing (glossopharyngeal neuralgia). Rarely, syncope may occur. There may be deficits involving cranial nerves IX to XI.

Clivus Syndrome

Involvement of the clivus produces a headache in the region of the vertex, which is exacerbated by neck flexion. Depending on the location of the metastases, any of 
the cranial nerves that pass through the dura in the region of the clivus (cranial nerves VI to XII) may be affected.

Parasellar and Middle Cranial Nerve Fossa Syndrome

Metastases to the cavernous sinus may produce ipsilateral facial pain in the periorbital or maxillary region. Cranial nerve involvement (III to VI) is common, resulting in 
ophthalmoplegia and facial numbness (Fig. 47-3). Less often there is proptosis and vision loss.

FIGURE 47-3. A: Axial T1-weighted magnetic resonance imaging of the brain with gadolinium showing an irregular enhancing metastasis in the left trigeminal 
ganglion and extending anteriorly into the cavernous sinus. This patient had symptoms of left facial numbness. B: Coronal T1-weighted magnetic resonance imaging 
of the brain with gadolinium showing the same lesion.

Orbital Syndrome

Metastases to the orbit produces pain behind the eye or supraorbital or periorbital pain. The pain is dull and constant and worse with eye movement or when the 
patient lies down. Proptosis, vision loss, and disorders or cranial nerves II, IV, V1, V2, and VI may occur.

Occipital Condyle Syndrome

Metastases to the occipital condyle produces a dull, constant pain in the occipital region exacerbated by neck movements. There may be tenderness to palpation in 
the occiput and neck stiffness. Involvement of the hypoglossal nerve in the hypoglossal canal results in ipsilateral wasting, fasciculations, and tongue weakness. 
Occasionally, sternocleidomastoid weakness may result from XI nerve involvement.

Mental Neuropathy

Metastases to the dura or leptomeninges may partially affect the mandibular division of the trigeminal nerve in the foramen ovale and result in numbness over the 
ipsilateral chin (“numb chin syndrome”). However, this syndrome is more commonly caused by metastases to the jaw involving the mental or inferior alveolar branch of 
the mandibular nerve (68,69). There may be associated pain and swelling, but painless involvement of the mental nerve can also occur. Plain x-rays or bone scans 
may be helpful in making the diagnosis, but often these tests are negative.

MRI is the most sensitive test for detecting dural metastases. Occasionally, bone scans or computed tomography scans with bone windows may help with skull-base 



lesions. Most patients can be treated with corticosteroids and standard external beam radiation therapy ( Fig. 47-4). Surgery is rarely feasible or necessary. For single 
isolated dural metastases, or a tumor that has recurred after standard external beam radiation therapy, stereotactic radiosurgery may have a role. In general, cranial 
neuropathies tend to respond poorly to treatment ( 65,70). Treatment of symptoms within 1 month of onset and higher doses of RT (36 Gy) are associated with slightly 
better outcome (65).

FIGURE 47-4. Axial T1-weighted magnetic resonance imaging of the brain with gadolinium showing a large dural-based metastasis from prostate cancer in the left 
frontal parietal region before (A) and after radiotherapy (B), showing the radiosensitive nature of many of these metastases.

Rarely, dural metastases may cause symptoms by exuding fluid into the subdural space, producing a subdural hematoma or effusion ( 71,72 and 73). Patients may be 
asymptomatic, but, as the fluid or blood collection increases in size, they may experience headaches, lethargy, and focal neurologic deficits. Rarely, patients may 
present acutely as a result of the subdural hematoma ( 72).

The diagnosis of multiple dural metastases in a patient with metastatic prostate cancer is usually straightforward. However, it can be difficult to differentiate 
dural-based metastases from meningiomas if there are only one or two lesions. Dural metastases usually respond to RT, but surgery may be needed for large 
symptomatic lesions or if the diagnosis of meningioma cannot be excluded by neuroimaging.

LEPTOMENINGEAL METASTASES (CARCINOMATOUS MENINGITIS)

Leptomeningeal metastases from prostate cancer are extremely uncommon with only a few reported cases (74,75). The response to treatment is generally poor.

PERIPHERAL NEUROMUSCULAR DISORDERS

Lumbosacral Plexus Lesions

Prostate cancer tends to metastasize to the spine and produce neurologic symptoms in the lower extremities by compressing the cauda equina or the lumbosacral 
nerve roots. Rarely, the tumor will infiltrate the lumbosacral plexus directly, producing pain, weakness, and paresthesias in the legs ( 76).

Peroneal Neuropathies

Prostate cancer patients are at increased risk of developing peroneal neuropathies, characterized by foot drop and numbness over the anterolateral aspect of the shin 
and the dorsum of the foot. This condition results from compression of the common peroneal nerve at the level of the fibular head. Predisposing factors include weight 
loss, prolonged bed rest, leg crossing, and chemotherapy. In general, the prognosis is good and the neuropathy improves in the majority of patients ( 77).

Paraneoplastic Neuromuscular Disorders

Sensory neuronopathy, Lambert-Eaton myasthenic syndrome (LEMS), and inflammatory myopathies may occur in prostate cancer patients as paraneoplastic 
syndromes. These are discussed in Paraneoplastic Syndromes.

CEREBROVASCULAR DISORDERS

Cerebral Infarction

The majority of strokes in patients with prostate cancer are due to atherosclerosis and unrelated to the neoplasm ( 78,79). However, some of these strokes may be 
caused by the hypercoagulable state present in many patients with metastatic prostate cancer. These patients may develop nonbacterial thrombotic endocarditis 
characterized by the formation of platelet fibrin vegetations on heart valves. These vegetations can embolize to cerebral vessels of any size, typically producing focal 
deficits, although occasionally patients may develop an encephalopathy without focal features. Echocardiography sometimes demonstrates the vegetations, but these 
vegetations are usually small and may not be detected. Some of these patients experience concomitant systemic venous or arterial thromboembolic disease. The 
absence of controlled studies makes treatment recommendations problematic. When feasible, treatment directed at the underlying tumor is indicated. Heparin has 
been of anecdotal benefit in this setting ( 80).

Chronic disseminated intravascular coagulation (DIC) may coexist with nonbacterial thrombotic endocarditis or can occur in its absence. Typically, it produces an 
encephalopathy with little in the way of focal findings ( 79). Chronic DIC may be very difficult to diagnose, as the usual hematologic parameters, such as prothrombin 
time, partial thromboplastin time, and platelet count (which are abnormal in acute DIC), are usually normal, although fibrin degradation products and D-dimer should 
be positive. However, these laboratory abnormalities are also frequently present in cancer patients without central nervous system (CNS) complications from DIC. 
Heparin has occasionally been of anecdotal benefit.

Rarely, prostate metastases to the dura will cause venous sinus thrombosis and hemorrhagic infarction of the brain ( 71,72).

Cerebral Hemorrhage

Cerebral hemorrhage is very uncommon in patients with prostate cancer. As discussed earlier, metastases to the dura may result in subdural hematomas ( 71,73). 
Rarely, patients may present after hemorrhage into a cerebral metastasis ( 81). The treatment for dural and parenchymal metastases is RT, but, if the hematoma is 
large, surgical evacuation may be necessary.

PARANEOPLASTIC SYNDROMES

Paraneoplastic syndromes are a group of neurologic disorders occurring in cancer patients that are not caused by the direct effect of the cancer itself or its 
metastases or other nonmetastatic effects of cancer, such as opportunistic infections, side effects of therapy, nutritional, metabolic, or vascular disorders. These 
disorders are rare, affecting fewer than 1% of patients with cancer. Paraneoplastic neurologic disorders are most commonly associated with small cell lung cancer. 
Nonetheless, they occasionally occur in conjunction with prostate cancer and are probably most common in patients with a small cell component ( 82,83 and 84) (Table 
47-1).



TABLE 47-1. PARANEOPLASTIC SYNDROMES ASSOCIATED WITH PROSTATE CANCER

The pathogenesis of most paraneoplastic syndromes is unknown, but there is increasing evidence that an autoimmune process is frequently involved ( 81,82 and 83). 
A number of autoantibodies has been identified that react with tumor and neuronal antigens (onconeural antigens) ( 85). The antibodies directed against tumor 
antigens presumably cross-react with antigens in neurons, resulting in paraneoplastic syndromes. These antibodies may be present in the serum and CSF and may 
help in the diagnosis of these disorders.

Paraneoplastic Encephalomyelitis

One of the most common paraneoplastic syndromes associated with prostate cancer is defined by the presence of an antibody that binds to neuronal nuclei in the 
central and peripheral nervous system. This antibody is variously known as anti-Hu or antineuronal nuclear antibody type 1. Laboratory tests for the presence of this 
antibody are commercially available. Approximately 80% of patients with neurologic symptoms associated with the anti-Hu antibody have small cell lung cancer, but 
2% to 3% have prostate cancer (86,87).

The patient with anti-Hu antibodies may present with varied neurologic symptoms and signs. The most common clinical presentation is a rapidly progressive sensory 
neuronopathy over days to weeks causing paresthesias, numbness, and sensory ataxia. The pathologic concomitant is a dorsal root ganglionitis. However, patients 
may also present with severe amnestic syndromes and seizures characteristic of limbic encephalitis. MR scans in these patients may show mesial temporal lobe 
abnormalities. Patients may present with cerebellar degeneration characterized by rapidly developing ataxia, dysarthria, nystagmus, and oscillopsia. Patients with 
anti-Hu may also develop brainstem signs, myelopathy, constipation, and anterior horn-cell dysfunction, producing neurogenic atrophy. Mixtures of findings are 
common (85,86,88,89). The CSF may show a lymphocytic pleocytosis, mild protein elevation, and oligoclonal bands. The anti-Hu antibody is present in the serum and 
CSF. No therapy specifically directed at the neurologic symptoms is of proven benefit, although various forms of immunosuppression have been tried ( 85,86,88,89).

Two patients have been reported with a unique paraneoplastic syndrome thus far exclusively associated with prostate carcinoma ( 83). These patients developed loss 
of horizontal eye movements, facial and pharyngeal spasms, and mild gait unsteadiness. Although no antineuronal antibodies were detected, both patients had 
evidence of chronic brainstem inflammation on postmortem.

Paraneoplastic Cerebellar Degeneration

Prostate cancer is a rare cause of paraneoplastic cerebellar degeneration ( 82,89,90). In one large series, 3 of 199 cases of cerebellar degeneration were associated 
with prostate cancer (89). Cerebellar degeneration is characterized by a subacute cerebellar syndrome that progresses over weeks or months, resulting in severe 
truncal and appendicular ataxia, dysarthria, and, frequently, down-beating nystagmus, vertigo, and diplopia ( 85,86,88,89). The cerebellar deficits usually stabilize, but 
the patient is frequently severely incapacitated by then. Cerebellar degeneration tends to occur with small cell prostate cancer and may be associated with the anti-Hu 
antibody, as discussed earlier (82). Pathologically, there is loss of Purkinje cells in the cerebellum. The prognosis is generally poor and most patients do not recover 
despite treatment of the prostate cancer or immunosuppressive therapy.

Motor Neuron Disease

There have been rare reports of amyotrophic lateral sclerosis in patients with prostate cancer, but it is likely that these associations are fortuitous ( 91).

Lambert-Eaton Myasthenic Syndrome

LEMS is characterized by weakness and fatigability, especially of proximal muscles in the lower extremities. Muscle aching and limb pain are common. Autonomic 
involvement occurs in 80% of patients (85,88,89) and typically manifests as dry mouth and impotence. Cranial nerve symptoms, such as diplopia, ptosis, and 
dysphagia, are usually mild and transient but may lead to an incorrect diagnosis of myasthenia gravis. On examination, there is usually proximal muscle weakness 
and reduced or absent deep tendon reflexes. With repeated muscle contractions, there may be improvement in muscle strength and potentiation of reflexes ( 89). 
LEMS is typically associated with small cell lung cancer, but it has been reported with adenocarcinoma ( 92) and small cell carcinoma of the prostate (93).

Neurophysiologic studies are helpful in making the diagnosis. Nerve conduction studies show normal conduction velocities but very low amplitude compound muscle 
action potentials (less than 10% of normal). After exercising the muscle for 10 to 15 seconds, the compound muscle action potentials may increase more than 200%. 
Repetitive stimulation produces a decrement at low rates of stimulation (2 to 5 Hz), but at high rates (20 to 50 Hz), a marked increment (200% to 1,000%) may occur 
(89). Electromyography shows variation in the amplitude of voluntary muscle potentials, indicating presynaptic dysfunction ( 89).

LEMS is an autoimmune disorder in which antibodies react with the N and P/Q types of voltage-gated calcium channels (VGCCs) on presynaptic nerve terminals 
(85,89). The beta subunit of the calcium channel and synaptotagmin are thought to be the specific targets of the immune response. It is postulated that the VGCCs 
expressed on tumor cells trigger an antibody response in which immunoglobulin G cross reacts with presynaptic VGCCs ( 85,88,89). Loss of VGCCs leads to reduced 
calcium entry during nerve terminal depolarization and concomitant decrease in neurotransmitter release ( 85,89). The transient beneficial effect of muscle contraction 
is owed to an increase in calcium concentration in the axon terminal, temporarily increasing acetylcholine release ( 85,89). These autoantibodies have been used as a 
diagnostic test for LEMS (85,88,89).

Effective treatment of the tumor usually results in improvement of the condition. Steroids, plasmapheresis, and intravenous gamma globulins have all been reported to 
produce symptomatic improvement in some patients (85,88,89). 3,4-Diaminopyridine, which promotes the release of acetylcholine through its effects on potassium 
channels, is useful in patients with LEMS and may be used alone or in combination with other therapies. Anticholinesterases may also improve muscle strength 
slightly, especially when used with 3,4-diaminopyridine ( 85,88,89).

Polymyositis and Dermatomyositis

Perhaps 10% of cases of inflammatory myopathies, such as dermatomyositis and polymyositis, are associated with systemic cancer. This association appears 
strongest with dermatomyositis and increases with age. There are case reports of dermatomyositis and polymyositis associated with prostate cancer ( 94,95 and 96). 
Patients with dermatomyositis and polymyositis develop proximal muscle weakness, whereas those with dermatomyositis also have characteristic skin changes. 
Serum creatine kinase and aldolase levels are elevated. Electromyography shows characteristic myopathic changes (short-duration, low-amplitude polyphasic units 
on voluntary contraction, increased spontaneous activity with fibrillations, complex repetitive discharges, and positive sharp waves), and muscle biopsy confirms the 
presence of an inflammatory myopathy (97). The muscle disorder responds to conventional immunosuppressive treatment. There have been anecdotal reports of 
improvement after treatment of the underlying tumor.

Paraneoplastic Retinal Degeneration

Paraneoplastic retinal degeneration or cancer-associated retinopathy is usually associated with small cell lung cancer but has been reported with prostate cancer 



(98). These patients have a clinical triad of severe photosensitivity, scotomatous vision loss, and attenuation of retinal arteriole caliber ( 85,88,89). In addition, there 
may be light-induced glare, impaired color vision, night blindness, and bizarre visual obscurations. Pathologically, there is widespread degeneration of 
photoreceptors, loss of nuclei from the outer nuclear layer of the retina, and infiltration of macrophages in the outer layers and retinal pigment epithelium. This 
syndrome is thought to be immune mediated, and autoantibodies recognizing antigens in the retina have been characterized. One antibody to a 23-kd 
cancer-associated retinopathy antigen located within photoreceptors (recoverin) has been used to diagnose this syndrome ( 85,88,89).

NEUROLOGIC COMPLICATIONS OF PROSTATE CANCER THERAPY

Hormonal Therapy

Bicalutamide (Casodex)

Bicalutamide is a nonsteroidal antiandrogen that occasionally causes confusion, somnolence, and nervousness ( 99).

Estramustine (Emcyt)

Estramustine has estrogenic effects on tissues, as well as inhibiting microtubules and producing metaphase arrest. It is often used in combination with vinblastine. 
Estramustine occasionally causes headaches and has been associated with cerebrovascular events ( 100).

Flutamide (Eulexin)

Neurologic symptoms are uncommon with flutamide. Very rarely, patients may complain of drowsiness and confusion ( 99).

Goserelin (Zoladex)

Goserelin is an analogue of luteinizing hormone releasing hormone that inhibits gonadotropin release from the pituitary gland. Neurologic complications are 
uncommon, but, like leuprolide, it can result in bone pain during the first week of therapy in patients as a result of tumor flare. This can be blocked with concurrent use 
of flutamide (99).

Ketoconazole (Nizoral)

Ketoconazole is an antifungal agent that has antiandrogen activity and is occasionally used in patients with prostate cancer. Rarely, it can cause confusion, apathy, 
and confabulation. These symptoms resolve when the medication is withdrawn (101).

Leuprolide Acetate (Lupron)

Neurologic complications are uncommon with leuprolide, a gonadotropin-releasing hormone analogue, but it can cause headaches, dizziness, and paresthesias. It 
can also produce bone pain during the first weak of treatment as a result of tumor flare ( 99).

Pamidronate (Aredia)

Pamidronate is a biphosphate used to treat hypercalcemia and bony metastases. Approximately 2% of patients experience insomnia, sleepiness, or abnormal vision 
(99).

Chemotherapy

Carboplatin

Unlike cisplatin, peripheral neuropathy and CNS toxicity occur only rarely at conventional doses with carboplatin. However, a severe neuropathy can develop after 
high-dose carboplatin (102).

Cisplatin

The main neurologic complication of cisplatin is an axonal neuropathy affecting predominantly large myelinated sensory fibers ( 100,102,103). The primary site of 
damage is the dorsal root ganglion, but the peripheral nerve may also be affected. The neuropathy is characterized by subacute development of numbness; 
paresthesias; and, occasionally, pain in the extremities. Proprioception is impaired and reflexes are lost, but pin prick, temperature sensation, and power are often 
spared. Nerve conduction studies show decreased amplitude of sensory action potentials and prolonged sensory latencies compatible with a sensory axonopathy. 
Sural nerve biopsy shows demyelination and axonal loss. Typically, neuropathies develop in patients after cumulative doses of cisplatin greater than 400 mg per m 2 
(100,102,104), although there is marked individual variability. Patients with mild neuropathies can continue to receive full doses of cisplatin, but those with more 
severe neuropathies may require dose reduction or discontinuation of the drug. After cessation of chemotherapy, the neuropathy continues to deteriorate for several 
months in 30% of patients (105). Most patients eventually improve, although the recovery is often incomplete. There is no effective treatment for cisplatin 
neurotoxicity, although agents, such as amifostine ( 106) and the adrenocorticotropic hormone (4,5,6,7,8 and 9) analogue Org 2766 (107), provide partial protection.

Cisplatin may cause ototoxicity, leading to high-frequency sensorineural hearing loss and tinnitus or a vestibulopathy, resulting in ataxia and vertigo. Rare neurologic 
complications associated with cisplatin include Lhermitte's sign (paresthesias in the back and extremities with neck flexion due to transient demyelination of the cord), 
autonomic neuropathy, encephalopathy, seizures, and stroke (100,102).

Etoposide

Etoposide is a topoisomerase II inhibitor used occasionally for prostate cancer in combination with other drugs. It generally has little neurotoxicity, even in high doses. 
Rarely, it can cause a peripheral neuropathy, mild disorientation, seizures, transient cortical blindness, and optic neuritis ( 108).

5-Fluorouracil

5-Fluorouracil is a fluorinated pyrimidine that disrupts DNA synthesis by inhibiting thymidylate synthetase. An acute cerebellar syndrome occurs in approximately 5% 
of patients (100,108). This usually begins weeks or months after treatment and is characterized by the acute onset of ataxia, dysmetria, dysarthria, and nystagmus. 
The drug should be discontinued in any patient who develops a cerebellar syndrome, and, with time, these symptoms usually resolve completely. Rarely, 
5-fluorouracil may cause encephalopathies, optic neuropathies, eye movement abnormalities, focal dystonias, cerebrovascular disorders, parkinsonian syndromes, or 
peripheral neuropathies ( 100,102).

Suramin

Suramin inhibits the binding of a number of growth factors to their receptors, including platelet-derived growth factor, basic fibroblast growth factor, and transforming 
growth factor beta. It also inhibits DNA polymerases and glycosaminoglycan catabolism. Suramin causes a severe peripheral neuropathy in 10% of patients ( 109). 
There are two patterns of neuropathy, an inflammatory demyelinating neuropathy resembling Guillain-Barré syndrome clinically, which may improve after the drug is 
discontinued, and a distal axonal sensorimotor polyneuropathy ( 110). Because the development of neuropathy correlates with blood levels of suramin, it can be 
prevented by monitoring blood levels of the drug (serious complications are uncommon at plasma levels less than 350 µg per mL) ( 102).



Taxanes: Paclitaxel (Taxol) and Taxotere (Docetaxel)

The taxanes, paclitaxel and taxotere, are plant alkaloids that inhibit microtubule function, leading to mitotic arrest ( 100,103). Paclitaxel produces a dose-limiting 
peripheral neuropathy, which occurs in 60% of patients receiving 250 mg per m 2 (111). The neuropathy is predominantly sensory and affects large and small fibers. 
Symptoms usually begin after 1 to 3 weeks of treatment. Patients develop burning paresthesias of the hands and feet and loss of reflexes. The neuropathy often does 
not progress despite continued treatment, and there have even been reports of patients improving with continuing therapy. Some patients develop arthralgias and 
myalgias beginning 2 to 3 days after a course of paclitaxel and lasting 2 to 4 days. Less commonly, paclitaxel can result in motor neuropathies that predominantly 
affect proximal muscles, perioral numbness, and autonomic neuropathies ( 102,103,112). Rarely, paclitaxel causes seizures or transient encephalopathies ( 102,103). 
Neuropathies are less common with taxotere but some patients develop sensory and motor neuropathies similar to paclitaxel ( 112,113).

Vinca Alkaloids

The main toxicity of vinca alkaloids is an axonal neuropathy resulting from disruption of the microtubules within axons and interference with axonal transport ( 103). 
The neuropathy involves sensory and motor fibers, although small sensory fibers are especially affected. Virtually all patients have some degree of neuropathy, which 
is the dose-limiting toxicity. The earliest symptoms are usually paresthesias in the fingertips and feet and muscle cramps. These symptoms may occur after several 
weeks of treatment or even after the drug has been discontinued and progress for several months before improving. Initially, objective sensory findings tend to be mild 
compared to the symptoms, but loss of ankle jerks is common. Occasionally, there may be profound weakness, with bilateral foot drop and wrist drop and loss of all 
sensory modalities. Severe neuropathies are particularly likely to develop in older patients who are cachectic, patients who have received prior radiation to the 
peripheral nerves, and those who have preexisting neurologic conditions, such as Charcot-Marie-Tooth disease ( 114). Patients with mild neuropathies can receive full 
doses of the drugs, but when the neuropathies interfere with neurologic function, reduction in dose or discontinuation of the drug may be necessary. Neurophysiologic 
studies show a primarily axonal neuropathy ( 102). Although there are anecdotal reports that glutamine may help some patients with vincristine neuropathy, there is 
generally no effective treatment (108).

Autonomic neuropathy is common in patients receiving vinca alkaloids. Colicky abdominal pain and constipation occur in almost 50% of patients and, rarely, paralytic 
ileus results. Because of this, patients should take prophylactic stool softeners and laxatives. Less commonly, patients may develop impotence, postural hypotension, 
and atonic bladders. Rarely, focal neuropathies and cranial neuropathies can occur ( 102,108). Other rare CNS complications include the syndrome of inappropriate 
secretion of antidiuretic hormone, seizures, encephalopathy, transient cortical blindness, ataxia, athetosis, and parkinsonism ( 100,102,108).

The vinca alkaloids vinblastine and vinorelbine, which are used most frequently in patients with prostate cancer, tend to have less neurotoxicity than vincristine.

Other Chemotherapeutic Agents

Other chemotherapeutic agents that may be used in patients with hormone-refractory prostate cancer, such as mitoxantrone and doxorubicin, have negligible 
neurotoxicity. Methotrexate is often associated with neurologic complications when administered intrathecally or at high doses, but the doses of intravenous 
methotrexate used in treatment regimens for prostate cancer usually have few neurologic complications.

Radiation Therapy

External beam radiation therapy for prostate cancer is frequently associated with bowel and genitourinary complications, including a high incidence of impotence, but 
more extensive injury to the lumbosacral plexus is extremely uncommon (115). Rarely, radiation therapy for epidural spinal cord compression may result in radiation 
myelopathy (10).
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INTRODUCTION

Prostate cancer is the most common diagnosed internal cancer and has the second highest number of cancer-related deaths in men, with more than 200,000 new 
diagnoses of prostate cancer in the United States and nearly 40,000 deaths anticipated in 1998 ( 1,2). There are several potential orthopedic consequences of 
metastatic prostate cancer, including skeletal pain, spinal cord compression, and impending or pathologic fracture. With a one in six lifetime incidence for men to be 
diagnosed with prostate cancer, the orthopedic management of metastatic prostate cancer is a frequent medical and surgical challenge ( 3). The goal of this chapter is 
to discuss the musculoskeletal implications and management of metastatic prostate cancer to bone.

Each year in the United States approximately 1.2 million new cases of cancer are diagnosed ( 2). Of this, only a fraction of 1%, roughly 2,000 cases, are primary bone 
sarcomas. In comparison, each year more than 600,000 bone metastases are diagnosed (2). The majority of skeletal metastases, up to 85%, are metastases from 
breast, lung, and prostate cancer (4). Bone is the third most frequent organ for metastatic carcinoma spread after the lung and liver. At the time of death, it is 
estimated that more than 50% of individuals with breast, lung, and prostate cancer will have skeletal metastases ( 2). Impending or pathologic fractures account for the 
majority of orthopedic procedures in patients with skeletal metastases ( 5).

The treatment goals for patients with prostatic skeletal metastases are to improve pain, control local tumor growth, and preserve or restore skeletal stability and 
clinical function. The goal is not to cure the patient of cancer. These goals are realized in controlling the foci of metastases and therefore reducing skeletal pain; 
preventing spinal cord compromise; and preventing, delaying, or prophylactically stabilizing impending pathologic fractures before they become orthopedic 
emergencies. In the event of spinal cord impingement or pathologic fracture, the goals become preservation of neurologic and ambulatory status in addition to pain 
control.

It is well known that prostate cancer has a predilection for skeletal metastases. In 1854, Thompson reported a case of paraplegia secondary to metastatic prostate 
cancer (6). Since then, the medical literature has documented the difficulties in managing osseous metastases from prostate cancer.

Over the past century, there have been significant medical and surgical advances in the management of skeletal metastases. In 1905, after reviewing more than 15 
years of literature, Grunert wrote, “union of (pathologic fracture) fragments can never occur” ( 7). The espoused view was that pathologic fractures were untreatable 
and synonymous with terminal complications. Thirty years later, in the 1930s, this view began to change. However, standard treatment then included amputation, 
immobilization with traction, bracing or casting, and radiation ( 8). By the 1950s, surgical use of allografts and internal fixation was increasing ( 9). In the mid-1970s, 
favorable results were reported with methylmethacrylate augmentation of internal fixation ( 5). Over the past decade, improved internal fixation devices and modular 
arthroplasty prostheses have become increasingly available. In the past 60 years, several medical advancements have been made. These include hormonal therapy, 
chemotherapy, bisphosphonate treatment, radiation therapy, and systemic radionuclide administration. Overall, increased aggressiveness and capacity to manage 
metastatic prostate cancer has improved life expectancy and function while reducing pain ( 10,11 and 12).

EPIDEMIOLOGY

By definition, metastatic prostate cancer is considered stage M1 disease by the tumor-node-metastasis staging classification ( 13). The lymph nodes are the most 
frequent site of metastatic disease for prostate cancer followed by skeletal metastases ( 14). Metastases to the lungs, liver, pleura, and adrenals follow in descending 
frequency behind lymph node and skeletal metastases (15). Skeletal complaints secondary to metastases may be the initial presentation of prostate cancer in 10% to 
20% of patients (4).

The pattern of skeletal metastases can vary considerably from an isolated axial or appendicular site to multiple regional areas or diffuse dissemination. The 
distribution of skeletal metastases within these sites can also vary. For example, spinal metastases rarely involve the transverse and spinous processes or the 
posterior arch and are typically concentrated in the vertebral bodies. Another example is found in the skull, in which metastatic lesions predominate in the calvaria as 
opposed to the mandible (16).

The likelihood of skeletal metastases from prostate cancer is dependent on the time of diagnosis and method of diagnosis. The frequency of skeletal metastases on 
being first diagnosed with prostate cancer ranges from 8% to 62% (4,17). Greater numbers of patients will eventually develop skeletal metastases, even after initial 
treatment. The sites with the greatest frequency of skeletal metastases determined by bone scan on initial diagnosis of prostate cancer are spine, pelvis, rib cage, 
skull, femur, shoulder, humerus, distal leg, and arm ( 18,19 and 20).

The frequency of skeletal metastases by the time of death increases dramatically. Autopsy evaluations have shown rates of osseous metastatic involvement ranging 
from 58% to 90% (15,21,22,23 and 24). The order of frequency for skeletal metastases also changes slightly with autopsy evaluation. The sites of greatest frequency 
include spine, femur, pelvis, ribs, sternum, skull, and humerus ( 25). Of interest, radiographic evidence of skeletal metastases at the time of death from metastatic 
prostate cancer was generally less than autopsy evaluation, with only 30% to 77% of patients having plain radiographic evidence of metastases ( 26,27).

Although the prevalence of prostate cancer is high and the occurrence of skeletal metastases is common, the frequency of orthopedic complaints varies. The 
frequency of impending or pathologic fractures appears to be only 3% to 4% of all impending or pathologic fractures ( 28,29). This is less than one-tenth of the number 
of pathologic fractures caused by breast cancer (29,30). The difference is believed to be secondary to prostate cancer primarily forming blastic and not lytic skeletal 
lesions. The frequency of neurologic deficits from spinal cord or nerve root compression is roughly 5% in patients with diffuse metastatic cancer ( 31). With spinal 
metastases, only a minority will eventually require surgical intervention. Although not specific to prostate cancer, the complaint of pain is present in nearly 80% of 
patients diagnosed with cancer (32).

The outcome of prostate cancer is determined primarily by the metastatic load ( 33,34). Although skeletal involvement is staged as M1, not all patients with skeletal 
metastases have equivalent life expectancies. The life expectancy of patients with a lower metastatic tumor load, such as an isolated thoracic vertebra or pelvis 



metastasis (median survival of 1,250 or 1,570 days, respectively), is significantly greater compared to patients with higher metastatic loads, such as in diffuse disease 
or metastases in distal sites (median survival 675 days or less) ( 19).

Once diagnosed with skeletal metastases, the average life expectancy is 30 to 35 months. ( 35). However, in 20% of patients with prostatic metastases, survival has 
averaged beyond 60 months in two study groups (36,37). The median survival after prostate cancer becomes hormonally refractive is approximately 1 year ( 38). 
Although not exclusive to prostate cancer, the life expectancies after sustaining a pathologic fracture are 40% survival at 6 months and 30% at 1 year ( 39).

BIOLOGY OF METASTATIC SPREAD

Several theories have been proposed to explain why and where metastatic foci are established. Ewing proposed a mechanical phenomenon of filtration related to 
vascular anatomy and hemodynamic factors (40). Paget's hypothesis, often referred to as the “seed and soil” theory, focuses on multifactorial host and cell factor 
interactions that determine nonrandom sites of metastatic survival from randomly distributed tumor emboli ( 41). Further “soil” support for a site-specific metastatic 
survival pattern came from Baston. He described a valveless paravertebral venous plexus and demonstrated connection with prostate veins ( 42). Through this 
network of veins, he and others hypothesize that prostate cancer cells could metastasize to the axial skeleton without entering the inferior vena cava or pelvic veins 
and, therefore, bypass the liver and lungs (18). Once established, a vicious cycle begins, in which metastases produce factors that facilitate growth and future skeletal 
metastases (43).

The mechanism of bony destruction by cancer metastases has been extensively studied. The determinant between lytic, sclerotic, and mixed radiographic 
appearances of skeletal metastases is in the balance between bone destruction by osteoclasts and bone production by osteoblasts. Some tumor metastases increase 
osteoclast bone-binding capacity and increase osteoclast formation and activity ( 44). Although prostate cancer primarily produces sclerotic metastases, there is 
evidence that microscopic lytic lesions may be required before the formation of blastic lesions ( 45,46).

RECURRENCE RISK

A critical issue for a patient diagnosed with prostate cancer is the rate of recurrence after treatment. Identification of patients at greatest risk for recurrence may assist 
early diagnosis of skeletal metastases and lessen potential musculoskeletal complications.

The risk of treatment failure after radical prostatectomy is related to the biologic aggressiveness of the tumor. Treatment failure is defined by increasing serum 
prostate-specific antigen (PSA) levels or clinical evidence of recurrence. Preoperative and postoperative nomograms have helped to identify patients at increased 
risk. Preoperative nomograms, frequently called Partin tables, include clinical stage of cancer, Gleason grade, and serum PSA level ( 47). Postradical prostatectomy 
nomograms have increased accuracy and include preoperative serum PSA level, Gleason sum, spread beyond the prostate into the seminal vesicles and lymph 
nodes, and the size of the largest nodal metastasis ( 48,49). In pre- and postoperative nomograms, higher values and more distant spread correlate with increased risk 
of recurrence. Recurrence beyond 7 years after radical prostatectomy is rare ( 49).

There are several markers that may reflect metastatic spread of prostate cancer. Some are not specific enough and others are not readily available for physicians to 
routinely follow. These include serum alkaline phosphates; serum acid phosphatase; osteoblastic markers, such as bone 4-carboxyglutamic acid protein and 
procollagen-I carboxyterminal peptide; biomarkers p27, p53, bcl-2, and Ki-67; and increased apoptotic index ( 50,51,52,53 and 54).

EVALUATION

The evaluation of all patients with metastatic disease begins with a thorough history and physical examination. Skeletal pain is often the harbinger for skeletal 
metastases and is the most common clinical complaint of osseous spread (55). In the patient interview, the clinician must identify prior history of any cancer, risk 
factors for cancer, and any constitutional symptoms, such as fatigue, a decrease in activity level, or unexplained weight loss.

The characterization of skeletal pain is an important feature of the history. The presentation can vary from mild discomfort to sharp, severe, intermittent, or constant 
pain. Increasing pain and weight-bearing pain may reflect an impending pathologic fracture, whereas constant pain may be evidence of a pathologic fracture. 
Constant, increasing, and night pain may also represent infection. With the complaint of skeletal pain, further evaluation is frequently delayed, because pain is often 
attributed to osteoarthritis or other benign conditions.

Patients with skeletal metastases from prostate cancer typically have one of three presentations. A large segment of patients have a known diagnosis of prostate 
cancer with a bone scan suggestive of skeletal metastases. Patients may or may not have skeletal complaints. Another common presentation is skeletal pain with 
abnormal plain radiographs, concerning for metastatic disease with or without a diagnosis of prostate cancer. A third presentation includes patients seen in the 
emergency room with a pathologic fracture or spinal cord compression. They also may or may not have a diagnosis of prostate cancer.

The details of each presentation are important. For example, it is helpful for the clinician to know that, in patients with prostate cancer, 85% with skeletal metastases 
at the time of initial diagnosis have serum PSA levels of 20 or greater ( 56). Skeletal metastases are rare (less than 3%) in patients with prostate cancer and a positive 
bone scan when their PSA level is 8 ng per mL or lower ( 57). Also, it is important to know that not all positive bone scans reflect skeletal metastases. Forty-five 
percent of bone scans in patients with a known primary cancer may be false positives ( 58).

Patients with skeletal pain and abnormal plain films are often referred to orthopedic surgeons for impending fracture evaluation. Frequently, a workup has been 
initiated to identify a primary source, supposing the lesion to be metastatic foci if the patient is more than 40 years old. The primary cancer may be identified nearly 
80% of the time through a complete history, physical examination, and imaging with a chest x-ray, a chest computed tomography (CT) when indicated, abdominal and 
pelvis CT, and bone scan (59). The standard workup for patients with metastatic disease at our institution includes a chest x-ray, CT of the chest, abdomen and 
pelvis, and a bone scan in addition to the appropriate labs (we order a complete blood count, serum alkaline phosphatase, phosphorous, calcium, erythrocyte 
sedimentation rate, urine and serum immunoelectrophoresis, thyroid screen, blood urea nitrogen, and liver function tests). Even with a known diagnosis of prostate 
cancer, the isolated complaint of skeletal pain does not mandate the presence of skeletal metastases. More than one-third of patients with prostate cancer has bone 
pain without osseous metastases (60). It is also important to know that plain radiographs have high false-negative rates. X-ray findings can lag behind bone scan 
identification of metastatic spread by up to 18 months (61). Owing to the high false-negative rates of plain films, patients with skeletal complaints are often not referred 
for evaluation or do not receive a bone scan.

The history of patients presenting with spinal cord compromise is critical and directly correlates with outcome. With the acute onset of motor deficits, defined by a 
clinical course of less than 48 hours between onset and maximum deficit, the prognosis is significantly worse, compared with slowly evolving deficits ( 62). Frequently, 
radicular symptoms are present before the development of cord compression ( 63).

IMAGING

Several imaging modalities may be used in the workup of metastatic cancer. They include plain radiographs, bone scan, CT, magnetic resonance imaging (MRI), and 
positron emission tomography (PET).

Routine plain radiographs are the most readily attainable imaging study for skeletal complaints. As an initial screening study, they provide important information when 
abnormalities are detected. Appreciation of location, size, and type (lytic, blastic, or mixed) of lesion can be made from plain radiographs. It is essential to obtain 
radiographs of the entire length of the bone under investigation to avoid missing skip lesions.

Metastatic prostate cancer is suggested when plain radiographs demonstrate sclerotic skeletal lesions in a patient with a known diagnosis of prostate cancer with a 
rising serum PSA level (Fig. 48-1). Although unusual, some benign conditions, such as osteoarthritis, trauma, Paget's disease, or even metastatic foci from different 
undiagnosed cancers, may be confused with metastatic prostate lesions.



FIGURE 48-1. X-ray of pelvis and hips displaying extensive sclerotic lesions consistent with widespread prostatic disease.

Even with metastatic skeletal pain, plain radiographs often have little or no detectable abnormalities. Although radiographically visible lesions direct the diagnosis, the 
absence of identifiable lesions does not exclude metastatic disease. More than 20% of patients that are considered to have no skeletal metastases by plain 
radiographic evaluation are found to have metastases by bone scan ( 64). Plain radiographs are notoriously poor in identifying skeletal metastases. For example, on 
an anteroposterior and lateral radiograph of the spine, 50% to 60% of cancellous destruction may be necessary before lesion identification ( 65). For long bones, more 
than half of the medullary canal needs to be destroyed before radiographic identification ( 65). In cases in which patients with prostate cancer continue to have pain, a 
bone scan and CT or MRI are indicated.

More than 90% of skeletal metastases from prostate cancer are blastic or sclerotic, appearing on plain radiographs ( 66). Other lesions may be lytic or mixed in 
appearance. Outside of their opaque radiographic appearance, the presentation may mirror any metastatic cancer foci. For example, in the spine there are two gross 
radiographic appearances of metastatic carcinoma: anterior compression fracture with resultant kyphosis or a uniform vertebral collapse with destruction of the 
posterior column and evidence of focal instability ( 31). In addition to the cancellous bony destruction of vertebral bodies, other findings of metastatic prostate cancer 
to the spine include the disappearance of pedicles, obscuring of trabecular margins, and ossification of the anterior longitudinal ligament or vertebral body (ivory 
body).

Technetium bone scans provide valuable information in the workup. Active areas on the bone scan reflect osteoblastic activity and may suggest sites of skeletal 
metastases. Solitary lesions on the bone scan may also represent a primary bone tumor (sarcoma, lymphoma, or plasmacytoma). There is approximately an 8% 
false-negative rate with bone scans from metastases that do not cause an osteoblastic response ( 67).

Imaging with CT helps to further clarify the size and location of lesions. In the future, it is hoped that CT quantification of lesion size will better help to assess fracture 
risk. CTs are also particularly helpful in understanding complex lesions or fracture patterns such as those found in acetabular or spinal metastases.

The use of MRI has increased over the past several years and is the imaging study of choice in spinal metastases. MRI is particularly helpful in identifying cord and 
root compression and metastatic margins from the extent of marrow involvement. Often, the treatment of prostate cancer renders bone vulnerable to osteopenic 
fractures or osteomyelitis from long-term hormonal therapy or chemotherapy-induced neutropenia. MRI assists in identifying nonmalignant compression fractures and 
osteomyelitis from metastatic disease (31).

PET is a nuclear medicine technique that provides improved spatial resolution, decreased scatter, and superior quantification, leading to increased sensitivity and 
specificity over traditional bone scans. The future use of PET is promising, but the parameters for using this technology in evaluating skeletal metastases are still 
being defined (68).

BIOPSY

It is normal to presume that patients with known prostate cancer who present with skeletal pain and abnormal imaging studies have metastatic prostate disease. Yet it 
is not uncommon for patients to have a primary bone sarcoma or metastatic disease from a previously undiagnosed second cancer. Regardless of a previous 
diagnosis of prostate cancer, an isolated lesion requires a thorough workup with a tissue diagnosis before definitive treatment with stabilization. Fine-needle 
aspiration (FNA) and core needle biopsies represent the two types of closed tissue biopsies. FNA has proved to be reliable in diagnosing metastatic tumors but has 
poor accuracy (as low as 54%) in diagnosing primary malignant bone tumors ( 69,70). Core needle biopsies are different from FNA biopsies in that they use a 
trocar-cannula apparatus to extract a core of tissue, which helps to preserve the tissue architecture. The reported diagnostic accuracy of core biopsies is 76% to 96% 
(71,72). Open biopsies offer slightly higher accuracy rates at the expense of time, cost, and convenience ( 73). At our institution, our initial biopsy is a core needle 
biopsy with ultrasound or CT guidance, if necessary. If the specimen is nondiagnostic, then we repeat a core needle biopsy or perform an open biopsy. Internal 
fixation or reconstruction is only performed after the pathologic diagnosis has been verified. Owing to the significant increase in biopsy complications when performed 
by referring hospitals, the Musculoskeletal Tumor Society in 1982 recommended that treating institutions should perform biopsies whenever possible ( 74).

FRACTURE RISK EVALUATION

In skeletal metastases, the dilemma is over which lesions to observe, irradiate, or prophylactically stabilize. Several frequently referenced recommendations for 
prophylactic stabilization, including the complaint of increasing skeletal pain and the findings of cortical defects more than 2.5 cm and lesions with 50% or greater 
cortical destruction, were first suggested in the early 1970s ( 75,76,77 and 78). Other criteria such as location around the lesser trochanter or failure of radiation 
therapy treatment have been included in the criteria for lesions at risk for fracture ( 5). Although these recommendations are helpful, it has been suggested that there 
is no reliable relationship between lesion size, pattern, or degree of pain and the risk of fracture ( 79,80 and 81).

In 1989, Mirels presented a scoring system for assessing pathologic fractures of long bones ( 82). Four findings are assessed, including the location of the lesions (1 
point, upper extremity; 2 points, lower extremity; or 3 points, peritrochanteric), degree of pain (1 point, mild; 2 points, moderate; or 3 points, severe), type of lesion (1 
point, blastic; 2 points, mixed; or 3 points, lytic), and size (the shaft diameter proportion: 1 point, less than 1/3; 2 points, 1/3 to 2/3; or 3 points, greater than 2/3). A 
maximum score of 12 results from the combination of a lytic, peritrochanteric lesion with severe pain involving more than 2/3 of the shaft diameter proportion. It is 
suggested that combined scores greater than or equal to nine have a high risk (33%) for future fracture and merit prophylactic stabilization.

However, despite the simplicity of the Mirels scoring system and its small interobserver error rate, greater prediction accuracy and lower reliance on the scoring 
system is found among experienced physicians (83). Even with improved imaging technology, the inaccuracy of evaluating impending pathologic fractures remains. 
Three orthopedic oncology surgeons had only modest agreement in judging lesion size from plain radiographs and CTs ( 84). Within this group, there was no 
relationship between actual femoral load-bearing capacity and their estimates.

Although the standard assessment of impending fractures relies primarily on geometric measurements, the mechanical behavior—that is, its rigidity—depends on the 
material itself, in addition to its geometric properties. Recently, Whealan et al. have shown noninvasive measurements of structural rigidity from composite beam 
theory analysis and quantitative CT to correlate well with measured yield loads ( 81). Identification of a 35% loss of bending rigidity with this technique has provided 
the highest specificity and sensitivity criteria (94% and 100%, respectively) for predicting pathologic fractures to date ( 85). Although the study predicted fractures of 
benign pediatric tumors, the principles are applicable to metastatic lesions, with a study presently under way for predicting fractures in skeletal metastases (B. D. 
Snyder, personal communication, 2001).

MEDICAL MANAGEMENT

It is important for physicians to tailor treatment through understanding the patient's cancer stage, desires and expectations, and the potential for treatment 
complications. The well-known relationship between age and prevalence of prostate cancer biases the treatment population toward additional medical issues and 



reinforces the importance of communication between the treating specialties (medicine, oncology, physiatry, urology, radiation oncology, and orthopedics).

Not all patients with prostate-contained cancer require radical prostatectomy. A select group of patients older than 65 years of age with stage T1c disease may be 
conservatively managed. The identified criteria for “watchful waiting” includes PSA density (serum PSA divided by prostate size by ultrasound determination), 0.15 mg 
per mL per g or less, Gleason score of 6 or less, less than or equal to two biopsy cores with cancer, and maximum 50% biopsy core involvement with cancer ( 86). In 
this group, conservative management is defined by yearly prostate biopsies and twice-yearly digital rectal examinations and serum PSA testing.

For the majority of patients with prostate-contained cancer, the recommended treatment is a prostatectomy. Yet, roughly 50% of prostatectomy pathology specimens 
have disease extending beyond the prostate (87). Although hormonal therapy remains the keystone treatment for metastatic spread, several other medical modalities, 
including chemotherapy, bisphosphonates, irradiation, and radioisotopes, may also be used. As with many pain-producing conditions, analgesics are also frequently 
prescribed. First-line treatment typically begins with nonsteroidal antiinflammatory drugs with progression to opioid analgesics when pain increases.

It has been nearly 60 years since Huggins and Hodges published their Nobel Prize–winning research on the influence of testosterone on metastatic prostate cancer 
(88). Early hormonal therapy in metastatic prostate cancer has reduced the frequency and severity of ureteral obstruction, spinal cord compression, pathologic 
fractures, and extraskeletal metastases (12). Yet, patients receiving long-term hormonal therapy are more likely to have an osteoporotic fracture than a malignant 
fracture (89). Hormonal treatment remains beneficial once skeletal metastases are identified. Forty percent to 70% of patients with metastases report reduction in pain 
and improved ambulation with hormonal treatment (90). Potential complications from hormonal therapy include impotence and decreased libido, decreased bone 
density, feminization, hot flashes, decrease in energy, osteoporosis, and osteoporotic fractures.

Long-term treatment of prostate cancer treated with hormonal therapy eventually induces hormonal resistance. Elevating serum PSA levels while on hormonal therapy 
signals resistance. When prostate cancer becomes hormone resistant, various chemotherapy regimens may be used. The principal guiding chemotherapy is based on 
chemotactic agents acting on dividing cells. It has been estimated that only 2% to 3% of prostate cancer cells are dividing at any one time ( 91). Although agents may 
have some early efficacy, they have not significantly increased survival ( 86). Agents used individually or in combination include suramin, doxorubicin (Adriamycin), 
paclitaxel (Taxol), liarozole, and estramustine. Potential complications from the treatment with chemotherapy agents include cytopenia, neurotoxicity, skin rashes, 
nausea, and vomiting.

Bisphosphonates are increasingly being used in the treatment of skeletal metastases. Bisphosphonates are synthetic derivatives of naturally occurring 
pyrophosphates that are preferentially absorbed by the skeleton and reduce bone resorption. Treatment with bisphosphonates in breast cancer and multiple myeloma 
patients has significantly reduced the development of skeletal complications ( 92). Bisphosphonates are also effective in treating tumor-induced hypercalcemia ( 93). 
There are relatively few prostate cancer studies with bisphosphonates, compared to the use of bisphosphonates with lytic lesion–producing cancers. In spite of this, 
some studies suggest clinical benefits from bisphosphonates in treating prostatic skeletal metastases. One of the earliest studies with intravenous clodronate and its 
role in decreasing skeletal pain was ethically stopped early, owing to significant pain improvements compared to placebo ( 94). An in vivo study has shown that 
bisphosphonates may help prevent prostate cancer metastatic adhesions to bone and, therefore, reduce the number of bony metastases ( 95,96). Charhon et al. have 
shown that bone resorption before osteoblastic bone formation may be necessary. This finding would further anticipate clinical benefits from bisphosphonate therapy 
(97). The common side effects of bisphosphonate treatment are nausea and vomiting.

External beam radiation therapy is typically reserved for symptomatic skeletal metastases. Significant pain relief is consistently found in 80% or greater of patients 
after radiation treatment (98). It is important to differentiate whether the painful skeletal lesion is an isolated metastasis or a site of diffuse metastases. Patients with 
painful regional disease may receive wide-field irradiation but usually have poorer and shorter relief rates ( 99). After radiation therapy, radiographic evidence of 
healing is typically present by 3 to 4 months, with near normal bone imaging frequently restored by 6 months ( 100). If surgical stabilization is not needed, then it is 
important to consider protecting a patient's weight-bearing status in lower extremity lesions during the initial period of bony resorption and healing. If operative 
intervention is required, then postoperative radiation is required to prevent tumor growth, which would jeopardize stabilization. Potential side effects from radiation 
therapy include nausea, vomiting, skin irritation, and bone marrow suppression.

Radioactive isotopes are able to systemically deliver radiation to multiple osteoblastic lesions with a single injection. Studies with phosphorus-32, strontium-89, and 
samarium-153 reduced pain in 60% to 75% of patients ( 101,102,103 and 104). Pain relief typically begins within weeks and lasts for months. Unlike external beam 
radiation, radionuclide therapy can be given multiple times due to its low toxicity to surrounding healthy tissue and bone. Potential complications include pain 
exacerbation before pain relief, nausea, vomiting, and transient bone marrow suppression.

Early medical treatment of metastatic prostate cancer helps to prevent or delay complications. Frequently, after patients with metastatic disease are identified, 
consultation is made for treatment recommendations. After reviewing the patient's history and imaging studies, if the concern for a pathologic fracture is low, then 
irradiation, initiation, or continuation of hormonal therapy and possible treatment with bisphosphonates or radioisotopes should be considered. With many lesions, 
early treatment is able to delay operative intervention. With spine lesions, the majority does not progress to neurologic deficits or instability and are able to be treated 
with irradiation and bracing. Even pathologic compression fractures without neurologic deficits can be approached nonoperatively with rest and bracing. In 
Harrington's experience, nearly 80% of patients with spinal metastases are nonoperatively managed ( 63,105).

SURGICAL MANAGEMENT

Until future research provides an accurate, easily reproducible model to predict the risk of pathologic fracture, the decision to surgically intervene on “impending 
fractures” will remain more of an art rather than a science. Lesion size, location, type, and response to prior treatment, along with degree of pain, are only a part of the 
guiding criteria a surgeon should consider. Even with pathologic fractures, two principles must guide the decision process. First is patient selection. Life expectancy 
should be greater than the convalescent period from surgery to have the adequate benefits of improved function, pain, and ease of care ( 106,107). This varies for 
different operations. Load-sharing fixation devices, such as intramedullary rods for long bone stabilization, result in shorter recovery than a large megaprosthesis with 
a complex acetabular reconstruction or multilevel anterior and posterior spine stabilization. Relative contraindications to surgery include medically unstable patients 
and those with life expectancies less than a month (63). Good to excellent pain relief and regaining the ability to walk have been 90% or higher in patients after 
surgical stabilization with arthroplasty or internal fixation ( 5,28).

The second surgical principle after patient selection is the choice of surgical fixation. Hopes for a rapid postoperative recovery are dependent on immediate operative 
stabilization. The goal after surgery must be immediate full-weight bearing. With limited life expectancies, multiple surgeries are not acceptable and carry increased 
risk of complications. The fixation must be stable, because the mechanical demands across a joint are high even with normal activities. This is in addition to working 
with a population of patients whose healing process is slower ( 108,109). Methylmethacrylate assists immediate stabilization and has the benefit of not being 
negatively affected by radiation ( 110). Another surgical decision caveat is consideration of future disease spread. This would make a load-sharing device, such as a 
long-stemmed prosthesis or intramedullary rod, a more attractive choice over a load-sparing internal fixation device, such as a dynamic hip screw and side plate. 
Disease recurrence or local spread could lead to failure of the load-sharing device ( 111). However, load-sharing devices may be difficult to use if the medullary canal 
is obliterated by osteoblastic lesions.

Spine

The operative indications for surgical intervention with metastatic spinal lesions include progressive neurologic deficits attributable to metastatic foci, pain 
unresponsive to treatment, and instability or impending instability related to pathologic fracture. Until the advent of routine anterior decompression with stabilization, 
the natural history for surgical intervention with laminectomy and decompression without stabilization did not return neurologic function and allowed progressive spinal 
deformity and instability. The results from treatment with radiation alone were identical to early surgical intervention ( 112). Less than one-half of these patients 
regained the ability to walk. The current recommended surgical intervention for cervical or thoracic disease is an anterior approach with decompression and 
stabilization. If additional stabilization is required, a posterior approach with stabilization may be included. In lumbar disease or in cervical and thoracic situations with 
circumferential cord compression (a “napkin-ring” constriction), anterior and posterior approaches are necessary for decompression with stabilization. Due to poor 
graft incorporation after postoperative irradiation, methylmethacrylate with a fixation device is frequently used for anterior fixation. When posterior fixation is required, 
Luque rods with sublaminar wire fixation three levels above and below the laminectomy decompression levels or any segmental hook and pedicle screw system is 
advised. In cases with advanced tumor involvement of the pedicles, stable fixation with pedicle screws and rods is precluded.

Pelvis and Acetabulum



Lesions involving the acetabulum and the weight-bearing portions of the pelvis that require operative stabilization are technically challenging. Imaging with CT and 
MRI is necessary to evaluate the extent of the involvement and to plan for adequate stabilization. In 1981, Harrington classified metastatic involvement of the 
acetabulum by location, amount of involvement, and reconstruction technique required ( 113). In class I and II lesions, conventional total hip arthroplasty with possible 
use of a protrusio ring, jumbo cup, or cage provides stable reconstruction ( Fig. 48-2). For class III and IV lesions, reconstruction is more difficult, requiring additional 
use of Steinmann pins and methylmethacrylate or complete en bloc resection and reconstruction. Although historically associated with poor functional results, 
Girdlestone resection arthroplasty or nonoperative treatment infrequently may be recommended for cases with extensive skeletal involvement precluding stable 
fixation (114).

FIGURE 48-2. A: Pathologic fracture of first lumbar vertebra in patient with metastatic prostate carcinoma. B: The patient developed hip pain, and hip x-ray 
demonstrates mixed lytic and sclerotic periacetabular lesions. C: The computed tomography scan shows extensive disease and fracture of dome of acetabulum. D: 
Despite radiation therapy and crutches, the patient continued to experience pain, necessitating total hip replacement with an antiprotrusion cage.

Femoral Head and Neck

The femur is involved in 60% of long-bone pathologic fractures ( 107). Fifty percent of femur fractures involve the neck, 15% are intertrochanteric, and 30% are 
subtrochanteric. For pathologic subcapital fractures, the recommended treatment is prosthetic replacement secondary to an unacceptably high risk of failure with 
internal fixation (115). The length of prosthetic stem needs to span the distal lesion by at least two bone diameter lengths or the anticipated areas of future spread. 
With isolated femoral head and neck disease, the treatment of the acetabulum is controversial. Debate remains whether to perform a hemiarthroplasty or total 
arthroplasty. One study shows that more than 80% of patients undergoing arthroplasty for metastatic disease of the hip had occult acetabular metastases on biopsy. 
Based on this finding, this group's recommendation is to perform a total hip arthroplasty rather than hemiarthroplasty ( 28). This view is contrasted with the concern of 
a larger and longer operation without evidence supporting occult acetabular disease clinically progressing to future instability or pain ( 115).

Our experience supports using third generation intramedullary reconstruction nails for impending fractures without involvement of the tumor into the head. This 
intramedullary device spans the entire femur, has proximal fixation into the femoral head, and is locked distally. When proximally based intramedullary fixation devices 
fail, it is typically due to screw cutout in the femoral neck ( 116,117). This emphasizes the importance of assessing proximal bone involvement and, therefore, bone 
strength before using this device. When disease involvement of the femoral head is too great to obtain immediate stability from the third generation intramedullary 
reconstruction device, we recommend using a long-stemmed hemiarthroplasty prothesis.

Intertrochanteric and Subtrochanteric Femur

The dynamic hip screw, a sliding compression screw and plate device, is frequently used with methylmethacrylate packing for intertrochanteric femur lesions. The 
familiarity of the dynamic hip screw technique by orthopedists makes this a favored treatment choice. There is a concern, however, for higher failure secondary to 
increased survival times, disease progression, delayed union or nonunion, lack of load-sharing, and inexperience with cement packing. Third-generation 
reconstruction-type intramedullary nails are increasingly being used for these lesions ( 118,119). Although a more extensive procedure, calcar-replacing arthroplasty 
with long-stemmed prosthesis is an excellent option. It allows immediate stability because diseased bone is resected, thus removing the concern for fixation failure 
secondary to slower healing by the diseased bone or local disease progression.

Subtrochanteric fractures are the second most common pathologic femur fracture. The surgical management decision with subtrochanteric femur fractures is also 
based on the proximal bone stock in the head and neck. When the head and neck are not involved with metastatic disease, fixation with a reconstruction 
intramedullary nail provides adequate fixation. Two types of third generation nails also offer acceptable options—spiral blade plate and large single bone hip screw 
(120). Again, if metastatic involvement extends proximally, then use of these internal fixation devices will fail. In these situations, proximal femoral calcar replacement 
arthroplasty is recommended. Use of megaprosthesis is a more extensive surgery than a standard arthroplasty or use of a reconstruction intramedullary nail, with 
higher blood loss, potential neurologic injury, and difficulties with abductor mechanism attachment ( 121).

For impending intertrochanteric and subtrochanteric fractures, our recommendation is to use third-generation intramedullary reconstruction nail devices. However, 
when a fracture has occurred in the intertrochanteric area, we use a calcar-replacing, long-stemmed hemiarthroplasty prothesis. For pathologic subtrochanteric 
fractures, we recommend third-generation intramedullary reconstruction nail devices, when possible. Otherwise, we use long-stemmed hemiarthroplasty prostheses. If 
using intramedullary reconstruction nails, then the medullary canal may need to be recreated owing to blastic filling by the osseous metastases. This does not 
preclude nail insertion but highlights the care required when using this form of fixation and the complications that may arise.

Shaft and Distal Femur

For femoral shaft lesions and fractures, the recommended treatment is use of a closed, reamed, statically locked intramedullary nail ( 122). Use of a proximally and 
distally locked load-sharing device prevents telescoping of the fracture and proximal migration of the rod. In severely comminuted fractures, large lesions requiring 
methylmethacrylate augmentation, or circumstances in which blastic tumor fills the canal ( Fig. 48-3), it may be necessary to open the lesion or fracture site and use a 
compression plate and screw device.

FIGURE 48-3. A: Patient with thigh pain and solitary “hot spot” on bone scan. This required biopsy for diagnosis and later an intermedullary rod for continued pain 
with risk of impending fracture. B: The sclerotic metastases tend to obliterate the medullary canal and make it difficult to insert an intramedullary nail.



Fixation of impending lesions or fractures of the femoral condyles and supracondylar region depends on bone stock. If adequate bone is present, then dynamic 
compression screw augmented with methylmethacrylate or supracondylar nail can be used ( 123). If poor bone is present, then the fixation device can be augmented 
with methylmethacrylate or reconstructed with a modular long-stemmed knee arthroplasty prosthesis.

Upper Extremity

Metastases to the upper extremity are infrequent. The upper extremities are typically not weight-bearing limbs and lesions can frequently be treated with radiation and 
functional bracing. However, surgical stabilization is appropriate when the limb is weight bearing or there is persistent pain or a pathologic fracture. The choice of 
fixation includes intramedullary rod, long-stemmed shoulder hemiarthroplasty, or plates and screws with or without methylmethacrylate. Nonoperative management of 
pathologic fractures is typically unsatisfactory ( 124,125). As noted earlier, the decision as to which fixation device to use is based on bone stock, quality, and extent of 
disease. In cases in which tumor involvement of the proximal humerus would prevent fixation stability, a long-stemmed hemiarthroplasty is required.

PERIOPERATIVE CARE

With any invasive procedure, the risks of infection, bleeding, injury to important anatomy, persistent pain, hardware failure, instability, and potential for future surgery 
remain. Patients with metastatic cancer tend to be more susceptible to complications. Often, surgery is urgently performed owing to a pathologic fracture. Frequently, 
patients are malnourished, immunosuppressed, osteopenic, bedridden, and have coagulopathies and electrolyte imbalances. In a report from the Mayo Clinic on 
proximal femoral replacement prostheses secondary to metastatic disease and multiple myeloma, there was nearly a 50% complication rate ( 121).

Surgical stabilization allowing immediate weight bearing and ambulation to reduce the potential for pulmonary, thrombotic, and disuse hypercalcemia is only one 
aspect of the patient's care that may reduce complications. Aggressive anticoagulation along with judicious use of perioperative antibiotics is critical. If a patient is 
bedridden and undergoing a workup before surgery, then we recommend short-term, quickly reversible anticoagulation. After surgery, our anticoagulation protocol for 
lower extremity surgery is warfarin (Coumadin) for 6 weeks with a target international normalized ratio range of 1.5 to 2.0. In keeping with standard surgical practice, a 
single dose of antibiotics is given before surgery, with coverage extending for 24 hours after surgery.

Postoperative radiation to the entire operative field and the entire length of the fixation device is an important treatment modality. Radiation treatment improves 
function, and reduces postoperative disease recurrence and progression and the need for future surgery ( 126). The timing for radiation treatment varies depending on 
the expected time needed to prevent wound complications or allow for healing of spinal fusions. For long-bone intramedullary fixation, the typical period we wait is 1 to 
2 weeks. After arthroplasty, we wait 4 weeks. With spinal fusions, we wait 6 to 8 weeks to allow for healing of fusion before radiation treatment.

CONCLUSION

Prostate cancer is a common cancer in men with frequent skeletal metastases. The orthopedic sequelae of osseous metastases include pain, impending or pathologic 
fractures, and spinal cord and root compression. Before and after surgery, medical management with hormonal therapy, chemotherapy, bisphosphonate treatment, 
radiation therapy, and radionuclide administration seeks to prevent or reduce these sequelae. The majority of skeletal lesions can be treated nonoperatively. The 
criteria for predicting a pathologic fracture remain elusive, with the hope that future research and imaging techniques will improve prediction accuracy. Success of 
surgical stabilization rests on rigid fixation allowing early weight bearing. There are many surgical implants; implant selection must be performed on a case by case 
basis. The greatest hope for achieving the treatment goals is found in a multidisciplinary approach with high levels of communication between the treating specialties.
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INTRODUCTION

Like all cancers, quality of life, psychological, and social concerns have received increasing attention in prostate cancer by oncology professionals. In the early 1980s, 
the focus of psychosocial interventions in prostate cancer was sexual dysfunction ( 1). As an old man's disease, prostate cancer received less attention than cancers 
that affected younger patient groups, such as breast cancer or leukemia. With the onset of new treatments in the late 1980s and improvements in early detection [e.g., 
prostate-specific antigen (PSA)], the study and treatment of psychosocial problems expanded rapidly ( 2).

This chapter addresses the complexity of psychosocial issues according to the natural history of the disease. Specifically, it is important to examine the cancer 
experience from initial diagnosis and treatment, remission or disease- and symptom-free periods, recurrence (after local or distance metastases), and advanced 
disease. Within each stage, this chapter addresses the impact on the patient and family, treatment decision points, variation in the experience by one's race, and 
recommended interventions.

SCREENING AND DETECTION

In recent years, a growing body of literature has emerged on the psychosocial aspects of screening for prostate cancer. The general stereotype of men avoiding and 
delaying screening appears to have some validity. Former Senator Bob Dole, a prostate cancer survivor, observed that many men circled the midway at his state fair 
with their wives several times before entering the tent offering free PSAs and prostate cancer screening ( 2a). Studies of heart disease support this avoidant behavior 
in men. Fears of impotence and misunderstanding of the anatomy of the prostate continue to exacerbate fear and avoidance ( 3). Three factors are changing this 
stereotype. First, there was a shift from the digital rectal exam to the PSA (a simple blood test) as the primary screening mechanism. The digital rectal exam was 
unpopular as an intrusive and embarrassing examination and even abhorrent to some ( 4). Particularly for African-American men, the digital rectal exam performed by 
a white male physician echoed the sexual exploitation of the Jim Crow era. Second, the general growth in the awareness of prostate cancer has changed the way 
screening is perceived. Many hospitals and cancer centers offer free screening during Prostate Cancer Awareness Week, which has now become an annual event 
(5,6). High-profile celebrities announcing their diagnosis publicly has given prostate cancer equal status with other cancers in terms of public awareness. Third, the 
availability of new treatments with fewer side effects provides an added incentive. As in other diseases, awareness of such treatments reduces the fear of screening 
detecting a life-threatening illness. The key concept here is the sense of self-efficacy. With any disease, the patient's belief that their actions can produce an effective 
result motivates them to seek appropriate care or perform appropriate self-care ( 7). Whereas a decade or more ago, the diagnosis of prostate cancer meant few 
treatment options, today the public awareness of effective treatments is growing; men can have the sense that if they go for screening and are diagnosed, effective 
treatments are available. A study of the chronically ill elderly showed that those with a stronger sense of self-efficacy about their illness were more likely to have a 
better quality of life and experience fewer symptoms, such as pain ( 8).

An important study shows the effect of family history and perceived risk on psychological distress. It showed that those presenting for screening experienced greater 
distress if they had a family history or an elevated perceived risk ( 6).

The role of family, particularly spouses and adult daughters, is key in promoting health screening in elderly men. The literature on this family interaction is limited; 
thus, the most effective means for families to encourage screening for prostate cancer remain unclear. Some current research uses the theory of monitors versus 
blunters. That is, some men are effective at monitoring for health risks, whereas others blunt their awareness. There is some evidence that prostate cancer screening 
is more acceptable, particularly in minority communities, when it is presented in the context of community-based health screening. Some cities have health care 
screening in churches and mosques in underserved neighborhoods. The support of clergy provides an added boost to the acceptability of screening.

The principal barriers to screening for underserved and minority groups continue to be the lack of access to health care and cost. Studies in southern rural and 
northern urban communities support this hypothesis. Specifically, they show that poor, African-American men see health screening as a low priority as compared to 
earning enough to live on and personal and family safety. This holds true in spite of their knowledge of being at high risk for the disease ( 9). Lack of insurance or 
adequate insurance adds to the barriers to access. Specifically, lower income is related to higher cancer incidence and higher stage of cancer at time of diagnosis. 
The less insured and educated not only have a poorer understanding of cancer risk and screening but also, once they have a cancer-related symptom, are less likely 
to have access to quality care or more likely face financial barriers to obtaining quality care ( 10). Finally, the general distrust of the medical system and clinical trials 
specifically, largely a result of the Tuskeegee experiment, sustains the cultural barriers between African-Americans and medical care ( 9).

Programs to bridge these barriers are essential. Early detection and aggressive treatment are now the standard for the white middle-class elderly man who has a 
primary care physician. For the underserved and minority populations, better access to health care screening and treatment, eliminating or reducing financial 
disincentives, and improving culturally competent care will be the only ways to improve the lagging survival statistics in these groups. McCoy et al. state that a “lack of 
preventive care and screening tests in low socioeconomic and disadvantaged populations does not appear to be due entirely to the lack of physician contact. Rather, 
these data indicate that preventive care is not integrated with the provision of other medical services” ( 4). They go on to recommend screening for those who attend 
public health clinics and community-based education with easy access, regardless of ability to pay ( 4). Three principles must drive innovative screening programs: 
increasing availability, improving accessibility, and promoting acceptability ( 11).

DIAGNOSIS AND TREATMENT: EARLY-STAGE DISEASE

The diagnosis of prostate cancer presents as a major stress event for any man. McDaniel summarizes the initial shock in this way: “Receiving the diagnosis of cancer 
may result in a cascade of emotional responses. Feelings of sadness are an expected response to painful life experiences. . . . These feelings may be coupled with 
reactions of shock, disbelief, anxiety. . .” ( 12). The level of distress can vary greatly based on exacerbating and buffering factors. One factor that may worsen the 
shock, depression, and anxiety associated with the statement, “You have cancer” includes the patient's ability to cope with prior stressful life events. Specifically, 
Does he have the emotional resources to cope, such as a problem-solving approach? Does he tend to become fatalistic, hopeless, or angry, and unable to moderate 
these emotions? Does he have a history of mental illness, especially depression, even if not previously diagnosed? Is this associated with suicidal thoughts or a 
history of suicidal attempts? A history of substance abuse, physical abuse, or self-injury are additional risk factors for depression in early disease ( 13). A family history 
of cancer and especially prostate cancer may increase the risk of poor coping if the patient recalls only that his relative experienced a slow painful death and assumes 
this will be his fate. Living alone or without family support in near proximity is another potential risk factor. Widowers with unresolved grief may be at additional risk 
(14).

Factors that buffer this shock of diagnosis balance out the risk factors for most men. Family support is the best studied of these buffering forces ( 13). In addition to 



general emotional support, families provide an additional communication link with the medical team to absorb important diagnosis and treatment specifics and report 
on symptoms. In some cases, because male urologists treat much of early-stage prostate cancer, spouses can believe they are excluded from the exam room in which 
men are discussing a male problem. For men in any stage of treatment, spouses and adult children should be invited and encouraged to attend discussions of 
treatment plans.

Other buffering factors include a knowledge of others who have been successfully treated. This awareness could be of public figures, family members, or neighbors, 
such as in retirement communities. Many support groups for prostate cancer can provide key information and support for the man who has been newly diagnosed and 
is attempting to choose the best treatment among several options. These support groups often include men who have had prostatectomies, external beam radiation 
therapy, or brachytherapy and can discuss their experience. However, outreach from these groups is needed to reach those who are newly diagnosed and are in the 
throws of making a decision on initial treatment. In addition, these groups fail to reach into minority communities. Reaching the African-American who has been newly 
diagnosed may be more effective on a one-to-one basis, but more study is needed in this area ( 15).

ADULT DEVELOPMENT AND THE EXPERIENCE OF PROSTATE CANCER

Some have compared the experience of women with breast cancer to men's experience with prostate cancer. Both are solid tumors with hormonal correlates. Both 
potentially have consequences for sexuality. The major difference is the age of onset, which on average is two decades later for prostate cancer. Men in their 50s, 
60s, or 70s may be retired or more established in their careers. They are more likely to have grown children. There are more similarities in older women with breast 
cancer (16). Studies of distress for those newly diagnosed with cancer show that distress varies inversely with age; the older the cancer patient, the lower the level of 
distress, on average (17). A number of theories have been advanced to explain this phenomenon, including relative stability due to life stage, a longer history of 
coping with life crises, and broader acceptance of death.

At the same time, increasing age has its own risks that necessitate psychosocial screening in prostate cancer patients. Older men are at higher risk for depression, 
suicide, and alcohol abuse. Those living alone have an increased risk of these psychological problems and higher cancer mortality in general. Several authors note 
the underdiagnosis of depression in cancer patients in general. Reasons cited include the “belief that depression is a normal reaction to a serious disease and partly 
because of the belief that . . . weight loss, sleep disturbance, or emotional/cognitive signs of depression often are attributable to the medical illness” ( 18). In addition, 
responding to a depressed person is perceived as time consuming; a patient's lack of cooperation may be labeled as noncompliance or another negative attribute, or 
depression leading to suicidal thoughts is accepted as suicide becomes a socially accepted alternative for cancer patients ( 13). It should be noted that many elderly 
men have healthy, active lifestyles and may have high expectations of quality of life after initial treatment. Stereotypes of elderly men living with chronic, disabling 
illness are largely a myth. Some centers are reporting successful results of radical prostatectomies in 80-year-olds.

REACTIONS TO NERVE-SPARING RADICAL PROSTATECTOMY

The nerve-sparing radical prostatectomy, the standard of care for many men with stage B prostate cancer, has become an increasingly common treatment choice. 
Nerve-sparing has given men hope of avoiding or limiting the two most dreaded side effects of prostate cancer treatment: impotence and incontinence ( 18). Men may 
have unrealistic expectations of the surgery, assuming that, in spite of statistics, they will be successful in avoiding complications. Clear education before surgery is 
essential (19). This should fully inform surgical candidates of the following:

1. The cancer may have spread locally and the prostate may not be removed.
2. The cancer may be too close to the nerve bundles to allow the nerve-sparing procedure.
3. Even if nerve sparing is accomplished and the prostate is removed, it may take months to recover potency and continence.

If fully informed of these risks and even percentages for the cancer center or surgeon, the patient is less likely to become angry and disappointed by the surgical 
results (20).

SEXUAL DYSFUNCTION IN EARLY-STAGE DISEASE

The incidence of sexual dysfunction for surgery or radiation treatments in early-stage disease is decreasing but still occurs. Although men undergoing nerve-sparing 
radical prostatectomy may find the rates of recovery of potency at 75% or higher for younger men and 50% for men older than 70 years, there are still some patients 
for whom the nerve bundle must be sacrificed to achieve adequate margins ( 21). The typical scenario for men with successful nerve sparing is to gradually achieve 
successful erections after weeks or months of recovery. For external beam radiation of the prostate, the more typical experience is to gradually lose potency over a 
period of months posttreatment, whereas up to 30% or more of patients may never lose potency ( 22). The treatment of sexual dysfunction has traditionally included

1. Vacuum pumps
2. Prosthesis
3. Injections
4. Counseling (23)

More recently, sildenafil (Viagra) has been prescribed for men with impotence related to prostate cancer with some success. In the absence of hormonal treatment, 
sexual desire remains intact. Treatments for sexual dysfunction in prostate cancer are a strong interest area in support groups. Openness among these men to ask 
questions about sexual problems and treatments is common (24).

Male identity and sexual dysfunction produce strong emotional reactions to this treatment side effect. The sense of needing to have an erection to maintain one's 
identity persists. In a study by Singer, 50 men were willing to trade off survival to preserve sexual potency ( 25). The results were independent of age, interest in sex, 
frequency of intercourse, or ability to achieve erections ( 25). Although this study has not been replicated, it does illustrate the kinds of trade-offs that go into decision 
making in prostate cancer treatment.

In counseling patients regarding the potential for treatment-related sexual dysfunction, there are three important considerations: premorbid sexual function, age, and 
the sexual partner. Because prostate cancer is more common in older men, the potential for sexual dysfunction from other causes is higher. For example, men on 
hypertensive medication for diabetes or pain problems, such as rheumatoid arthritis, may have limited sexual function or impotence before surgery ( 26). Chronic 
disease in the sexual partner may also mean a curtailment or end to the couple's sex life before the diagnosis of prostate cancer.

Regarding age issues, there are still misconceptions about sexual activity in the elderly. Some studies show that more than 50% of men are sexually active in their 
60s and 30% in their 70s. Even for couples who are not practicing coitus, they may participate in other sexual activity that is satisfying to them. Ofman notes, “Even 
patients who are not sexually active are likely to be invested in their ability to perform sexually if they wanted to” ( 26). The physician treating the patient may need to 
rephrase the question from “Are you and your wife having sex?” to “Is your ability to have an erection important to you so that you would like to have it preserved if 
possible?”

Besides being life threatening, prostate cancer has many consequences for the partner. The sexual consequences may not all be related to the ability to have an 
erection or an active libido. For example, role changes as a result of treatment and recovery may impact the man's self-concept, giving him a broader sense of 
impotence about his ability to perform tasks around the house or work that was important to his identity as a man. This can lead to resentment for both the patient and 
his spouse and interfere with open communication. Communication can be inhibited by feelings of shame ( 3). For some older couples, open discussion of sexual 
function and anatomy may be uncomfortable. Both may believe in the need to put up a strong front to the other, not revealing fears or uncertainties or discussing 
death (27). Incontinence can be another block to intimacy. For men with even mild incontinence from treatment, shame and fear of spillage may inhibit moves toward 
intercourse. Finally, unspoken fears of contamination create a barrier to intimacy. In addition to not talking with each other about this, the couple who has these 
beliefs rarely discusses them with the medical team (26). Breaking through these barriers is a major challenge for the treatment team. Questions about the couple's 
beliefs about sexual dysfunction can be presented sensitively by the physician, nurse, or social worker. Literature is available that can help the couple learn about 
sexual issues and how to discuss them (28). In some cases, referral to a sex therapist is indicated, such as when couples need help in learning how to be intimate 
again in the presence or absence of anatomic dysfunction ( 20).

Long-term dysfunction that is unsuccessfully treated may lead to depression or even suicidal thoughts ( 20). Successful treatment requires the inclusion of the sexual 



partner; having partner consensus on the mode of treatment increases the cooperation and comfort of the spouse with the potential for renewed intercourse ( 26).

OBSERVATION IN LOCAL DISEASE MANAGEMENT

Among the complex choices facing the patient with localized prostate cancer and his family is whether to accept observation only or pursue active treatment. The 
conservative management of localized prostate cancer was proposed by Whitmore as an alternative to early endocrine therapy ( 29). With older men, particularly 
those with coexisting diseases, the morbidity from treatment could have a greater impact on quality of life than would no treatment. Because prostate cancer is a 
slow-growing tumor in some men and can be safely monitored with PSA levels and other techniques, observation is an option chosen by some men to avoid the 
potential complications of treatment. One study involving 140 men whose average age was 66 years that examined the preference of men for observation versus 
treatment found that 53% preferred surgery and 42% preferred observation. The main factor in those preferring surgery was their desire to have the tumor completely 
removed. In those preferring observation, a large majority were strongly influenced by the potential for surgical complications. Older men were more likely to choose 
expectant management (30).

In expectant management, discussion with the family is particularly essential. Adult children or spouses of men offered observation might be as split about the 
decision as the group of men in the previously mentioned study. By providing the same information to the family and patient, some conflicts can be avoided. However, 
because cancer has traditionally been approached more aggressively, the idea of “doing nothing” and allowing the cancer to remain in the body under observation is 
a concept that may be difficult for some to accept (31).

ENHANCING COPING IN EARLY-STAGE DISEASE

By understanding the diagnosis of cancer as a traumatic event, the provision of psychosocial services to enhance coping is essential. A recent study of patients 
receiving radiation therapy for local prostate cancer noted that intrusive thoughts about their cancer were common; intrusive thoughts are defined as unwanted 
negative ideas that present persistently, even when one tries to drive them out of their mind. The study also found that fatigue was a common complaint that had an 
impact on quality of life (32). In a study from Canada, men with prostate cancer reported being well informed about their disease and treatment but were dissatisfied 
with the lack of information about emotional reactions, how to meet other prostate cancer survivors, where counseling was available, and how to find a support group 
(33). Clearly, men with prostate cancer are eager for help in coping with their disease.

The key aids to enhance coping in the early phases of prostate cancer are best illustrated by the Cancer Survivor's Toolbox, a set of audiotapes developed for cancer 
survivors (34). The Toolbox covers six topics: (a) communicating what you think and feel to family and the medical team, (b) finding information by using the resources 
that are available, (c) making decisions about treatment by weighing the pros and cons, (d) solving problems that affect daily activities, (e) negotiating with those 
involved in patient care to maximize quality of life, and (f) standing up for your rights or self-advocacy ( 34). Because cancer challenges even the strongest of families 
with fears of the unknown, a set of basic tools like this provide needed skills to meet these challenges.

A number of cognitive and behavioral interventions have been demonstrated as effective in reducing distress and uncertainty and improving confidence in cancer 
patients' ability to manage their illness. These interventions include individual counseling, group interventions, biofeedback and relaxation, and imagery, to mention a 
few (35). One example of an intensive individual intervention was conducted in Canada, randomizing 60 prostate cancer patients into two groups—one receiving 
information and counseling about a self-efficacy approach to managing their illness and the other receiving only written information. The experimental group had a 
more active approach to treatment decisions and lower anxiety at 6 weeks after the intervention ( 36). Interventions that promote self-care have also been 
demonstrated to positively affect mood among pessimistic prostate cancer patients in a study of those receiving radiation therapy ( 37,38).

Support groups have become a widely available resource at all stages of prostate cancer. Many, such as the American Cancer Society program Man-to-Man, also 
provide one-to-one contact with long-term prostate cancer survivors, especially during the critical stage of deciding on initial treatment. Support groups for prostate 
cancer tend to emphasize problem solving over affective expression, with new treatments being a common topic, along with practical ways to deal with symptoms and 
even encouraging political action ( 39,40).

Several books are now available to enhance coping with prostate cancer. Some are personal stories about how men coped with their diagnosis and treatment; others 
written by physicians describe current treatment alternatives; others view prostate cancer as an illness that requires family involvement. These books can be effective 
tools in the early stages of uncertainty and shock ( Table 49-1). The Internet is emerging as a universal resource for finding information and support for prostate 
cancer. Several high-quality web sites and e-mail discussion groups (listservs) provide information on standard treatment, alternative treatment, and personal stories 
(Table 49-1). As noted earlier, if, during psychosocial screening, severe distress is identified, then referral to one of several mental health professionals with oncology 
experience is indicated. This may involve individual or family psychotherapy; psychotropic medication; and, in rare cases, psychiatric hospitalization. The Distress 
Management Guidelines developed by the National Comprehensive Cancer Network are the most comprehensive guides to evaluating distress in cancer ( 41) (Fig. 
49-1).

TABLE 49-1. RECOMMENDED BOOKS AND WEBSITES FOR PROSTATE CANCER

FIGURE 49-1. Distress management. (From the National Comprehensive Cancer Network, Inc., with permission.)

IMPACT OF RECURRENCE AND TREATMENT FAILURE

The impact of recurrence in cancer is well known to exacerbate anxiety and depression. Every cancer patient lives with the possibility of recurrence and worries that 
this fear will become a reality. A few studies have shown lower anxiety after recurrence in those that anticipated its probability and developed strong coping skills after 



their initial diagnosis. In a study by Cella et al., recurrence is characterized as a traumatic event; the subjects who were completely surprised by recurrence or who 
were undergoing their first recurrence experienced a higher rate of intrusive thoughts and exhibited more avoidant behavior ( 42). Again, psychosocial screening is 
helpful in differentiating the level of distress and coping abilities in the face of this second threat. Patients and families are not only faced with the news of the 
recurrent cancer but also another set of complex treatment decisions.

As PSA has become the principal tumor marker for prostate cancer, some anxiety and obsession with PSA levels can occur in men fearing recurrence. This 
hypervigilance can interfere with daily functioning. A similar phenomenon has been observed in other diseases, such as T-cell counts in patients with human 
immunodeficiency virus (43). Education and reassurance are adequate to reduce this anxiety for most men, but those who truly become obsessed should be referred 
to a social worker, psychologist, or psychiatrist.

Treatment side effects can create additional coping problems. For instance, antiandrogen treatment can result in demasculinization, such as loss of libido, hot flashes, 
and breast enlargement or pain (26). These symptoms may be subtle and go unnoticed by family; owing to the embarrassing nature of the symptoms, the patient may 
be reluctant to tell his family or physician. These symptoms can lead to a triple insult to the male ego: having cancer, being impotent, and developing female 
characteristics (44). Men who find this triple insult unbearable are certainly candidates for depression and suicidal thoughts. Evaluation of the impact of new 
symptoms is essential, whether done by the physician or another member of the medical team. Monitoring quality of life can help identify changes in the patients' 
activities of daily living and the effects of treatment. Clark et al. developed a scale identifying nine areas of concern in men with metastatic prostate cancer: body 
image, sexual problems, spouse affection, spouse worry, masculinity, cancer-related self-image, cancer distress, cancer acceptance, and regret of treatment decision 
(44).

These middle stages of prostate cancer are characterized by periods of active symptoms and remission from symptoms. Typically, antiandrogen treatment produces a 
successful decrease in physical symptoms that may produce a parallel sense of emotional relief and hopefulness. With the onset of side effects from these 
treatments, men may become discouraged and question the treatment's benefit and regret their decision to pursue their chosen course of treatment. In cases of 
severe toxicity, some may prefer withdrawal from treatment (45,46).

Often during periods of uncertainty and disappointment at traditional treatment, cancer survivors will seek out complementary and alternative treatments. These may 
be as straightforward as prayer or relaxation tapes or may be more extreme, nontraditional treatments such as shark cartilage ( 47). The physician should encourage 
the patient to discuss in a nonjudgmental way the types of treatments he is experimenting with to avoid further alienating the patient. Once the patient believes he has 
been heard on his reasons for trying these treatments, the physician and the medical team can lay out their recommendations and opinions on these treatments. 
Often, a compromise can be reached in finding ways to have alternative treatments complement rather than conflict with standard treatment ( 48). Some ethnic 
differences in distress and uncertainty have been found, such as spiritual factors and the quality of the home environment being more important for African-American 
men; however, there are more similarities than differences in coping with uncertainty ( 45).

One treatment with special implications is the bilateral orchiectomy or surgical castration as opposed to medical castration with antiandrogens. Although castration 
makes sense for a select group of men with advanced disease, the impact on their self-concept must be considered. In a study by Montgomery et al., no differences in 
self-concept were seen in comparison to men who underwent transurethral resection of the prostate ( 49). However, subscales, measuring physical self and identity, 
did show significant changes. Ofman notes, “Because of its symbolic nature, bilateral orchiectomy has potential body image repercussions that far exceed . . . the 
changes from testosterone ablation” (22).

Advanced Disease

Advanced disease is more frequently being referred to as hormonal-resistant prostate cancer and is an active area of treatment investigation. As with an initial 
recurrence, failure of hormonal therapy can signal the return of depression and a loss of hope. In addition, symptoms may be more debilitating. Pain, especially 
related to bone metastases, becomes a major symptom but can be successfully controlled. Fatigue related to pain, tumor, or treatment can worsen. Fortunately, 
cancer-related fatigue is now a better-identified symptom with several successful nursing and medical interventions. The psychosocial aspects of fatigue need to be 
attended to, because men especially can perceive it as laziness or a loss of manhood. Depression can be intermingled with fatigue, clouding a clear diagnosis and 
treatment of either (50). Spinal metastases bring the threat of paralysis.

In this context, it is important to provide home care and aggressive symptom relief. Men should be encouraged to shed a macho image and report symptoms of pain 
and fatigue early and specifically. There may be communication problems within the family or between the patient and physician that interfere with cancer pain relief. 
A team approach to pain, which provides continual reassessment and open communication, is essential ( 51). Hope in clinical trials can give patients the will to go on. 
Even the promise of basic research for future prostate cancer treatments provides hope and encouragement. During this time of greater uncertainty and symptoms, 
many men report an increased desire for intimacy (45). This provides needed comfort and reassurance that they will not be abandoned in death.

Caregivers

As the disease advances and symptoms increase, the family must mobilize to assist the patient at home. From a review of the literature, Northouse et al. note the 
three major concerns of caregivers: “dealing with the fear and threat associated with a cancer diagnosis, helping partners to deal with the emotional repercussions of 
cancer, and managing the changes and disruptions of daily life brought on by the disease” ( 52). Studies are inconclusive about the effect of recurrence on the spouse. 
Given and colleagues' results showed an increase in depression of caregivers during the 6 months after recurrence, with a more symptomatic patient producing a 
more pronounced effect in caregivers (53). Caregivers and patients can benefit from problem-solving interventions. In a study by Blanchard et al., cancer patients 
became less depressed than those patients whose family caregivers did not receive the intervention ( 54). The Prepared Family Caregiver Course and the 
accompanying book, Home Care Guide for Cancer (55), provide excellent tools to improve the problem-solving skills in a symptom-focused format ( 56).

Referral to palliative care, hospice, or a pain service is an anticipated step in the natural history of prostate cancer. The timing of this step depends on the severity of 
symptoms, availability of treatments, and the patient and family's perception of end-of-life care. Some may resist the idea of hospice care because of its association 
with their perception of dying and death. Most often, acceptance of hospice and palliative care comes with a compassionate explanation of the inevitable transition 
from treatment for cure to comfort care. This is most effectively accomplished through a family conference ( 57). Again, a sense of nonabandonment is important, as is 
a reassurance that effective treatments were tried and failed. This will help reduce the sense of regret about prior treatment decisions ( 44).

LONG-TERM SURVIVORS

With the advent of improved and new treatments for prostate cancer since 1990, a large population of long-term survivors has emerged. Many of these men may 
return to work or proceed with a relatively normal retirement. Each year, more are becoming cancer activists ( 58). These men become support-group leaders and 
friendly visitors. Others volunteer in hospitals and cancer centers. Still others have become active in political advocacy for prostate cancer research and public 
speaking or fund raising. The future of prostate cancer research and treatment can only benefit from this kind of activism.

CONCLUSION

The psychosocial aspects of prostate cancer are beginning to gain broader scientific study beyond the issue of sexual dysfunction. It is clear that screening patients 
for depression and other quality of life problems is key to effective treatment. With the availability of effective psychosocial interventions, patients and caregivers can 
benefit from individual counseling and education, support groups, books, and the Internet. Sexual dysfunction continues to be of concern for many men approaching 
surgical and hormonal treatment; however, these concerns are complex and include one's sense of self-concept and self-worth. Support groups for prostate cancer 
are now broadly available and provide an effective intervention for men at all stages of the disease. The specific effects of these groups require further study. In 
general, psychosocial research in prostate cancer is in its infancy. More research is needed on how men make treatment decisions and what tools can most 
effectively help them make decisions, balancing the trade-offs of various treatment modalities. Research is needed to explore whether the incidence of depression or 
anxiety is higher or lower in prostate cancer than other cancers. Caregiver research needs to explore the specific relationship of the spouse and adult children in 
dealing with issues of pain, depression, incontinence, and fatigue in the context of prostate cancer.
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INTRODUCTION

Clinical trial design for prostate cancer has historically been a difficult and controversial endeavor, as several unique features of the disease complicate, if not 
impede, the testing of new agents. For example, the majority of patients with metastases lacks disease in the soft tissues, and objective changes in measurable 
lesions are rarely applicable. Changes in the radionuclide bone scan can occur months after a drug's antitumor effect and are reader dependent. As a result, greater 
emphasis is placed on biochemical response criteria, namely that of the prostate-specific antigen (PSA). Whether a treatment-induced PSA decline confers a clinical 
benefit to a patient, however, is debatable. Furthermore, novel biologic agents may modulate the PSA in ways traditionally not associated with an antitumor effect.

Patient selection is complicated by the fact that a patient diagnosed with prostate cancer may not develop symptoms of the disease or die of it, recurrent disease may 
not require immediate treatment, and slowing the rate of disease progression may be sufficient to reduce prostate cancer–specific mortality.

In the past, the selection of agents available for trials was limited primarily to hormones or cytotoxic agents, both of which have significant side effects. The 
appropriate clinical setting in which investigational agents were tested was limited as well, as the balance between morbidity from therapy versus morbidity from 
disease favored the treatment of patients with advanced disease. Newer therapies have altered this balance. As a result, clinical scenarios that were previously 
inappropriate for trials now exist: the treatment of patients without evidence of disease, of those who have biochemically relapsed, and of patients who have 
metastatic disease but are androgen-dependent. As these new agents and new treatment opportunities emerge, a reassessment of the purpose of clinical trials and 
their appropriate design is in order.

This chapter addresses each of these factors independently. First, disease states are discussed as a model for describing not only tumor progression but trial design 
as well. Second, the elements of trials are discussed (i.e., entry criteria, interventions, and end points). Third, the integration of the disease state with individual 
elements of the clinical trial is reviewed state by state to highlight state-specific design considerations.

CLINICAL TRIAL DESIGN AS A FUNCTION OF NATURAL HISTORY

A clinical trial is composed of a defined aim, an intervention, a treatment population, end points relevant to the intervention and population, and a decision rule on 
whether evaluation should continue. In this context, a universal set of “rules” cannot be applied to all states of the disease.

In an effort to clarify trial design, we have proposed a model of disease progression, shown in Figure 50-1 (1). This model segregates patients on the basis of their 
place in the continuum of the disease from diagnosis to death. It focuses on how the therapeutic approach being evaluated relates to the patient's point in the natural 
history, as shown in Table 50-1. A unique aspect of the model is that it highlights the objectives of the treatment and not the treatment itself. In addition, unlike 
traditional staging schema based on the characteristics of the primary tumor, nodal status, and metastatic involvement at diagnosis, the model is not fixed at a static 
point but is descriptive of the entire disease course throughout time. Illustrated are the competing causes of death for a patient with prostate cancer—disease or other 
causes—and the shift in the relative significance of these causes to the individual depending on the point in the illness. An additional consideration is the distinction 
between cure, elimination of all cancer cells, and control, modulation of growth rates so that the patient dies a non-cancer–related death.

FIGURE 50-1. Clinical disease states in prostate cancer: clinical states model. PSA, prostate-specific antigen; Rx, therapy.



TABLE 50-1. THERAPEUTIC OBJECTIVES AS A FUNCTION OF DISEASE STATE

The states in the model identify points in the history of the disease where an intervention might be considered or a clinical trial question addressed. By implication, 
progression from one state to another represents a treatment failure, although this does not imply that the patient will require another intervention. Patients who do not 
progress remain in a given state, allowing the determination of “time within a state” to be calculated reliably.

The ultimate goal of all cancer therapies is to prolong quality-adjusted life expectancy. There are, however, other short-term measures of benefit that may be clinically 
relevant to a patient. These include the elimination of a specific manifestation of the disease that is identified at a particular point in time (e.g., pain) and the 
prevention of disease-related events in the future, underscoring the fact that end points are often state specific and therapy specific. The decision to continue 
development of a strategy ultimately rests on a combination of how many patients benefited (however that is defined) from the treatment and how long that benefit was 
maintained.

INTERVENTIONS

Hormonal therapy was the past focus of drug development for prostate cancer. Later, traditional cytotoxic approaches were applied, primarily in late-stage disease. 
Because the molecular lesions underlying the tumorigenesis, growth, and resistance of prostate cancer are better understood, mechanism-based approaches are now 
undergoing investigation. Potential strategies include targeting cell signaling through the Her2 gene product ( 2,3,4 and 5), epidermal growth factor receptor (6), and 
farnesyl transferase (7,8 and 9); tumor suppressor genes, such as p53 (10,11); apoptotic pathways, such as bcl-2 (12); histone acetylation; and cellular differentiation 
through the vitamin D receptor (13,14), retinoic acid receptor (15,16), and peroxisome proliferator-induced receptor gamma (17). In addition, strategies that are 
directed against tumor invasion and angiogenesis are undergoing clinical testing, as are in vivo and ex vivo immune strategies using active and passive immunity 
(18,19 and 20).

Many of these agents are cytostatic in their effects, whereas others are designed to slow progression. Each of these interventions may alter the natural history by 
delaying death; however, their short-term effects on a specific disease-related manifestation, such as changes in a gene's expression or on a biochemical marker 
such as PSA, are unclear.

In the states model, the application of a specific therapeutic strategy is determined by the characteristics of the patients in that state and the end points of the trial, as 
shown in Table 50-2. The therapeutic targets vary. Some, such as prostate-specific membrane antigen, PSA, or prostate stem-cell antigen, are relatively prostate 
specific. Others are oncogenic proteins, altered tumor suppressor gene products, and differentiation antigens that are not cancer- or organ-site specific. Some targets 
are therapeutically appropriate only within specific disease states, whereas others are valid across various phases of the disease. For example, targets associated 
with metastatic disease such as bcl-2 may be effective in narrowly defined clinical scenarios, whereas targets such as prostate-specific membrane antigen may be 
exploited across clinical states.

TABLE 50-2. RELATIONSHIP BETWEEN DISEASE STATE, INTERVENTION, AND END POINT

ELIGIBILITY

The purpose of eligibility criteria is to assure that the aims or goals of a trial are precisely defined and the diversity of factors impacting an outcome are as restricted 
as possible. An unfortunate historical reality is that eligibility criteria have varied across trials. For example, disease progression may be defined on the basis of 
changes in soft-tissue involvement, bony disease, symptoms, or PSA, as shown in Table 50-3. Specific criteria exist for progression in measurable soft-tissue disease, 
including a defined increase (greater than 25%) in the area of an existing lesion or the development of a new lesion. Progression in bone includes the development of 
new sites of metastases, although the significance of an increase in the area of an existing lesion in the absence of new lesions is more controversial ( 21). The 
definition of biochemical progression is even more confusing, although a minimum of three sequential rising values is generally an accepted convention. There is no 
concensus, however, on the proportional increase and the time interval between determinations, although many investigators follow a rule of thumb that a 50% 
increase from a baseline represents a significant rise. The minimum value will vary. For example, progression after radical prostatectomy is any detectable PSA 
(greater than 0.4 ng per mL), whereas progression after radiation therapy can be greater than 0.5 ng per mL or 1.0 ng per mL.

TABLE 50-3. DEFINITIONS OF PROGRESSIVE DISEASE

Disease progression defined by virtue of worsening symptoms is established with the onset of new symptoms or an increase in intensity of preexisting symptoms. 
There is disagreement on the quantification of symptomatology, which will differ from trial to trial and state to state.

Another challenge to consistent eligibility criteria is that the availability and use of technology and expertise vary from center to center. For example, trials assessing 
salvage radiation therapy in relapsed patients after radical prostatectomy can enroll patients on the basis of biochemical parameters, biopsy samples, ProstaScint 
scans, or any combination of these. However, the results of the trial will likely vary as a function of which criteria are used. Biologic assays, such as assessments of 
Her2, bcl-2, p53, or others, are also increasingly used in many centers to select patients for studies. In these situations, the site from which the tissue was obtained 
(prostate vs. bone vs. soft tissue), the androgen dependence of the tumor, the techniques used to obtain and prepare the tissue, and the definition of a positive result 



will all affect whether a result is “positive” or “negative.” For example, differences in Her2 expression have been reported on the basis of whether 
immunohistochemistry or fluorescence in situ hybridization was used (22). Details of the methods used are critical parts of the eligibility criteria in trials that use these 
assays.

Elibigility criteria will also vary according to disease state, as shown in Table 50-4. For example, treatments intended to reduce symptoms must be tested on (a) 
patients with active disease and (b) those who experience symptoms that directly relate to the disease burden. By contrast, a patient who has no detectable PSA after 
radical prostatectomy typically has no cancer-related symptoms requiring control and would undergo treatment based on a predicted risk of relapse; thus, such 
patients are inappropriate for studying palliative therapies. The disease state dictates the rationale of the study; the rationale dictates the treatment population and, by 
implication, the eligibility criteria.

TABLE 50-4. RELATIONSHIP BETWEEN ELIGIBILITY CRITERIA, STATE, AND END POINT

Finally, prior treatments and outcomes must, at least in part, be a part of decisions regarding eligibility. Prior exposure to hormonal agents, chemotherapy, and 
biologic drugs is relevant to present outcomes. Patients who are currently taking an antiandrogen or steroid hormone should be observed for a response to withdrawal 
of these drugs, with documentation of progression after withdrawal. Failure to do so may lead to the false attribution of response to an intervention and overestimation 
of the level of benefit of the drug. Relevant manifestations of the disease, such as a rising PSA or symptoms, medications taken (including alternative medications), 
dietary habits, and a record of each involved site and the method of assessment, must be documented.

DEFINING END POINTS

Perhaps the most difficult element to plan in prostate cancer clinical trials is the selection of appropriate end points. The reasons for this are multifold. First, most 
patients do not have measurable disease. Second, bone scans have interreader variability and lag relative to the clinical effect. Third, changes in PSA can vary as a 
function of the mechanism of treatment, and there is no agreement on the degree to which the PSA must change to be “significant.” Fourth, outcomes that merely 
demonstrate that a drug is targeting its intended pathway are often confused with those that translate into a clinical benefit in later trials. As a result of these ongoing 
ambiguities, it is often difficult to tell whether a drug has “made a difference” and, therefore, when a strategy should be abandoned rather than pursued.

The outcome measures used to assess treatment effects in the course of routine clinical practice or in the context of a clinical trial are ultimately developed to address 
a single question: Do the results justify continued use or further clinical evaluation? A rational developmental strategy for any new agent is the sequential 
determination of the dose and toxicity (phase I), efficacy (phase II), and overall level of benefit relative to other treatments (phase III).

This sequence, particularly as drugs enter phase III trials, is costly in dollars and time. Such trials generally involve large numbers of patients and many different 
treatment centers. The decision to design and conduct these trials must therefore be based on reproducible and objective data to insure that such an endeavor is 
appropriate. An accurate estimation of the expected level of difference in outcome is necessary so that a cohort of appropriate size can be enrolled and followed for a 
sufficient time. Any error in these factors can have disastrous results on a drug's development: Underestimation of the level of benefit can lead to the abandonment of 
a strategy, whereas overestimation can lead to underpowered and inconclusive results.

To avoid such errors, establishing valid and informative response criteria is critical. Such criteria allow investigators to standardize the reporting of results and 
determine whether a treatment or intervention performs well enough to continue use and further clinical development is justified. They must be reproducible and 
quantitative, qualities that have heretofore been elusive.

The specific outcome measures of a trial are derived from the hypothesis under study, the intervention used, and the manifestations of the disease at the stage or 
disease state targeted. Therefore, they vary according to who is being treated, what they are being treated with, and why they are being treated. The anticipated 
measures of response must each be defined independently, a priori, based on all of the preclinical data available ( Table 50-5).

TABLE 50-5. ANTICIPATED CHANGES IN RESPONSE INDICATORS WILL VARY AS A FUNCTION OF THE MECHANISM OF THE INTERVENTION

Measurable Disease

Only 15% to 20% of patients with metastases will have soft tissue disease. Even in those patients with soft tissue and bone involvement, it is unclear that disease in 
the soft tissues mirrors that in the bone in response to treatment. The limited data that exist suggest that disease in bone is more resistant to treatment and more likely 
to relapse after treatment than soft-tissue disease, suggesting that the latter is a poor surrogate for the former ( 23).

Osseous Disease

The radionuclide bone scan is an imperfect tool for assessing osseous disease. First, it is an indirect measure of tumor activity, because there is no direct 
visualization of the tumor, but, rather, the reactive changes in the bone induced by tumor. Radionuclide bone scans may take several months to reflect a change, even 
in the setting of receiving effective therapy, and can take years to fully resolve after an otherwise complete remission. Confounding the picture is the existence of the 
“flare phenomenon.” This apparent worsening of the bone scan occurs as osteoblastic activity increases due to healing when the tumor regresses. Therefore, a 
worsened bone scan may not reflect true progression but pseudoprogression, a sign that a drug is indeed working ( 24). The distinction is further obfuscated when 



scans are obtained at short intervals, and in practice, 12-week intervals are probably the minimum necessary to show appropriate correlations with clinical outcomes.

The criteria by which bone scans are interpreted also vary. For example, one group may consider only the appearance of new lesions to establish progressive 
disease; another might consider new lesions and increased intensity of existing lesions; a third might consider increased intensity of existing lesions in combination 
with a rising PSA or increased pain at the involved site. Investigators must use care when using methods of assessing outcomes that have not been validated ( 25).

New approaches have focused on quantifying and standardizing radionuclide bone scan data. For example, at Memorial Sloan-Kettering Cancer Center, a bone scan 
index (BSI) has been developed to quantify the extent of skeletal involvement by tumor ( 26). The BSI is based on the known proportional weights of each of the 158 
bones that were derived from the reference man, a standardized skeleton in which autopsy-based individual bone weights were reported for the average adult. A 
preliminary analysis showed that changes in the BSI paralleled changes in PSA, with minimal interobserver variability.

Tumor Metabolism

Positron emission tomography (PET) scans offer the promise of assessing disease in the soft tissues and bones using one modality and, unlike bone scans, can 
directly assess the activity of the tumor. PET scanning is therefore undergoing study as a complement to, if not a substitution for, radionuclide bone scans ( 27). 
However, PET scanning has traditionally been used to distinguish benign from metastatic disease and not as a means of sequentially following a tumor response to a 
novel agent. This application continues to be explored ( 28). Various labeled compounds are being investigated, including 2-[F-18] fluoro-D-glucose, C-11 methionine, 
and, most recently, fluorine-18–labeled androgen receptor ligands, such as dihydrotestosterone ( 29). The latter promises to be a highly specific method of imaging the 
prostate cells and other tissue with high androgen receptor content.

Biochemical

Having a biochemical marker to assess outcomes is not unique to prostate cancer, as tumor markers exist for germ-cell tumors, breast cancer, colon cancer, and 
others. However, the role that the marker plays in prostate cancer clinical trials is uniquely important. The rarity of measurable disease, ambiguities of radionuclide 
bone scans, and lack of alternative measures of response confer singular importance to the use of the posttherapy decline in PSA as an outcome measure in clinical 
trials. Drugs that might otherwise have been discarded for lack of an observable response are now advanced on the basis of the biochemical response. This use of 
the marker is grounded in the observation that a posttreatment decline in PSA correlates with survival ( 30), which has been demonstrated in multivariate analyses 
validated against an independent data set ( 31). This correlation has also been observed in models that examine PSA velocities as opposed to absolute change over 
time, although these have not been validated ( 32,33 and 34).

This use for the PSA is rife with potential pitfalls, however. There is still no consensus on how much of a decline is “significant,” on the accepted time interval over 
which that decline should be observed, and on the significance of the starting baseline ( 35,36). As a result, there is no consensus regarding the validity and use of 
this end point (37,38,39,40,41,42 and 43) as an indication that the natural history of the disease has been altered or that a clinically significant event has been 
prevented.

With the introduction of mechanism-based therapy, the interpretation of a PSA change as a measure of response is made more complex. The variability of the PSA in 
response to treatment is seen in Figure 50-2. Figure 50-2A illustrates the PSA change in a patient successfully treated with a cytotoxic combination. The PSA declines 
markedly with treatment and remains suppressed throughout the treatment period. Figure 50-2B shows an initial PSA decline after treatment with suramin (44), given 
over 5 days every 21 days. Despite an initial decline, each 21-day cycle is characterized by an increase in PSA consistent with an ineffective drug or schedule. Figure 
50-2C shows a projection based on preclinical data of the expected change in PSA after treatment with a differentiating agent. After an initial rise due to tumor cell 
maturation, the PSA then declines as the cells undergo apoptosis.

FIGURE 50-2. Changes in prostate-specific antigen (PSA) vary as a function of the mechanism of therapy. A: Taxane-based chemotherapy. B: Suramin. C: 
Differentiating agent (interferon and cis-retinoic acid).

The PSA change in response to new drugs that act through novel mechanisms, such as angiogenesis inhibitors and matrix metalloproteinase inhibitors, is at present 
unknown. These drugs and others may inhibit growth but may not substantially reduce existing tumor burden. A slowing of the rate of rise may be all that is seen, even 
if these drugs ultimately prove to be active.

It is essential to remember that the “PSA definition” must be considered in the context of other pretreatment prognostic and posttherapy treatment predictive factors 
using multivariable analytic techniques. Some proposed models fail to analyze other factors that may be impacting survival, such as performance status, hemoglobin, 
Gleason score, or lactic dehydrogenase. Furthermore, models based on a single center's experience or on a single trial's treatment population should be validated 
against an independent data set. Only when the association is retained using multivariate techniques and validated using independent data sets of patients is it 
considered significant (31,45).

Symptoms

Treatments can effectively alleviate pain but may not have a significant antitumor effect. Studies of the radioisotopes samarium-153-ethylene diamine tetramethylene 
phosphonate and rhenium-186-hydroxyethylidene diphosphonate demonstrated that outcome measures of palliation, such as changes in narcotic use, were seen in 
excess relative to indicators of tumor response, such as changes in PSA (46,47). This was also found in trials of chemotherapeutics. In a trial of mitoxantrone and 
prednisone versus prednisone alone, patients on the chemotherapy arm enjoyed a greater palliative benefit than those who received steroids alone ( 48). This was 
seen despite the fact that, as an antitumor agent, mitoxantrone has only modest activity as a single agent ( 49), and, even in combination with prednisone, the 
palliative benefit exceeded the proportion of patients who had a decline in PSA. The lesson drawn from these experiences is that symptomatic effects should be 
considered independently of other measures of antitumor activity. If not, a drug that can significantly impact a patient's quality of life might be underestimated because 
of a disappointing impact on the PSA or bone scan in the face of an improvement in the patient's symptoms. Drugs without direct actions on the disease can still 
impact the bony microenvironment, osteoclasts, neurohumoral pain mediators, and psychological elements, all of which will modulate a patient's level of suffering.

Reporting End Points

Although preclinical data may suggest the pattern that end points may manifest in response to treatment, the actual clinical experience frequently differs considerably 
from the predictive model. As a result, end points must be clearly defined, reproducible from trial to trial, assessed at identical time points for each patient, and 
independently assessed and reported.

In addition, factors that might affect the interpretation of outcomes should also be accounted for and reported, as these can confound the results of a trial. This is 
especially true of trials using PSA end points. Over-the-counter drugs, diet, vitamins, and supplements (e.g., soy, vitamin D, and nonsteroidal antiinflammatory agents 
that impact the cyclooxygenase pathway) may all have effects on the PSA, that have yet to be fully established. Unless these agents are recorded and assessed, 



potential associations of a therapy with outcome (favorable or unfavorable) cannot be explored.

DISTINGUISHING “RESPONSE” FROM “CLINICAL BENEFIT”: THE PHASE II TO PHASE III TRANSITION

Despite the extensive search for valid end points for phase I and II trials, the majority of the phase III trials that have been conducted in prostate cancer has been 
negative. There are many factors in the phase II study design that contribute to the failure of a drug in phase III. These include the use of a surrogate end point in the 
phase II trial that does not accurately reflect the end point of interest in the phase III study, differences in the patient populations enrolled in the respective studies, an 
overestimation of the level of benefit of the new therapy through misinterpretation of the reported outcomes observed in prior studies, and a failure to identify clinically 
beneficial approaches through underpowered trials. Furthermore, drugs that induce a response in earlier trials are often found to have no durable benefit, particularly 
in terms of survival, in the phase III setting.

The other side of this coin is that drugs that may show no response in early trials may indeed have the potential to confer a durable benefit to the patient. This is 
particularly true of cytostatic drugs in which a short-term response may be difficult to assess. Hence, differentiating agents, antimetastatic compounds or angiogenesis 
inhibitors, vaccination studies, or dietary manipulations may be difficult to assess in the short term, but they may offer long-term benefits if they can be shown to slow 
or arrest the process of disease progression. Although these agents might be abandoned in early-phase trials because they fail to show a response, they might also 
be brought prematurely to the phase III setting using a survival end point. The inability to detect this error before the level of the phase III investigation is particularly 
harmful, because these trials are resource intensive, require hundreds of patients, vast sums of money, and often take many years to complete.

Because of the difficulties in transitioning from the questions addressed in the phase I or II trial to those of the phase III trial, we have proposed that an intermediate 
trial design, phase IIb, be incorporated into the sequence of drug development ( 50). In this model, the phase IIb follows preliminary screening trials for efficacy but 
precedes large multicenter comparative phase III trials. The phase IIb study population is larger and more heterogenous that those in phase IIa trials, which typically 
contain small groups of highly selected patients treated in single centers and that consequently overestimate the treatment effect. Furthermore, the end points of the 
phase IIb trial replicate those of phase III trials in measuring clinically relevant end points, such as survival, rather than biologic, biochemical, or radiographic 
surrogates. The proposed phase IIb design has the potential to identify effective and ineffective treatments earlier in the clinical trial process. It allows ineffective 
treatments to be weeded out earlier in the process and effective ones to proceed. A larger number of patients than is typically applied to phase II studies is required. 
Nevertheless, in the long run, by reducing the number of approaches that is tested in the phase III setting, more patients will be spared ineffective treatments, and 
fewer patients will need to be enrolled in trials to identify those that are indeed active.

INTEGRATION OF DISEASE STATE WITH CLINICAL TRIAL DESIGN

No Cancer Diagnosis

Increasingly, medical oncologists are managing patients without disease but who are at high risk of developing cancer. Prophylactic interventions have been shown to 
be beneficial in preventing a number of cancers: Women at high risk for breast cancer can reduce that risk by prophylactic mastectomy ( 51) and patients at risk for 
developing second primary head and neck cancers have been shown to benefit using chemopreventive strategies ( 52). In the past, preventive strategies were not an 
option for patients at high risk for prostate cancer, as the toxicities of radical surgery, radiation, or hormonal therapy precluded treatment in the documented absence 
of disease.

As mechanism-based treatments are introduced into the clinic, patients at risk of developing prostate cancer can be treated with agents sufficiently low in toxicity to 
warrant study, the design of which is outlined in Table 50-6. The treatment population ideally would represent patients at high risk of developing prostate cancer and 
who are young enough to derive a significant benefit from a preventive strategy. These patients might be identified on the basis of family history, diet, the presence of 
prostatic intraepithelial neoplasia (PIN), or an abnormal PSA.

TABLE 50-6. ELEMENTS OF CLINICAL TRIALS FOR PATIENTS WITHOUT DISEASE

Patients in this category can have normal, elevated, or rising PSA values. Whether a decline in PSA in patients without cancer is beneficial has yet to be established. 
Conversely, a rise in PSA is not necessarily an indicator of treatment failure in this population, as patients may develop elevated PSA concentrations secondary to 
benign conditions unrelated to treatment success or failure. Pathologic criteria, which can be used to assess changes in atypia in patients with PIN or establish a 
diagnosis in patients without cancer, are singularly appropriate in this population, as few other response criteria such as cancer-related symptoms, measurable 
soft-tissue disease, or assessable bony disease are available. Ultimately, the clinically relevant end point for these patients is lengthening the time in which they 
remain within their defined state (i.e., remain disease free). An alteration in the time to diagnosis suggests that the drug should be advanced in development.

Localized Disease

A truly localized prostate cancer is one that can be cured if the prostate were completely removed (surgically) or eliminated (by radiation or a medical therapy). The 
methodology to assess localized disease continues to evolve. In the past, it was based solely on the results of a digital rectal examination; more recently, it has 
involved using multiplex models based on the findings of digital rectal examination, Gleason score, and PSA ( 53), with or without imaging studies (54). Equally 
important in the assessment of a localized prostate cancer is the determination of the probability of spread to distant sites ( 55). Although patients with documented 
local disease are potentially curable, some will relapse locally while others will already have micrometastatic disease at the time of treatment. Patients with advanced 
local lesions, high PSAs, and high Gleason scores are at risk of failing single-modality local treatments ( 56,57). The ultimate aim of these trials is to render a patient 
who is at risk of relapse as curable, as shown in Table 50-7. For the medical oncologist, this implies an intervention before or after surgery or radiation.

TABLE 50-7. CLINICAL TRIAL DESIGN FOR PATIENTS WITH LOCALIZED DISEASE



The advantage of testing novel agents as neoadjuvant therapy is that many patients will undergo definitive surgery after treatment; tissue can be easily obtained to 
assess indicators of biologic activity, such as histologic appearance, genetic or protein assays, or measures of apoptosis. Changes in PSA, tumor size, or surgical 
margins can be used to assess whether these biologic phenomena correlate with clinical effects and local or systemic drug levels. Furthermore, these trials can be 
conducted using patients with tumors unexposed to prior treatments and with an intact and virgin androgen receptor axis.

Neoadjuvant therapy is ultimately intended as an adjunct to achieving cure. A reduction in tumor burden is inconsequential unless it is associated with an increase in 
the cure rate after definitive local therapy. This is the essence of the challenge of the phase II to phase III transition—that is, to show that changes in biology are 
reflected in a reduction in the rate of relapse or an increase in survival.

Outcome measures for adjuvant treatments are more difficult to define than for equivalent treatments used as neoadjuvants. In this disease state, the PSA may be 
normal or undetectable, there is no identifiable tumor volume, and tissue is unavailable to assess biologic activity. The clinically relevant end point for such trials, 
therefore, is the length of time patients remain in the disease state. Adjuvant therapies warrant further study if they delay the time to the detection of local or systemic 
relapse.

Rising Prostate-Specific Antigen Postprimary Therapy

Patients with a rising PSA after primary therapy, be it radical prostatectomy, radiation therapy, a combined modality approach, or deferred therapy, represent an 
increasing proportion of the prostate cancer population. For these patients, therapy is directed toward preventing progression to the point in which the disease 
becomes clinically detectable or symptomatic, at which point the probability of death from disease increases significantly and the patient is faced with disease-related 
morbidity and mortality (64). Nevertheless, an important distinction is that a rise in PSA does not universally lead to death from prostate cancer nor does it signify the 
need for immediate intervention (65).

Patients who relapse biochemically in the absence of symptomatic or radiographic disease represent a unique treatment opportunity. The tumor burden is low and the 
disease has been exposed only to limited prior therapy. However, care should be taken to distinguish those factors that contributed to the failure of local therapy, as 
shown in Table 50-8. These elements include demographic data such as the patient's family history and race, the original stage of the tumor, the pretreatment 
likelihood of relapse, the nature of the surgery (if performed) and the pathologic findings, and the dose and type of radiation (pelvic vs. three-dimensional conformal 
with or without beam modulation).

TABLE 50-8. CLINICAL TRIAL DESIGN FOR PATIENTS WITH A RISING PROSTATE-SPECIFIC ANTIGEN (PSA) ONLY

Outcome measures are limited in this clinical scenario. The only evidence that these patients have cancer is by virtue of an abnormal marker, and, therefore, the 
efficacy of a new agent is defined by the modulation of that marker. As discussed earlier, some agents may, in the face of an antitumor effect, stimulate PSA 
expression. However, in a population with no disease-related symptoms and no assessable disease other than the PSA, it is difficult to know whether a drug that 
appears to promote PSA expression should be abandoned. Knowledge of the mechanism of the drug, the biologic role of the targeted pathway, and preclinical data 
should be applied, but all effects obviously cannot be predicted a priori. This again underscores having a clinically significant end point, such as progression-free 
survival or overall survival, early in the sequence of trials.

Metastatic Disease (Detectable Tumor on Imaging Studies)

There are multiple routes to clinically detectable disease. Some patients have extensive involvement at diagnosis and others develop it after a rising PSA. In some 
cases, metastases arise without a change in PSA. Regardless of the path or the time to clinically detectable metastases, once they are identified, the disease has 
progressed to the point in which the overwhelming cause of death is cancer and not co-morbid conditions ( 64).

Patients with metastatic disease can be divided into two groups: those who are newly diagnosed and have noncastrate levels of testosterone and those who are 
androgen independent and have castrate testosterone serum concentrations. It is the latter that has classically served as the testing ground for new drug 
development, as these patients have the fewest treatment options. No therapeutic strategy for this group has significantly improved survival. However, even patients 
who have noncastrate levels of testosterone should be candidates for new treatments as (a) responses to hormonal treatments are generally short-lived, (b) hormonal 
treatments are associated with significant morbidity, and (c) it is unclear whether deferral of hormonal treatments is of disadvantage to the patient.

Therapy for patients who have noncastrate levels of testosterone has the potential to delay the emergence of androgen independence and to enhance the response 
rates of existing hormonal treatments. The advantages of treating patients who are androgen dependent are (a) the androgen receptor axis is naïve, (b) tumor 
exposure to prior treatments is minimal, as may be resistance, and (c) PSA and radiographic evidence of disease may be used to assess response. Treatment in this 
setting is directed at delaying the need for hormonal therapy by using drugs that act via mechanisms other than mediation through the androgen receptor or, if 
hormonal therapy has already been instituted, prolonging the period of responsiveness to hormonal treatments. As shown in Table 50-9, assessments of the success 
or failure of these strategies can be measured by changes in the PSA, pathologic assays of targeted pathways, radiographic and scintigraphic manifestations of 
disease, and symptoms.

TABLE 50-9. CLINICAL TRIAL DESIGN FOR PATIENTS WITH METASTATIC DISEASE (NONCASTRATE LEVELS OF TESTOSTERONE)



The median survival after the documentation of androgen-independent metastatic disease is 9 to 12 months. For these patients, the overwhelming considerations are 
to control disease-related symptoms, prevent their occurrence or recurrence, and prolong life. As such, outcome measures in early trials can include changes in 
clinical symptoms; measurable disease, if present; improvements on bone scans; biochemical markers; and targeted biologic pathways, depending on the therapy, as 
shown in Table 50-10. End points for later trials assess disease-free survival, overall survival, and quality of life. These patients have few treatment alternatives and a 
limited expected survival after the establishment of androgen independence. They are also the most difficult patients to treat, as they often have a substantial burden 
of disease, may have been extensively pretreated, and may have a significantly impaired performance status.

TABLE 50-10. CLINICAL TRIAL DESIGN FOR PATIENTS WITH CLINICAL METASTATIC DISEASE (CASTRATE LEVELS OF TESTOSTERONE)

An essential component of the therapeutic approaches currently under evaluation is an understanding of the molecular and phenotypic differences that exist between 
a tumor that is proliferating in the primary, as opposed to the metastatic, site. These changes involve multiple genetic events and occur in parallel with the evolution of 
androgen independence. Pathways or mutations that are not significant in the growth of an androgen-dependent primary tumor may indeed be critical to 
androgen-independent metastatic growth, and vice versa. For example, p53 alterations have a higher frequency in androgen-independent metastases compared to 
hormone-naïve primary tumors (66). Similarly, progression to androgen independence is associated with an increase in the proportion of cells that express bcl-2 ( 67). 
Preliminary data show that the frequency of mutations increases as prostate cancers become resistant to androgen ablation ( 68,69,70,71 and 72). The results suggest 
that functionally significant mutations can be identified in human material ( 73), whereas recent results show that the specific alterations influence sensitivity to 
treatment (74). Most reports have evaluated cell lines, primary tumors, or regional lymph nodes removed during the performance of a radical prostatectomy; few 
studies evaluate distant metastases before or after androgen deprivation.

Recent work has shown that among the mechanisms associated with the development of androgen independence are continued signaling through a functional but 
altered androgen receptor, ligand-independent activation of the receptor by receptor tyrosine kinase–signaling molecules, inhibition of apoptosis, and the increased 
expression of markers of drug resistance.

Therefore, to understand the role of biologic therapies in the treatment of metastatic disease, it is important to (a) characterize the status of the pathway being 
targeted (e.g., mutations, overexpression, and others), (b) define the sensitivity and specificity of the technique used, and (c) establish the impact of that drug on the 
pathway. As many of these agents may be dosed according to optimal biologic dose and not maximum tolerated dose, validating biologic activity is critical to 
advancing a drug through development. Although biologic end points have yet to be shown to predict for clinical outcome (and in particular, survival), they are 
indicators that an approach is at least capable of inducing an in vivo biologic change, a necessary initial step before conducting trials with end points of 
time-to-progression, disease-free survival, or overall survival.

CONCLUSION

Clinical trial design in prostate cancer is at a crossroads. A greater understanding of the molecular basis of prostate cancer has led to the introduction of a variety of 
new biologic agents in the clinic. New treatment opportunities, which were previously inappropriate given the limited efficacy and significant morbidity associated with 
available treatments, are now being considered. Now more than ever, investigators are faced with the challenge to rationally apply these strategies.

Trial design requires an a priori defined rationale and aim, eligibility criteria that ensure that the treatment population reflects the goals of the trial, an intervention, and 
end points that provide an assessment of whether the intervention is inducing a response. These elements are complicated by the unique manner in which prostate 
cancer is manifest and the variability in the need to treat the disease at various junctures in the natural history. Furthermore, phase II end points may have no bearing 
on appropriate designs for phase III trials, which has led us to propose that phase III questions be asked earlier in the drug development process through a modified 
phase II design. The elements of the clinical trial are variables defined by disease state and clinical context, as each state represents a discreet treatment opportunity. 
Finally, the basic understanding of the molecular pathways that distinguish one disease state from another must be advanced.
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INTRODUCTION

For more than 50 years, androgen ablation has been standard treatment for patients with metastatic prostate cancer. Despite an initial response to medical or surgical 
castration, disease progression to an androgen-independent state occurs in the majority of patients. Secondary and tertiary hormonal manipulations provide a brief 
palliative response in 30% to 40% of patients, followed by progression to a truly hormone-refractory state. Studies have not been able to fully elucidate the sequence 
of events leading to androgen independence, but the surviving cells are thought to be resistant to standard cytotoxic chemotherapies. This premise is supported by 
the lack of activity seen in clinical trials of patients with androgen-independent prostate cancer (AIPC). In one review of 26 trials reported between 1987 and 1991, 
only 8% of 1,683 patients with AIPC treated with chemotherapy achieved a complete or partial remission ( 1). Based on these data, many physicians have questioned 
the role of systemic therapy in the treatment of androgen-independent disease and have recommended palliative care as the patient's best and only treatment option.

Before 1990, the majority of the patients entered on clinical trials for advanced prostate cancer was symptomatic, had large tumor burdens and overall had a poor 
performance status (Table 51-1). Given the strong correlation between advancing age and prostate cancer, it is not surprising that many patients with prostate cancer 
have significant co-morbid diseases. Dramatic improvements in medical care over the past decade have increased the number of elderly patients with prostate cancer 
eligible to receive chemotherapeutic treatment. This, coupled with the widespread use of prostate-specific antigen (PSA) and further improvements in imaging in the 
past decade, has significantly changed the profile of patients with advanced metastatic prostate cancer. The majority of patients who present today has minimal 
disease with few symptoms attributable to their prostate cancer. They now often have a good performance status and few, if any, co-morbid conditions that would limit 
their treatment options. To date, no randomized trial of chemotherapy in patients with AIPC has demonstrated a survival benefit, although recent trials have 
demonstrated clinical benefit using a range of end points, including measures of tumor regression and improvements in quality of life (QOL). Furthermore, the 
antitumor activity of contemporary combination regimens suggests that AIPC is not as resistant to chemotherapy as previously believed. This chapter reviews the 
improvements in prostate cancer clinical trial methodology adopted since 1990 and the results of contemporary systemic therapy for patients with progressive AIPC.

TABLE 51-1. ADVANCED PROSTATE CANCER: CHANGING LANDSCAPE

PROGRESS IN PROSTATE CANCER CLINICAL TRIAL METHODOLOGY

Data obtained from prospective randomized trials remain the gold standard in the evaluation of promising new therapies ( 2). Given the time and expense required to 
complete such trials, only a limited number of those treatments with activity in the phase II setting will ultimately be evaluated in definitive randomized studies. 
Therefore, to efficiently select those regimens with the greatest promise, rigid entry criteria and reproducible measures of outcome are required for screening phase II 
studies.

The development of effective systemic therapy for AIPC has long been hindered by an osseous pattern of disease progression that precludes the use of traditional 
phase II end points. In contrast to many solid tumors, fewer than 30% of patients with AIPC develop bidimensionally measurable disease that can be quantitated on 
computed tomography or magnetic resonance imaging scans (3). In response, many early investigators restricted clinical trial entry to patients with measurable 
soft-tissue disease, despite the realization that objective responses in this small subset of patients did not necessarily predict for activity in patients with bone-only 
disease (4,5).

Pain and fatigue are the two most common disease-associated symptoms in patients with AIPC who are candidates for systemic therapy. With the goal of identifying 
therapies that provide palliative benefit, pain and QOL measures were developed and incorporated into phase II trial designs ( 6). The impact of these instruments is 
evident in their selection as the primary study end point in several large prospective randomized trials ( 7,8). With the widespread adoption of PSA, these measures of 
outcome have become less applicable, as the majority of patients now presents without disease-associated symptoms or minimal radiographic disease.

PSA is elevated in more than 90% of patients with AIPC, and posttherapy decline in PSA has been proposed as a mechanism to screen novel cytotoxic agents. In a 
multivariate analysis of 254 AIPC patients treated at Memorial Sloan-Kettering Cancer Center, a posttherapy decline in PSA levels of 50% or greater achieved at 8 or 
12 weeks was a statistically significant factor associated with survival ( 9). Several groups have shown similar findings and have refined our understanding of the 
dynamics of posttherapy PSA change in this population ( 10,11 and 12). For example, Vollmer et al. demonstrated that the log and average velocity of PSA change 
significantly correlated with survival, further supporting the use of PSA as a marker of clinical benefit ( 12).

To better define the minimal criteria for eligibility and response parameters for phase II clinical trials in androgen-independent disease, a consensus conference 
sponsored by the National Cancer Institute was convened to formulate guidelines ( 13). The purpose of this meeting was to develop a common approach to analyzing 



and reporting the outcomes of clinical trials by agreeing on definitions and values for a minimum set of parameters for eligibility and posttherapy changes in PSA 
(Table 51-2). Before trial enrollment, it was recommend that all patients demonstrate disease progression after the withdrawal of an antiandrogen. In reporting 
outcomes, no overall response categories were recommended, but the posttherapy changes in PSA, objective measurable disease, and osseous disease were to be 
evaluated individually. A PSA decline of at least 50% from baseline confirmed by a second PSA determination at a minimum of 4 weeks apart without other evidence 
of clinical or radiographic progression was defined as the minimum accepted PSA response criteria ( 13). A 25% increase in the PSA from baseline or nadir value was 
acceptable criteria for establishing disease progression. For patients who had measurable disease on computed tomography scan or magnetic resonance imaging 
scan, the traditional phase II criteria for evaluating objective disease response was recommended. The panel also recognized that some agents might produce 
changes in serum PSA independent of changes in tumor burden ( 14). One such example was the differentiating agent all- trans-retinoic acid (15). This agent often 
produces an initial rise in serum PSA that may be misinterpreted as “treatment failure.” Given the large number of novel biologic agents entering early clinical trials, 
novel methods of assessing treatment response, such as positron emission tomography, may be required.

TABLE 51-2. GUIDELINES FOR PHASE II CLINICAL TRIALS IN ANDROGEN-INDEPENDENT PROSTATE CANCER

The appearance of a new lesion on bone scan is universally accepted as evidence of disease progression. In contrast, serial bone scans are limited in their ability in 
assess treatment-associated improvements in preexisting bone lesions. Reproducible methods to quantify changes on serial radionuclide scans have not been 
established and were not part of the response criteria in this consensus conference ( 13). Imbriaco et al. have developed a reproducible parameter for quantitative 
assessment of bone involvement in patients with AIPC (16). The system assigns a bone scan index (a distinct value) that quantitates the amount of osseous disease. 
The bone scan index has been demonstrated to be an independent prognostic factor in AIPC and can be used to monitor serial changes in osseous metastatic 
disease (17). Widespread adoption of this technique has been limited by the time necessary to perform the analysis. Computer automation will be needed before the 
widespread application and incorporation of this technique into clinical trials.

The recommendations of the Prostate-Specific Antigen Working Group were general, but the conference has given investigators a common platform to standardize 
clinical trial design and the reporting of response data. These guidelines are still evolving and will need further refinements as novel agents are developed for this 
disease.

MONOTHERAPY TRIALS IN PATIENTS WITH ANDROGEN-INDEPENDENT PROSTATE CANCER

Table 51-3 reports the objective and, when applicable, PSA response data from selected single-agent studies of patients with AIPC reported over the past decade. 
The majority of the agents demonstrated modest activity with objective responses in fewer than 15% of patients. However, few used currently accepted criteria for 
assessing PSA response, making comparisons between trials difficult. The greatest activity has been noted with anthracyclines and cytoskeletal targeting agents, 
such as estramustine, the vinca alkaloids, and taxanes (18,19 and 20). Limited activity has also been reported with the platinum compounds, mitomycin C, and 
cyclophosphamide (21,22 and 23).

TABLE 51-3. CONTEMPORARY CLINICAL TRIALS WITH SINGLE AGENTS

Despite these historically disappointing results, the recently reported trial of single-agent docetaxel allows for cautious optimism ( 20). Using an every 3-week 
schedule, objective responses were noted in 28% of patients and posttherapy PSA declines of 50% or greater were noted in 46% of patients. Therapy was generally 
well tolerated and toxicity acceptable. These results have prompted further study of this agent alone and in combination.

COMBINATION CHEMOTHERAPY FOR ANDROGEN-INDEPENDENT PROSTATE CANCER

In contrast to the limited activity of single-agent chemotherapy in AIPC, several combination regimens have demonstrated significant palliative benefit and antitumor 
effects in patients (Table 51-4). Most of these combination regimens are based on the anthracycline derivatives and cytoskeletal-targeting agents.

TABLE 51-4. CONTEMPORARY COMBINATION CHEMOTHERAPY TRIALS IN ANDROGEN-INDEPENDENT PROSTATE CANCER



Anthracycline-Based Regimens

Doxorubicin Combinations

Trials of single agent doxorubicin performed in the pre–PSA era demonstrated only modest palliative benefit. One trial reported by Rangel et al. randomized patients 
to weekly doxorubicin in combination with prednisone or prednisone alone ( 18). Toxicity was minimal, and significantly more subjective responders were noted in the 
doxorubicin arm, but overall survival was not prolonged.

Doxorubicin and cyclophosphamide combinations have been evaluated by a number of investigators. The Hoosier Oncology Group compared cyclophosphamide to 
the combination of cyclophosphamide, doxorubicin, and methotrexate in a randomized phase III trial ( 24) (Table 51-5). Toxicity was tolerable and primarily 
hematologic. Overall results were disappointing, with only four patients demonstrating a response [three partial responses (PRs) in the combination arm, one PR in 
the cyclophosphamide arm]. No differences in overall survival or time to disease progression were noted between the single-agent cyclophosphamide and 
combination arms.

TABLE 51-5. CONTEMPORARY RANDOMIZED TRIALS IN PATIENTS WITH ANDROGEN-INDEPENDENT PROSTATE CANCER

More recently, Small et al. studied doxorubicin in combination with dose-escalated cyclophosphamide ( 25). Patients were treated with doxorubicin at a dose of 40 mg 
per m2 every 21 days while the dose of cyclophosphamide was escalated from 800 to 2,000 mg per m2. All patients were supported with granulocyte colony-stimulating 
factor. Five of 15 (33%) patients with bidimensionally measurable disease had an objective response, and three patients with bone-only disease had an improvement 
on bone scan. A posttherapy PSA decline of 50% or greater was seen in 46% of the patients. Toxicity with this regimen was primarily hematologic, with 33% of all 
cycles resulting in grade 4 neutropenia. This study established that cyclophosphamide could be escalated safely in this population; however, higher doses of 
cyclophosphamide did not clearly translate into greater clinical activity.

Several investigators have evaluated doxorubicin in combination with 5-fluoruracil and mitomycin C ( 26,27). Laurie et al. reported on a randomized comparison of 
5-fluoruracil, doxorubicin, and mitomycin C and the same three agents administered sequentially at the time of disease progression ( 27). A minimal improvement in 
median survival of questionable clinical significance (1.1 months, p = .025) was noted in the combination arm; however, toxicity with the 5-fluoruracil, doxorubicin, and 
mitomycin C arm was significant, with 91% of the patients developing severe leukopenia and 21% developing severe thrombocytopenia. The excessive toxicity and 
minimal improvement in survival limited the used of this regimen to the clinical trial setting.

Based on the demonstration of preclinical synergy between doxorubicin and the antifungal agent ketoconazole, Sella et al. studied this combination in patients with 
AIPC (28). Daily, continuous ketoconazole was combined with doxorubicin administered on a weekly 24-hour infusion schedule. A posttherapy decline in PSA of 50% 
or greater was noted in 21 of 38 (55%) assessable patients. Seven out of 12 (58%) patients with bidimensionally measurable disease had a PR. Despite limiting the 
total dose of doxorubicin to 400 mg per m2, significant adverse events were seen with two patients dying of sudden cardiac death and an additional 45% requiring 
hospitalization for treatment-associated complications. Clinically apparent adrenal insufficiency resulting from the high-dose ketoconazole occurred in 63% of 
patients. Eleven patients (29%) developed a syndrome of grade III or IV acral erythema of the palms and soles accompanied by stomatitis and often anal and urethral 
mucositis.

Mitoxantrone Combinations

Many consider the combination of mitoxantrone plus a corticosteroid as a treatment standard for patients with symptomatic AIPC. This conclusion is based on a 
prospective randomized trial demonstrating a palliative benefit of mitoxantrone and prednisone when compared to prednisone alone ( 7). Although no survival benefit 
was noted, this study represented a milestone in this disease, as it was the first to demonstrate a clear role for chemotherapy in the treatment of patients with 
symptomatic androgen-independent disease.

In this Canadian multiinstitutional randomized trial, entry was restricted to patients with symptomatic AIPC, and the primary study end point was a palliative response 
as indicated by a reduction in pain ( 7). A response was defined as a 2-point reduction in pain as assessed by the 6-point McGill-Melzack Pain Questionnaire (or 
complete loss of pain if initially 1+) maintained for a minimum of 3 weeks ( 7,29). Secondary end points included a 50% or greater reduction in analgesic use without 
an increase in pain, duration of response, and survival. QOL measures were also evaluated. Although no survival difference was found, an increased proportion of 
patients treated with the combination reported a decrease in pain (29% vs. 12%, p = .01). Duration of palliation was also longer in the chemotherapy arm (median 43 
vs. 18 weeks, p <.0001). Toxicity was primarily hematologic, and nausea and alopecia were minimal with this regimen. Five patients treated with cumulative doses of 
116 to 214 mg per m2 developed possible cardiac toxicity. In two of these five cases, symptomatic congestive heart failure developed.

A second randomized trial of mitoxantrone plus hydrocortisone or hydrocortisone alone was recently reported by the Cancer and Leukemia Group B (CALGB) ( 30). In 
this study, survival was the primary end point, and entry was not restricted to symptomatic patients only. Secondary end points included time to disease progression, 
time to treatment failure, response rate, and QOL. No statistically significant difference in overall survival between the two treatment arms was reported. Median 
survival was 12.3 months and 12.6 months for the hydrocortisone plus mitoxantrone and hydrocortisone only arms, respectively. Time to disease progression and the 
time to treatment failure favored the combination of mitoxantrone and hydrocortisone (3.7 months vs. 2.3 months, p = .25), but there was no difference in response 
based on improvements in objective disease or posttherapy decline in PSA 4 to 8 weeks after the initiation of therapy. The time to PSA nadir was longer than initially 
predicted and, in a post hoc analysis, a greater percentage of patients in the mitoxantrone arm had a 50% or greater maximum reduction in PSA (38% vs. 22%, p = 
.008). Furthermore, patients who achieved a 50% or greater or an 80% or greater decline from baseline had a longer median survival duration than those that did not 
(20.5 months vs. 10.2 months). In the QOL analysis, a trend for improved pain control for mitoxantrone plus hydrocortisone, compared to hydrocortisone, also did not 
reach statistical significance.

Although the CALGB study did not confirm the findings of the Canadian investigators, this may have been the result of differences in the primary study objectives and 
patient selection. In the Canadian study, pain was the primary end point and a prerequisite for entry into the study ( 7). In contrast, only one-third of the patients 
enrolled in the CALGB trial required analgesics at the time of study entry ( 30). In addition, there were differences in the QOL instruments used, and many patients in 
the CALGB study were not compliant in completing the QOL questionnaires. Overall, these trials suggest that mitoxantrone plus prednisone has clinical benefit in 
selected symptomatic patients with AIPC, and further studies of mitoxantrone-based combinations are warranted.

Cytoskeleton Agents: Estramustine-Based Regimens

Estramustine phosphate (EMP) consists of estradiol with a phosphate group at the C17 position covalently linked to nitrogen mustard by a carbamate ester bond ( 31). 
EMP was initially developed with the expectation that the estrogen moiety would target the molecule to tumor cells, and the nitrogen mustard would be cleaved inside 
the cell, resulting in the activation of this alkylating agent. Only later was it demonstrated that the carbamate ester bond is resistant to cleavage in vivo. An antimitotic 
mechanism of action has since been demonstrated in vitro and in vivo (32). EMP binds to microtubule assembly proteins, causing microtubule disassembly, mitotic 



block, and eventual cell death (33,34). This mechanism is distinct from other microtubule-targeted agents, such as the vinca alkaloids and taxanes, which both bind to 
tubulin (35). The taxanes bind directly to polymerized tubulin to promote microtubule assembly and stabilize microtubules from depolymerization. These stabilized 
microtubules lose their normal dynamic reorganization properties, resulting in a loss of function and cell death ( 35).

Nontaxane Estramustine Phosphate Combinations

Based on observed synergy in vitro, several groups investigated the combination of estramustine and vinblastine in patients with AIPC ( 36). The combined results of 
three phase II trials demonstrated that a significant decline in PSA can be achieved in more than half of patients (56%, 46 of 82), and approximately one-third of the 
patients will have measurable disease regression (complete response or PR) ( 37,38 and 39). Peripheral edema and nausea are the most common adverse effects.

These studies were followed by a randomized comparison of EMP plus vinblastine and vinblastine in 193 patients with hormone-refractory disease ( 40). The primary 
study end point was survival. Although no statistically significant overall survival benefit for the combination was reported, a trend in favor of the EMP plus vinblastine 
arm was detected (11.9 months vs. 9.2 months, p = .08). For patients treated with the combination, there was a significant improvement in the time to progression (3.7 
Months vs. 2.2 months, p <.001); a greater proportion of patients achieved measurable disease regression (18% vs. 6%); and more patients had a 50% or greater 
posttherapy decline in PSA (25% vs. 3.2%, p <.0001). Patients treated with estramustine and vinblastine experienced significantly less granulocytopenia, suggesting 
that EMP may have a marrow-protecting effect. Nausea and peripheral edema, as expected, were more common in the estramustine arm.

Etoposide, a topoisomerase II inhibitor that acts at the level of the nuclear matrix, has been combined with EMP with promising results. Although single-agent oral 
etoposide demonstrated only minimal palliative benefit in a study by Hussain et al., a preclinical laboratory study suggested synergistic antitumor effects when 
etoposide was combined with estramustine (41,42). Pienta and Lehr demonstrated binding of estramustine to the nuclear matrix, the RNA-protein network of the 
nucleus hypothesized to play an important role in DNA replication and gene expression ( 42). Furthermore, EMP and etoposide appeared to act synergistically to 
inhibit tumor growth in the Dunning rat prostate cancer model ( 42).

In a study of 42 patients with AIPC reported by Pienta et al., the combination of daily oral EMP and etoposide demonstrated significant activity ( 43). Nine of 18 
patients (50%) with measurable soft-tissue disease demonstrated a complete (three) or partial (six) response. Of 24 patients with bone-only disease, six (25%) 
demonstrated an improvement on bone scan. Twenty-two of 42 (53%) had posttherapy declines in PSA of 50% or greater, and 21% had declines of 75% or greater. 
Nausea and hematologic toxicity, however, were significant. In total, 25% of the patients required a reduction in etoposide dose as a result of grades 3 or 4 
leukopenia, and two patients withdrew from the study within 2 weeks of registration due to persistent nausea and vomiting. Five patients developed neutropenic fever 
and one died of complete bone marrow failure 12 weeks after beginning therapy. Four patients also developed deep venous thrombosis. In summary, although this 
active and easily administered oral regimen has gained some popularity, toxicity has limited its widespread adoption.

Based on the promising activity of estramustine and vinblastine and estramustine etoposide combinations, Colleoni et al. studied the three-drug combination of 
estramustine, etoposide, and the newer semisynthetic vinca alkaloid vinorelbine ( 44). Fourteen of 25 (56%) treated patients had a 50% or greater decline in PSA. PRs 
were also noted in two patients with measurable soft-tissue disease, and six patients demonstrated an improvement in osseous disease on serial bone scans. In 
contrast to the report by Pienta et al., toxicity was mild with this regimen, with only 12% developing grade III or IV neutropenia. This difference in toxicity profile may 
have been attributable to the reduced duration of etoposide treatment (14 of 56 days per cycle vs. 21 of 28 days) ( 43,44).

Combinations of EMP and the anthracyclines doxorubicin and epirubicin have also been reported ( 45,46). Combining daily oral estramustine and epirubicin 
administered on an every 3-week schedule, Hernes et al. reported a 50% or greater reduction in PSA in 13 of 24 (54%) patients and subjective improvement in 7 of 24 
patients (45). No objective responses were seen. Of note, no correlation between PSA decline and subjective improvement was detected in this study. Adverse effects 
included nausea, gynecomastia (50%), and hematologic toxicity (42% with grade 3 or 4). One patient developed deep venous thrombosis, one developed 
cardiomyopathy, and two developed grade 2 arrhythmia. Culine et al. reported on the combination of daily oral estramustine and weekly doxorubicin ( 46). In this 
phase II study, 18 of 31 patients with AIPC had a 50% or greater decline in PSA and 5 of 11 (45%) patients with bidimensionally measurable disease achieved a PR 
in liver or retroperitoneal lymph nodes ( 46). Twelve (38%) patients who received at minimum 4 weeks of therapy experienced grade 3 or 4 neutropenia. Two 
developed febrile neutropenia, and one died of septic shock. Two patients had deep venous thrombosis requiring anticoagulant therapy, and one patient had grade 3 
hepatic toxicity. No patients developed congestive heart failure.

A unique approach to combining estramustine with an anthracycline was pursued by investigators from the M. D. Anderson Cancer Center ( 47). Two active regimens, 
estramustine plus vinblastine and doxorubicin plus ketoconazole, were alternated weekly ( 47). Patients were treated with doxorubicin and ketoconazole weeks 1, 3, 
and 5 and estramustine plus vinblastine weeks 2, 4, and 6. Thirty-one of 46 (67%) patients had a 50% or greater posttherapy decline in PSA, and 12 of 16 (75%) had 
measurable disease regression. The median duration of response was 8.4 months (range, 1.8 months to 14.9 months), with a median duration of response after 
discontinuation of chemotherapy of 4.2 months. Therapy was well tolerated, but, as with most estramustine-based combinations, peripheral edema (49%), deep 
venous thrombosis (18%), and cardiac events (4%) were prominent and dose limiting in some cases.

Estramustine Phosphate–Taxane Combinations

The activity of the taxanes in several diverse solid tumors prompted the preclinical and clinical evaluation of these agents in AIPC. Paclitaxel binds to tubulin and 
interferes with the depolymerization of microtubules necessary to complete cell division. Cells treated with paclitaxel are arrested in the M-phase of the cell cycle and 
ultimately undergo apoptosis. The initial phase II study of paclitaxel in AIPC was performed by the Eastern Cooperative Oncology Group using a 24-hour continuous 
infusion schedule every 21 days ( 48). In this trial, only 1 of 23 patients (4.3%) experienced a PR lasting 9 months. Four other patients had radiographically stable 
disease and declines in PSA of 16% to 24%. Marrow toxicity was dose limiting, with 74% of patients developing grades III or IV leukopenia and 26% developing 
neutropenic fever. Of further concern, three patients developed sudden cardiovascular events during or shortly after completing therapy. One was a nonfatal 
myocardial infarction during paclitaxel infusion in a patient who died of progressive prostate cancer 4 months later. The other two were sudden deaths occurring within 
1 month of the last paclitaxel treatment.

These results may have limited further evaluation of this agent in AIPC, had preclinical laboratory data not suggested synergy with estramustine ( 35). Speicher et al. 
studied the combination of paclitaxel and estramustine using estramustine-resistant and wild-type androgen-independent DU145 human prostatic carcinoma cell lines 
(35). In the estramustine-resistant and wild-type cells, synergistic antitumor effects were noted with the combination of estramustine and paclitaxel. In contrast, 
evidence of synergy was not found with the combination of paclitaxel and vinblastine, another microtubule-targeting drug. Furthermore, taxanes and EMP have 
nonoverlapping toxicities, suggesting that the combination of these agents may be clinically useful.

Hudes et al. studied the combination of estramustine and paclitaxel using a 96-hour continuous infusion paclitaxel schedule in combination with daily oral 
estramustine (49). Significant activity was noted with this combination as measured by posttherapy decline in PSA and reductions in measurable disease. In total, 
53% (9 of 32) and 28% of patients with an elevated PSA before treatment had 50% or greater and 80% or greater declines in PSA, respectively. Four of nine patients 
with measurable disease had a complete response or PR. Nausea, leukopenia, fluid retention, and fatigue were the major adverse effects. Thrombotic complications 
occurred in three patients. All three developed subclavian thromboses associated with a central venous catheter. One patient also developed a cerebrovascular 
thrombosis during therapy.

In an effort to improve the efficacy and toxicity profile of this combination, three drug combinations and shorter infusion schedules of paclitaxel have been 
investigated. A study combining oral estramustine and etoposide for 7 days with a 1-hour infusion of paclitaxel every 21 days was reported by Smith et al. ( 50). In this 
study, 26 of 40 patients demonstrated a 50% or greater posttherapy decline in PSA, and 45% of assessable patients with bidimensionally measurable disease had 
disease regression. The primary toxicity was hematologic. The study also assessed the Functional Assessment of Cancer Therapy–Prostate, which showed there was 
no significant change in QOL as a result of the therapy.

In a multiinstitutional study, weekly paclitaxel was evaluated in combination with estramustine and monthly carboplatin ( 51). This regimen was active and well 
tolerated, with 67% of patients demonstrating a 50% or greater posttherapy decline in PSA. Forty-five percent of the patients showed regression in measurable 
disease and four patients had resolution of bone lesions on serial radionuclide scans that were accompanied by an improvement in the bone scan index. The overall 
median time to progression was 21 weeks, with a median survival of 19.9 months. The regimen was well tolerated, with the most common toxicities being low-grade 
nausea (77%) and deep vein thrombosis (21%). Significant leukopenia, thrombocytopenia, and peripheral neuropathy were not observed.

Docetaxel is a semisynthetic taxane that has significant single-agent activity in AIPC ( 20). Consistent with the results reported for paclitaxel, docetaxel has been 



studied in combination with estramustine with promising early results. Petrylak et al. reported the results of a phase I study of docetaxel and estramustine ( 52). 
Docetaxel was administered every 21 days and estramustine was administered on days 1 through 5 of each cycle. Patients were stratified into minimally pretreated 
and extensively pretreated groups. The recommended dose of docetaxel was 70 mg per m2 in the minimally pretreated group and 60 mg per m2 in the extensively 
pretreated group. Overall, 63% of the patients had a 50% or greater posttherapy decline in PSA, and 40% of the patients had an 80% or greater decline. Five of 18 
(28%) patients with bidimensionally measurable disease achieved a PR. More than half of the patients who were on narcotic analgesics before treatment were able to 
discontinue their pain medications. Fluid retention, grade 3 or 4 neutropenia without neutropenic fever, and nausea were the major toxicities. In contrast to other 
estramustine-based combinations, the incidence of deep venous thrombosis was only 8.8% in this trial. This may have been the result of the reduced duration of 
estramustine treatment during this regimen. Although survival data from phase I studies need to be interpreted with caution, the median survival of 22.8 months 
reported with this regimen was far in excess of the 10- to 12-month median survival reported in contemporary randomized studies of AIPC. Further evaluation of this 
regimen will be required to confirm these findings.

Kreis et al. reported the results of a phase I study of continuous oral estramustine and docetaxel administered every 3 weeks ( 53). Of 17 treated patients, 14 (82%) 
had significant posttherapy declines in PSA. Leukopenia and fatigue were the dose-limiting toxicities in this study. Preliminary results from a multiinstitutional CALGB 
phase II study of estramustine, docetaxel, and low-dose hydrocortisone are consistent with the results reported by Petrylak et al. and Kreis et al., suggesting 
significant antitumor activity with this combination ( 54).

The data available do not allow for a direct comparison between the two taxanes, paclitaxel and docetaxel, in the treatment of AIPC. Laboratory studies have detected 
differences in nontubulin binding between paclitaxel and docetaxel, suggesting that clinically significant differences may exist ( 55). As an example, docetaxel 
treatment of prostate cancer cell lines results in increased phosphorylation and inactivation of the antiapoptotic protein bcl-2 in comparison to paclitaxel treatment 
(55). Whether these nonmicrotubule targets of paclitaxel and docetaxel are relevant in vivo will require further study. Given the high level of activity reported by Picus 
et al. for single-agent docetaxel, further study is also needed to determine the added benefit of EMP when combined with this agent and whether the additional benefit 
outweighs the added toxicity of EMP (20).

In summary, EMP-based combination regimens have significant antitumor activity in patients with AIPC. Despite these early results, randomized phase III trials will be 
required to confirm these promising results and to establish the role of estramustine and taxane-based therapies in the treatment of patients with advanced prostate 
cancer.

THE SURAMIN EXPERIENCE

Suramin is a polysulfonated naphthylurea with a diverse range of proposed antitumor effects, including the modulation of soluble polypeptide growth factors ( 56). The 
development of suramin as a treatment for AIPC illustrates many of the pitfalls that may arise in the development of effective agents for the treatment of this disease. 
Interest in suramin as a treatment for AIPC began more than a decade ago with a report by Myers et al. of major antitumor responses in four of eight patients with 
measurable disease and significant PSA declines in 7 of 11 patients treated with continuous infusion suramin ( 57). Of particular interest was the durability of several 
of the reported responses. These findings sparked several additional studies of suramin in AIPC using a variety of intermittent and continuous dosing schedules. One 
study by Eisenberger et al. using an intermittent infusion schedule reported measurable disease regressions in 6 of 12 cases and a more than 50% decline in PSA in 
24 of 31 patients (77%) (58). Several other studies noted much lower response proportions ( 56). A direct comparison between the various phase II studies was 
confounded by significant differences in patient selection and the wide diversity of treatment schedules used.

In retrospect, although suramin has clinically meaningful activity in a subset of patients with AIPC, patient selection and differences in the criteria used to assess PSA 
response likely accounted for the wide range of response rates reported in several of the early phase I and II studies. In addition to differences in disease burden and 
the extent of previous treatment, confounding variables common to all solid tumors, several characteristics unique to AIPC merit further discussion. At the time of the 
initial suramin studies, the flutamide withdrawal syndrome had not been characterized ( 59). It is now well established that meaningful disease regression can occur on 
the withdrawal of antiandrogen therapy ( 59). A significant proportion of patients enrolled on the initial phase I and II trials of suramin had previously received an 
antiandrogen, and androgen withdrawal may have accounted for a percentage of the responses noted. Furthermore, the need for glucocorticoid supplementation to 
address the adrenal inhibitory effects of suramin represents a further potentially confounding variable. As a significant number of patients with AIPC will have a 
response to second-line hormonal manipulations, a proportion of the benefit derived by patients treated with the combination may have been attributable to the 
hydrocortisone.

To account for the confounding effects of androgen withdrawal and corticosteroid therapy, a perspective trial of suramin was performed at Memorial Sloan-Kettering 
Cancer Center in which patients did not receive suramin until disease progression after withdrawal of flutamide and, later, hydrocortisone alone ( 60). In this trial of 30 
patients, suramin had only limited clinical activity in patients who had progressed on hydrocortisone ( 60). No objective responses were noted, and only 18% of 
patients demonstrated a greater than 50% decline in PSA.

Recently, the results of two large randomized trials of suramin in AIPC were reported ( 8,61). Small et al. published the results of a double-blind placebo-controlled 
randomized comparison of suramin plus hydrocortisone versus placebo plus hydrocortisone in patients with painful bone metastases necessitating opioid analgesics 
(8). Posttherapy changes in pain and opioid use were the primary end points. For this trial, a 5-day loading schedule of suramin was followed by twice weekly 
infusions for 2 weeks and then weekly infusions during weeks 4 through 12. The study demonstrated moderate palliative benefit, with a greater proportion of patients 
in the suramin arm reporting a pain response. A modest delay in disease progression without survival benefit was also noted. A higher proportion of patients (33% vs. 
16%, p = .01) in the suramin arm had a greater than 50% decline in PSA. Crossover to open-label suramin at the time of disease progression was allowed and 
occurred in 71.3% of the patients randomized to the placebo arm.

The Intergroup led by the CALGB recently reported preliminary results of a three-arm randomized phase III trial designed to assess suramin dose escalation ( 61). 
Patients were randomized to receive low- (3.19 g per m2), intermediate- (5.32 g per m2), or high-dose (7.66 g per m2) suramin administered on days 1, 2, 8, and 9 of a 
28-day cycle for three cycles (61). Although dose escalation resulted in an increase in the proportion of patients with an objective response or a PSA decline of 50% 
or greater, these trends did not reach statistical significance, and no improvement in overall survival was detected. Furthermore, a statistically significant increase in 
grade III and IV toxicities were seen with the higher-dose schedules.

In summary, suramin has limited activity in AIPC and is not currently in use outside of the clinical trial setting. The experience with suramin emphasizes the 
importance of prospectively validated standardized enrollment and outcome criteria. Given the large number of novel targeted therapies now in preclinical 
development, further improvements in clinical trial design and outcome assessment will be required to effectively select those agents with greatest promise for 
prospective randomized evaluation.

NOVEL TARGET

Since 1990, dramatic advances have been achieved in understanding the molecular pathways responsible for tumorigenesis and treatment failure. These discoveries 
have led to the identification of novel targets for systemic therapy. Novel agents designed to target pathways required for prostate cancer growth and survival are in 
early clinical and preclinical development ( Fig. 51-1). These therapies hold the promise of increased antitumor activity with less toxicity by targeting pathways critical 
to malignant but not normal cell survival.



FIGURE 51-1. Novel targets for prostate cancer therapy. Numbers represent the four targets with drugs pointing to them 1: Receptor tyrosine kinases (RTKs), 
including epidermal growth factor receptor and Her2. 2: The PTEN/Akt pathway. 3: The anti-apoptotic protein Bcl-2. 4: The vitamin D receptor (VDR). Therapies 
targeting tumor-stromal interactions, including angiogenesis inhibitors, matrix metalloproteases, and bisphosphonates, are also in clinical development. AR, androgen 
receptor; PI3K, phosphatidylinositol 3'-kinase.

Differentiating Agents

Retinoids

Enthusiasm for using retinoids as therapeutic agents for AIPC is based on epidemiologic studies suggesting that consumption of vitamin A is correlated with reduced 
prostate cancer incidence. Preclinical study further established that retinoids have growth-inhibitory and differentiating activity in prostate cancer and are effective in 
preventing the emergence of primary prostate cancer in animal models ( 62,63). Based on this data, Trump et al. studied all- trans-retinoic acid in 17 patients with AIPC 
(64). No clinical activity was seen.

Kelly et al. reported on the treatment of 14 AIPC patients with all- trans-retinoic acid and 16 AIPC and 4 androgen-dependent patients with 13- cis-retinoic acid and 
interferon-2a (CRA/IFN) (15). No responses in bone, measurable disease, or PSA were noted with all- trans-retinoic acid. CRA/IFN had minimal clinical activity, with 
the majority of patients developing symptomatic disease progression within 2 to 3 months. One patient with measurable disease treated with CRA/IFN had a PR and 
one patient had a 50% or greater decline in PSA. Prolonged stabilization of disease was noted in several patients, including all four patients with androgen-dependent 
disease. One patient had an initial steady rise in PSA without evidence of progression in measurable soft-tissue or osseous disease followed by a decline in PSA to 
below his pretherapy value at 4 months. This patient continued on therapy for 9 months until measurable disease regression was documented. On discontinuation of 
therapy, a greater than 50% decline in PSA and stable measurable disease was documented and maintained for 4 months without additional therapy. This case 
illustrates that retinoids may modulate the level of serum PSA independent of changes in overall disease burden, complicating the use of PSA as a clinical trial end 
point. In summary, the experience with retinoids to date suggests that these agents have minimal activity in advanced AIPC. Although the study by Kelly et al. 
suggests that these agents may have activity in androgen-dependent patients earlier in the course of their disease, further study will be necessary to confirm this 
finding.

Vitamin D

Vitamin D is a steroid hormone with a well-characterized role in the regulation of calcium and bone homeostasis. An epidemiologic link between vitamin D metabolism 
and prostate cancer has been proposed on the basis of an increased incidence of this disease in African-American men and men living in northern latitudes ( 65). 
Some studies of serum calcitriol, the active form of vitamin D, also support a link between vitamin D metabolism and prostate cancer, and vitamin D–receptor 
expression has been documented in human prostate cancer. Calcitriol has antiproliferative and proapoptotic activity in prostate cancer models and has entered 
human clinical trials (66). The major toxicity, as predicted, has been hypercalcemia. To address this limitation, analogs that retain the antitumor effects of vitamin D 
but produce less hypercalcemia have been developed with promising preclinical activity. Other approaches have combined calcitriol with steroids and 
bisphosphonates, agents that attenuate the hypercalcemic response. Because each of these agents may have antitumor effects in prostate cancer, well-designed 
clinical trials will be necessary to separate out the contribution of calcitriol ( 67).

Growth Factor Pathways

The epidermal growth factor receptor (EGFR) and Her2/neu are related transmembrane tyrosine kinase receptors implicated in prostate cancer progression and the 
development of androgen-independent disease ( 68,69). In one survey of primary and metastatic lesions reported by Scher et al., a change in transforming growth 
factor alpha (TGF-alpha) expression pattern was noted with progression from primary carcinoma to the androgen-independent metastatic state ( 68). In the primary 
samples, TGF-alpha expression was present predominantly within the stromal cells. In contrast, 14 of 18 evaluable androgen-independent lesions demonstrated 
coexpression of TGF-alpha and EGFR, suggesting a shift from paracrine to autocrine receptor stimulation. C225, a monoclonal antibody that binds to the EGFR, has 
antitumor activity in xenograft models of prostate cancer and has been studied in combination with doxorubicin in patients with AIPC ( 70,71). Modest activity was 
noted with this combination, as measured by soft tissue regression in one patient and stable measurable disease in three patients ( 71).

Her2/neu-kinase activity may also contribute to prostate cancer progression, and the development of androgen-independent disease and Her2/neu expression may 
serve as a marker for poor clinical outcome (69,72). Herceptin, a monoclonal antibody approved for use in patients with breast cancer whose tumors overexpress 
Her2/neu, has demonstrated activity in preclinical models of prostate cancer and is now under investigation in patients with advanced prostate cancer ( 73,74). Small 
molecules that selectively inhibit the tyrosine kinase activity of EGFR and Her2/neu are areas of intense investigation. Preclinical studies demonstrate activity in 
prostate cancer and one such agent, ZD1839, an inhibitor of EGFR, has clinical activity in the phase I setting ( 75,76).

Geldanamycin and 17-allyl-amino-geldanamycin are ansamycin antibiotics that bind to Hsp90 and cause the proteasomal degradation of a subset of proteins, 
including steroid receptors, Raf, and certain transmembrane tyrosine kinases ( 77). Treatment of breast cancer cells lines with ansamycins results in a rapid reduction 
in Her2/neu protein expression, and cell lines that overexpress Her2/neu are particularly sensitive to these agents ( 77). 17-Allyl-amino-geldanamycin has been 
chosen as the lead agent for this class by the NCI and has now entered phase I testing at several institutions. Antisense and gene therapy approaches targeting the 
Her-kinase axis are also in preclinical development ( 78,79).

Modulators of Apoptosis

Bcl-2

Pathways that regulate apoptosis (or programmed cell death) contribute to tumorigenesis and resistance to therapy. Bcl-2 and its homologues are structurally similar 
family members that regulate apoptosis in prostate cancer cells ( 80). The bcl-2 protein was initially identified in lymphomas in which a t(14;18) results in the placement 
of the bcl-2 protooncogene under the control of the immunoglobulin heavy chain locus ( 81). Bcl-2 family members segregate into proapoptotic members, such as Bad, 
BAX, and Bid, and antiapoptotic proteins, such as bcl-2 and bcl-x L, and evidence suggests that the cellular balance between pro- and antiapoptotic family members 
determines cell survival or death ( 82).

Strong evidence exists that overexpression of bcl-2 confers resistance to chemotherapy and radiation therapy by preventing treatment-associated apoptosis, and a 
reduction in bcl-2 levels may enhance cytotoxic cell kill ( 83). The incidence of bcl-2 expression has been studied by immunohistochemistry in early and advanced 
prostate cancers (84). Studies in prostate cancer suggest that bcl-2 overexpression increases with progression to metastatic and androgen-independent states. 
Furthermore, bcl-2 expression has been correlated with recurrence-free survival after radical prostatectomy and recurrence after radiation therapy ( 85,86). Taken 
together, these data suggest that agents that target the bcl-2 apoptotic pathway may be potential therapeutic targets.

Several agents with preclinical activity in prostate cancer have now been demonstrated to modulate bcl-2. The taxanes paclitaxel and docetaxel inhibit bcl-2 activity 
by inducing bcl-2 phosphorylation ( 55). Modulation of the bcl-2 pathway may also contribute to the antitumor effects noted with the nonsteroidal antiinflammatory 
drugs and cyclooxygenase-2–specific inhibitors ( 87). Antisense oligonucleotides that down-regulate bcl-2 have antitumor activity in preclinical models of prostate 
cancer and are now in early clinical trial ( 88). Retinoids have also been demonstrated to reduce bcl-2 expression and to act synergistically with interferon-alpha to 
inhibit growth (89). DiPaola et al. combined paclitaxel with CRA/IFN based on the hypothesis that the CRA/IFN, by decreasing bcl-2 expression, would sensitize tumor 
cells to the antitumor effects of paclitaxel (89). In this report, CRA/IFN decreased bcl-2 expression in prostate cancer cell lines and in peripheral blood mononuclear 
cells drawn from CRA/IFN-treated patients (89).

PTEN/Akt

The search for novel targets has also identified the PTEN-phosphatidylinositol 3'-kinase-Akt pathway as a contributor to prostate cancer development and progression 
(90). PTEN, also referred to as MMAC1 (Putative Protein Tyrosine Phosphatase/Mutated in Multiple Advanced Cancers), is a candidate tumor suppressor gene that 



maps to human chromosome 10q23 (91,92). This gene encodes a protein and lipid phosphatase that negatively regulates the Akt/protein kinase B kinase. The 
Akt-signaling pathway serves as a dominant regulator of growth factor–mediated apoptosis through its regulation of NFkB, Forkhead transcription factors, and the 
bcl-2 family member Bad (93).

PTEN is frequently mutated in prostate cancer cell lines, and loss of heterozygosity has been demonstrated at the 10q23 locus ( 94,95). Furthermore, loss of PTEN 
protein expression has been detected as a frequent event in prostate cancer xenograft models in the absence of gene deletion or mutation ( 96). McMenamin et al. 
examined 109 prostatectomy specimens for PTEN protein expression by immunohistochemistry (97). Loss of PTEN expression was common and correlated with 
higher Gleason scores and advanced pathologic stages ( 97). Efforts are under way to identify agents that selectively inactivate the PTEN-Akt pathway. One such 
agent may be the COX-2 inhibitor celecoxib (Celebrex) ( 98). Treatment of the LNCaP and PC3 prostate cancer cell lines with this agent results in the induction of 
apoptosis through a bcl-2–independent pathway ( 98). Apoptosis was preceded by a reduction in Akt activity as measured by protein phosphorylation, and apoptosis 
could be prevented by the transfection of a constitutively active form of Akt ( 98).

Stromal Targets

Angiogenesis

An accumulating body of evidence suggests a central role for angiogenesis in tumor growth and metastasis. Soluble pro- and antiangiogenic factors have been 
identified, and agents that target angiogenic pathways are in development. One soluble growth factor with a well-established role in angiogenesis is the vascular 
endothelial growth factor (VEGF) (99). VEGF is overexpressed in many human cancers, including prostate cancer (100). Antibodies that bind to the VEGF ligand and 
VEGF-receptor tyrosine kinase inhibitors demonstrate preclinical activity in prostate cancer and have entered clinical trial ( 99).

Matrix Metalloproteinase

The matrix metalloproteinases (MMPs) are a family of proteases that degrade extracellular matrix and basement membrane components. By allowing for tumor 
invasion and spread to distant sites, MMPs facilitate metastatic tumor progression. High levels of MMPs have been detected in prostate cancer, and an inhibitor of 
MMPs (A-177430) has been demonstrated to prevent tumor growth and metastasis in a prostate cancer–animal model ( 101). Selective MMP inhibitors are now in 
early human clinical trial.

Bisphosphonates

Bisphosphonates are powerful inhibitors of osteoclastic bone resorption that have established clinical benefit in breast cancer and multiple myeloma ( 102). These 
malignancies are frequently characterized by the development of painful osteolytic bone metastases that result in significant morbidity and mortality. In contrast, 
prostate cancer bone disease is almost always osteoblastic in nature. Despite these differences in biology, a role for bisphosphonates in prostate cancer is supported 
by several observations. In a study of adjuvant clodronate treatment, patients with primary breast cancer and tumor cells in the bone marrow were randomized to 
receive 2 years of clodronate therapy or standard care ( 103). A statistically significant reduction in the incidence and number of distant metastases and an 
improvement in overall survival were observed in the clodronate-treated patients ( 103). Surprisingly, the reduction in distant metastases was not confined to bone but 
was also seen in visceral sites, suggesting additional nonosteoclastic antitumor effects. In preclinical models of prostate cancer, bisphosphonates inhibit prostate 
cancer cell adhesion and invasion, providing a mechanistic basis for their use as prophylactic therapy in preventing or delaying the establishment of osteoblastic 
metastatic lesions (104,105). Although this body of data suggests a rationale for bisphosphonate therapy in prostate cancer, definitive clinical trials of 
bisphosphonates in this disease will be necessary.

To date, the success of targeted therapies for prostate cancer has been hindered by limited direct evidence that particular pathways are important for prostate cancer 
tumorigenesis and progression. Prostate cancer likely represents a heterogenous collection of genetically and molecularly distinct diseases, and the success of 
current and future approaches will depend on our ability to predict through preclinical study patients likely to benefit from specific targeted approaches. Despite these 
obstacles, the promise of a curative therapy with low toxicity will continue to encourage the development of novel targeted approaches.

CONCLUSION

No randomized trial of chemotherapy in patients with AIPC has demonstrated a survival benefit when compared to a control population. Contemporary taxane-based 
combinations consistently demonstrate significant antitumor activity as measured by posttherapy decline in PSA, a reduction in measurable soft-tissue disease, and 
palliation of disease related symptoms. The level of activity reported in these trials compares favorably with that of other solid tumors in which chemotherapy confers a 
meaningful survival benefit. This suggests that a large phase III trial of taxane-based combination therapy with survival as the primary end point is now justified. This 
hypothesis is now being tested in a randomized comparison of estramustine and docetaxel or mitoxantrone and prednisone being led by the Southwest Oncology 
Group (106). This study of 620 patients will be the largest AIPC trial to date and will likely establish further benefits of chemotherapy in the treatment of this disease.
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INTRODUCTION

Despite nearly 60 years of androgen ablative therapy for advanced prostate cancer, no treatment has been demonstrated to prolong survival of patients with 
hormone-refractory disease. Many of these patients progress with systemic symptoms (including weight loss and fatigue) and local complications (e.g., bone pain, 
cord compression, and urinary obstruction). For these reasons, new treatment strategies are needed to target prostate cancer cells in an androgen-independent 
manner. Unfortunately, novel treatments for hormone-refractory prostate cancer (HRPC) are limited by our understanding of the biology of this disease, identification 
of functional targets for therapy, response assessment, and new drug development. Clinical trials of novel therapeutics currently reflect these limitations. However, as 
new functional targets, surrogate end points, and drugs emerge, improvements in patient selection, trial design, and response assessment may increase our success. 
Ultimately, prolonged survival and improved quality of life are the clinical end points by which all new treatments must be judged, but given the difficulty in performing 
phase III studies in HRPC patients, few novel agents have undergone such testing. The focus of this chapter is to outline the preclinical and clinical data regarding 
some tumor-directed treatment strategies currently in development, including those that target differentiation and growth factor signaling.

DIFFERENTIATION THERAPY

Differentiation is the process whereby immature cells develop into a characteristic phenotype of a mature cell. In cancer, differentiation is often characterized by a 
cell-cycle arrest (sometimes referred to as terminal differentiation); expression of cellular functions similar to nonmalignant cells; and, in some cases, results in 
programmed cell death or apoptosis. The concept of promoting differentiation of cancer cells as a means of stopping their growth has been well established in 
preclinical models for years (1); however, not until French and Chinese investigators showed that patients with promyelocytic leukemia could achieve complete 
remission by taking high doses of retinoic acid (RA) did differentiation therapy demonstrate a clinical benefit ( 2,3). Since then, a number of agents have been tested in 
various malignancies, including prostate cancer. Using in vitro and in vivo tumor models of HRPC, a number of research groups have demonstrated data supporting 
the hypothesis that inducing the differentiation of these cancer cells can slow the progression of disease. Below is a summary of preclinical and clinical data on 
several classes of differentiation agents that have been tested in HRPC, including RA, peroxisome proliferator–activated receptor (PPAR) agonists, short-chain fatty 
acids, and vitamin D analogs.

Retinoic Acid

Vitamin A (retinol) and its derivative RA are endogenous compounds that have been implicated in the growth and differentiation of epithelial cells ( 4). RA and its 
derivatives, collectively known as the retinoids, bind to two classes of nuclear receptors: RA receptors (RARs) and retinoid X receptors (RXRs). The RXR 
ligand-receptor complexes occur as homodimers or heterodimers, whereas the RAR ligand-receptor complexes always form heterodimers with RXRs. Once formed, 
these receptor dimers interact with retinoid response elements on the regulatory sequences of genes to modulate gene expression directly or indirectly by inhibiting 
transcription factors, such as AP-1.

In prostate cancer cells, retinoids and their cognate receptors are present but appear to be less abundant than in normal prostate tissue or benign prostatic 
hyperplasia (5). Early studies showed that an RA analog, N-4-(hydroxyphenyl) retinamide, could diminish the incidence of primary and metastatic prostate carcinoma 
in rats and inhibit the growth of human PC3 cells through a G1/S cell-cycle arrest and suppression of c-myc gene expression (6,7 and 8). More recently, synthetic 
retinoids were shown to induce marked growth inhibition of androgen-sensitive and androgen-independent prostate cell lines through a cell-cycle arrest at S phase, 
followed by an increase in reactive oxygen species and rate of apoptosis ( 9,10). Furthermore, use of synthetic retinoids selective for RXR or RAR receptors has 
shown that both can inhibit prostate cancer cell growth ( 11). However, RA itself has shown mixed results, resulting in growth promotion of some cell lines and growth 
inhibition of others, with no association to RAR subtype expression ( 12).

Based on the preclinical evidence mentioned earlier, as well as other reports, and an anecdotal clinical effect of all- trans-RA in an HRPC patient, a phase II study 
using all-trans-RA in HRPC was completed at the University of Pittsburgh Cancer Institute. Seventeen patients received 50 mg per m 2 of all-trans-RA orally three 
times a day for 2 weeks, followed by a 1-week hiatus repeated every 22 days ( 13). Unfortunately, in 13 evaluable patients, there were no responses, due in part to an 
increased clearance that occurred with a few days of beginning treatment. One possible solution is to inhibit the metabolism of RA. Liarozole (R75251) is an imidazole 
derivative that has been shown to inhibit RA metabolism and to result in RA-mimetic effects in vivo (14). In prostate cancer tumor models, liarozole inhibited 
androgen-dependent (Dunning G and H) and androgen-independent (PIF1 and AT-6) tumors ( 15,16). Based on these and other preclinical data, researchers from the 
Netherlands began clinical trials of liarozole in HRPC patients.

A phase II study using two dosing schemes of oral liarozole (150 mg and 300 mg twice a day) was completed in HRPC patients who had failed at least first-line 
androgen-ablative therapy (17). Of 42 patients who were evaluated, 23 experienced at least one point improvement in their pain score. Furthermore, 11 patients 
improved their World Health Organization performance status by one point. With regard to prostate-specific antigen (PSA) response, 17 out of 42 patients exhibited a 
50% or greater decline in serum PSA levels, compared to baseline. Based on these results, a European multicenter randomized phase III trial comparing liarozole to a 
secondary hormonal treatment was undertaken.

Using cyproterone acetate, a synthetic steroid with progestational and antiandrogenic properties, as the standard second line hormonal therapy, patients were 
randomized to receive liarozole or cyproterone acetate ( 18). In this study of 321 patients, those that received liarozole demonstrated a 20% PSA response rate 
compared to 4% with cyproterone acetate (p <.001) and had an adjusted hazards ratio for survival of 0.74 ( 18). Although these results suggest patients benefited from 
liarozole, other secondary hormonal manipulations have shown similar or greater response rates in the United States. Therefore, liarozole has not been adopted as 
standard therapy in this country. More randomized studies are needed to further define the efficacy of liarozole and retinoid pathway, in general, as a target for 
therapy.

Peroxisome Proliferator–Activated Receptor Agonists



Similar to other nuclear receptors, PPAR-gamma functions as a regulator of numerous genes, some of which appear to induce differentiation in specific tissues. For 
example, PPAR-gamma is highly expressed in adipocytes and induces differentiation of several preadipocyte cell lines ( 19), whereas overexpression of PPAR-gamma 
in fibroblasts and myoblast cells induces adipocyte differentiation ( 20). PPAR-gamma forms a heterodimer complex with the RXR, which binds to specific recognition 
sites on DNA. On binding of ligand for either receptor, the complex activates transcription of specific genes that promote adipocyte differentiation. Several natural and 
synthetic ligands for PPAR-gamma have been identified, such as prostaglandins and arachidonic acid metabolites ( 21,22). Also included in this group of agonists is 
troglitazone, a member of the thiazolidinedione class of drugs, which is also a new class of antidiabetic drugs developed since 1990 ( 23).

Recent studies have demonstrated that troglitazone induces differentiation of liposarcoma, breast cancer, and prostate cancer cell lines in vitro (24,25 and 26). In 
prostate cancer studies, troglitazone was shown to decrease proliferation, induce morphologic changes, and, in PSA-producing LNCaP cells, decrease PSA 
production by 50%, independent of growth inhibition ( 26). In liposarcoma patients, a “proof of principle” open-label phase II trial was recently published demonstrating 
evidence that in vivo troglitazone induced differentiation. In this study, patients were treated with daily oral troglitazone and underwent serial tumor biopsies, revealing 
evidence of differentiation, including histologic changes, decreases in the mitotic index, altered gene expression, and altered triglyceride metabolites by proton 
nuclear magnetic resonance spectroscopy (27). These results led to the first study of troglitazone in prostate cancer patients.

Using the U.S. Food and Drug Administration–approved daily dose of 800 mg orally, we tested 40 prostate cancer patients with evidence of a rising serum PSA level 
after local therapy (hormone-naïve) or androgen-ablative therapy (hormone-refractory). The initial results showed no response by the criteria established for the 
study—specifically, a 50% drop in two consecutive serum PSA levels, compared to the pretreatment level; however, approximately one-fourth of the men 
demonstrated a sustained stabilization or a decrease in their serum PSA levels ( 28). Toxicity was noted in only one patient who experienced grade 2 transaminitis that 
completely reversed with discontinuation of the drug. These results suggest that, as is the case preclinically, PPAR-gamma agonists may result in some 
growth-inhibitory effect, perhaps through differentiation, with minimal toxicity, but further investigation is needed to determine the significance of these findings.

Phenylacetate and Phenylbutyrate

The phenyl fatty acids phenylacetate (PA) and phenylbutyrate (PB) represent a class of agents that has been shown to induce differentiation of HRPC cells. Originally 
developed as a treatment for children with urea cycle disorders ( 29), PA has also been used safely in children with sickle cell anemia and thalassemia to induce fetal 
hemoglobin production (30,31) and to treat adults with chemotherapy-induced hyperammonemia syndrome (32). In these settings, PA appears to be safe and well 
tolerated. Samid et al. first demonstrated that PA induced differentiation of various human leukemic cell lines in vitro (33). Against prostate cancer cell lines, treatment 
with PA resulted in dose-dependent growth arrest in vitro while inducing markers of differentiation, including morphologic changes (e.g., lipid deposition) and altered 
gene expression patterns consistent with phenotypic differentiation ( 34). Although the mechanism of action of PA remains unresolved, effects on gene expression by 
modifications of lipid metabolism and DNA methylation, inhibition of isoprenylation, and glutamine depletion have been proposed ( 35,36). Recently, several phase I 
studies have been conducted with this agent in patients with various solid tumors, including HRPC ( 37,38). Although neurotoxicity appears to be dose limiting, high 
concentrations of PA were achieved at well-tolerated doses. Unfortunately, in vitro data suggest that with differentiation, PA may actually induce PSA expression ( 39), 
making assessment of tumor response in many HRPC patients difficult in future studies.

Similar in structure, PB is b oxidized in vivo to PA in mitochondria of the liver and kidney, yet PB seems to exhibit distinct cellular and molecular effects from PA. 
Because this metabolism does not occur in vitro, parallel studies have shown that PB may have more potent cytotoxic effects than PA, independent of p53 mutational 
status or mdr-1 expression (40). PB also induced multiple acetylated forms of histone H4 and inhibited telomerase activity in prostate cancer cells ( 41). Although the 
exact mechanism of action of PB is not known, at least two effects (i.e., inhibition of histone deacetylation and activation of PPAR-gamma) are likely involved. PB has 
also undergone initial phase I testing, showing excellent tolerance and safety; however, the effects on serum PSA are of unclear significance. In a comparison 
between intravenous and oral formulations, 5 of 19 (intravenous-formulated) and 4 of 11 (oral) HRPC patients demonstrated stable disease for 6 months or greater 
(42). Serum PSA levels typically rose during the dosing of PB and later returned to baseline. Further studies of both agents, perhaps in combination with other 
putative differentiating drugs, are anticipated.

Vitamin D

Over the past decade, mounting molecular, genetic, epidemiologic, and preclinical data suggest that 1,25-dihydroxyvitamin D [1,25(OH) 2vitamin D] plays an important 
role in the carcinogenesis and progression of prostate cancer. Molecular studies have revealed that vitamin D receptors are present on prostate epithelial cells and in 
a number of prostate cancer cell lines (43,44). These prostate cell lines also express 24-hydroxylase activity, which is necessary to convert 25(OH) vitamin D to its 
active 1,25(OH)2 form (45). Several groups have demonstrated that 1,25(OH) 2 vitamin D increases expression of the androgen receptor (AR), as well as 
androgen-regulated genes, including PSA (46,47 and 48). In addition, genetic studies have demonstrated that a polymorphic variant resulting in an elongated poly-A 
microsatellite in the 3'-untranslated region is associated with an increased risk of developing prostate cancer and is more likely associated with advanced disease 
(49).

Epidemiologic studies have further supported the significance of serum vitamin D levels in the development of prostate cancer. In 1990, Schwartz et al. showed a 
relationship with known risk factors for prostate cancer, including age, race, and living in northern latitudes, was associated with low serum levels of vitamin D ( 50). 
Later, Corder et al. showed that low serum 1,25(OH)2 vitamin D levels correlated with an increased risk of palpable and high-grade tumors ( 51). Since then, Chan et 
al. and Giovannucci have shown a link between high dietary calcium intake and prostate cancer risk, hypothesizing that chronically high calcium intake might confer 
this risk by resulting in lower endogenous 1,25(OH) 2 vitamin D levels (52,53).

As a treatment, 1,25(OH)2 vitamin D appears to have therapeutic efficacy in preclinical models. In vitro studies have demonstrated that various concentrations of 
1,25(OH)2 vitamin D can induce differentiation while reducing proliferation and metastasis ( 54,55 and 56). In animal models, treatment with 1,25(OH)2 vitamin D has 
demonstrated therapeutic efficacy. Early studies demonstrated that 1,25(OH) 2 vitamin D inhibited growth of prostate xenografts (57). Because of concerns of 
dose-limiting hypercalcemia, a number of synthetic derivatives have been developed. Several of the compounds inhibit not only proliferation but also metastasis and 
invasion (58,59 and 60). Finally, there may be synergistic effects combining vitamin D or synthetic analogs with other targeted therapies. Most notably, synergistic 
effects have been demonstrated with vitamin D and RA, as well as with cisplatin ( 55,61).

Based on these and other data, a phase I study of 1,25(OH) 2 vitamin D was completed at the University of Pittsburgh. Doses ranged from 2 to 10 µg by mouth every 
other day (62). Unfortunately, hypercalcemia was seen at all dose levels and was the dose-limiting toxicity at the 10-µg dose. For this reason, vitamin D analogs with 
less hypercalcemic effects are currently under clinical development. These compounds should offer a larger therapeutic index and greater possibilities in combination 
with other differentiating agents or traditional cytotoxic agents.

Other Agents

In addition to the classes of agents mentioned earlier, a number of other targets have been identified for their potential differentiating properties. Cyclooxygenase 
inhibitors, for example, have been shown to inhibit the metabolism of arachidonic acid and thus decrease the production of a number of eicosanoids, some of which 
have been implicated in prostate carcinogenesis. Likewise, isoflavones and polyphenols, which may be prevalent in many eastern diets, are also thought to impact on 
the aggressiveness of prostate cancer. Finally, hybrid polar compounds, including hexamethylene bisacetamide, suberolanilide hydroxamic acid, and 
m-carboxycinamic acid bis-hydoxamide, may inhibit histone deacetylation similar to PA and PB, representing another class of agents to target differentiation ( 63). In 
the future, as the mechanisms of differentiation are further defined, more of these agents may be used in conjunction with other therapies.

SIGNAL TRANSDUCTION INHIBITORS

Androgen stimulation of prostate epithelial cells and cancer cells results in transcriptional activation of numerous genes affecting various cellular functions. Many of 
these androgen-regulated genes are small peptide growth factors that can alter cell growth, survival, and differentiation in an autocrine or paracrine loop. Because 
ARs are present in prostate cancer cells and the surrounding stromal elements, it is possible that androgen produces altered gene expression within the cancer cell 
itself or in the stromal cells, or both. Growth factors released by the cancer cells could bind to cognate receptors on the surface of the cancer cell and thus create an 
autocrine loop, whereas those secreted by the stromal cells might bind to receptors on nearby prostate cancer cells, resulting in paracrine activation. Much of the work 
leading to the therapeutic development of signal transduction inhibitors is based on molecular studies demonstrating the functional significance of these pathways. 
Table 52-1 represents some of the many signal transduction receptor pathways implicated in the growth and development of prostate cancer. Below is an overview of 



some of the growth factor signaling pathways that have been implicated in prostate cancer growth and survival and specific inhibitors under development.

TABLE 52-1. GROWTH FACTOR PATHWAYS IMPLICATED IN PROSTATE CANCER

Growth factor signal transduction is a multistep process ( Fig. 52-1). Ligands bind with high affinity to extracellular sites on transmembrane receptor tyrosine kinases 
(RTKs), resulting in homodimerization of the receptors and cross-phosphorylation of specific tyrosine residues. Several different intracellular pathways can be 
activated through phosphorylation of these specific sites. For Ras activation, this process continues through binding and activation of docking molecules (e.g., Shc) 
and adaptor proteins (e.g., Grb2), which then bind to deoxyguanosine triphosphate-exchange factors that result in the phosphorylation of Ras. Ras activation 
propagates its signal through a series of serine-threonine kinases [known collectively as mitogen-activated protein kinases (MAPKs)], which amplify the signal with 
each successive step. Ultimately, this cascade leads to transcriptional activation of genes that function in a number of cellular processes, including proliferation, 
survival, and differentiation. Other intracellular signaling pathways activated by RTK include phosphatidylinositol-3 (PI-3) kinase/Akt, phospholipase C, and Janus 
tyrosine kinase/signal transducers and activators of transcription (STAT).

FIGURE 52-1. Drug targets for signal transduction inhibition. Growth factor signal transduction is thought to offer a promising array of targets for therapeutic 
intervention in cancer. Neutralizing antibodies can sequester growth factor ligands and/or competitively inhibit their binding to cell surface tyrosine kinase receptors. 
Small molecules can bind to the adenosine triphosphate–binding sites of these receptors and selectively inhibit specific receptor types. Farnesyl transferase inhibitors 
can block the activation of RAS, a critical molecule in many of these pathways, while selective kinase inhibitors of phosphatidylinositol-3 kinase and various 
mitogen-activated protein kinases are in development. Akt activation, regulated by the tumor suppressor gene PTEN, may also represent an important future target. 
Antisense strategies may be useful at decreasing the expression of any one of these targets. Other pathways, including phospholipase C signaling, appear less 
critical. ATP, adenosine triphosphate; DAG, diacylglycerol; IP 3, inositol 3-phosphate; MAPK, mitogen-activated protein kinase; PI-3, phosphatidylinositol 3; PIP2, 
phosphatidylinositol-4,5-bisphosphate; PLCg, phospholipase Cg.

Inhibition of these signal transduction pathways can occur at several sites ( Fig. 52-1). Specific ligands can be inhibited competitively (by antibodies or other molecules 
blocking the binding site on cell surface receptors) or noncompetitively by sequestering or otherwise altering ligand presentation. Alternatively, these pathways can be 
semispecifically inhibited by small molecules that penetrate the cell membrane and bind to ATP-binding sites on the cytosolic portion of RTK. In addition, inhibiting 
downstream intermediate proteins such as MAPK, PI-3 kinase, Akt, or other common targets can potentially block multiple RTK pathways. Other nonspecific methods 
of signal transduction inhibition include targeting immunophilins or chaperone proteins, which can alter the half-life of critical proteins in these pathways. Finally, gene 
therapy and antisense nucleotides can affect expression of one or more specific proteins that may alter the kinetics of these intracellular signals.

There have been numerous specific growth factors implicated in the growth and survival of prostate cancer. Although the mechanisms of androgen-independent 
growth of prostate cancer are poorly understood, many of these growth factor genes can be amplified in this setting. Although initially regulated by androgen, it is 
possible that through genetic changes, genes encoding one or more of these growth factors could be deregulated from androgen control. Furthermore, in the 
androgen-independent state, there may be cross-talk between the signal transduction pathways of peptide growth factors and the AR pathway. One example of this 
phenomenon has recently been demonstrated to involve the oncogene Her2/neu ( 64).

Her2/neu

The Her2/neu oncogene encodes a transmembrane glycoprotein with a tyrosine kinase domain that is structurally related to the epidermal growth factor (EGF) 
receptor superfamily (65). Gene amplification of Her2/neu has been detected in various solid tumors and correlates with a poor prognosis. In prostate cancer, 
amplification of Her2/neu varies, ranging from 8% to 44% in several series using fluorescence in situ hybridization analysis (66,67 and 68). Recently, Craft et al. 
demonstrated that overexpression of Her2/neu in an otherwise androgen-dependent prostate cancer cell line stimulated androgen-independent growth ( 64). 
Interestingly, androgen-regulated genes (including PSA) were expressed in the absence of androgen but only if AR was present, indicating that overexpression of 
Her2/neu could activate the AR pathway independent of androgen ( 64). This model suggests a novel mechanism for androgen- (ligand-) independent growth of 
prostate cancer and further points to peptide growth factor pathways as targets for new therapeutics.

Driven by these findings and the successful development of a humanized monoclonal anti-Her2/neu antibody (Herceptin) in combination with chemotherapy as first 
line treatment for women with Her2/neu–positive metastatic breast cancer ( 69), investigators are beginning to study combinations of chemotherapeutic agents (with 
activity in HRPC) and Herceptin. Most notably, a multicenter phase II study with paclitaxel and Herceptin is ongoing in HRPC patients. Although therapeutic 
antibodies such as Herceptin have demonstrated efficacy in solid tumors, they are limited by the development of antiidiotype antibodies and increased clearance. 
Alternatively, many growth factor pathways can be semispecifically blocked using small peptides that competitively inhibit the ATP-binding site of RTK. Because these 
growth factor pathways require energy-dependent phosphorylation for signal transduction, small peptide inhibitors can effectively block propagation of signaling at low 
nanomolar concentrations. Using such inhibitors, several other growth factor pathways have been targeted.

Epidermal Growth Factor

Like Her2/neu, other members of the EGF superfamily of growth factors and their cognate receptors may represent additional targets of future treatments of prostate 
cancer. As one of the first growth factors recognized to signal through a transmembrane tyrosine kinase receptor, EGF was soon found to be abundantly present in 
human prostatic fluid and prostate cancer cells ( 70,71). Receptors for EGF, which are also expressed by normal and malignant prostate epithelium under androgen 
control, can be activated by EGF or transforming growth factor (TGF)-a, both of which are mitogenic to human prostatic carcinoma in vitro (72,73 and 74). Since 1990, 
interactions between EGF, TGF-a, and other mitogens with growth inhibitory factors (TGF-b and the like) have been further characterized, suggesting a delicate 
biologic balance (75,76,77 and 78). This balance is clearly under androgen control in the normal prostate and many prostate cancer cell lines; androgen deprivation 



results in down-regulation of EGF receptor, whereas androgen and EGF down-regulate p27 and stimulate proliferation ( 79,80). EGF stimulation also activates 
androgen receptors while enhancing pre-kallikrein activator activity through MAPK signaling ( 81,82). Finally, EGF activity may be even more significant in 
androgen-independent prostate cancer, because these cell lines exhibit greater EGF receptor expression ( 83,84). For these reasons, inhibitors of the EGF pathway 
have been tested preclinically in prostate cancer animal models.

Using small peptide inhibitors semispecific for the EGF receptor, investigators have shown in vitro growth inhibition of a wide range of EGF-producing tumor cell lines, 
including prostate cancers (85,86). These results were enhanced when coupled with C225, a human EGF receptor monoclonal antibody ( 85). Both compounds have 
gone on to phase I testing, and C225 is currently being developed in conjunction with conventional chemotherapeutic regimens ( 87).

Platelet-Derived Growth Factor

Although data linking platelet-derived growth factor (PDGF) to prostate cancer growth and survival is less convincing than EGF, PDGF may also represent a 
functional target for therapy. Two closely related genes (PDGF A and B) comprise the PDGF family and bind to two receptors, PDGFa and-b, respectively. PDGF A is 
closely related to v-sis, the simian oncogene originally shown to transform cells by an autocrine loop ( 88). Like many polypeptide growth factors, the effects of PDGF 
are largely localized within the tissues in which it is produced; however, unlike its oncogenic relative, PDGF A and B appear to function to regulate epithelial and 
stromal interactions more through a paracrine model. For example, PDGF blocks the differentiation of prostatic stromal cells by TGF-beta ( 89). PDGF A may also 
function in prostatic carcinogenesis, because its expression is not seen in normal prostate and benign prostatic hyperplasia tissue, whereas in high-grade prostatic 
intraepithelial neoplasia and adenocarcinoma, PDGF A and PDGFa are overexpressed ( 90,91). PDGF has many possible functions in proliferation and transformation. 
In prostate cancer, however, it may also help to regulate apoptosis. In p53-deficient prostate cancer, overexpression of PDGF-mediated, radiation-induced apoptosis; 
however, the clinical significance of this finding remains unknown ( 92). Nonetheless, inhibition of PDGF receptors using small peptide inhibitors has also been 
successfully shown in prostate cancer models to effectively inhibit tumor growth ( 93). Unfortunately, results of these agents in clinical trials have not yet been 
reported.

Nerve Growth Factor

More than 20 years ago, the nerve growth factor (NGF) was found to be highly concentrated in the prostate of mammals, yet its clinical significance remains unclear 
(94). Although some researchers still contend that NGF and the family of related peptides collectively known as neurotrophins are neuron-specific growth factors, a 
body of evidence is growing to suggest that these growth factors may also influence the proliferation, differentiation, and survival of several epithelial cells and 
malignant cell types. The neurotrophins bind to specific transmembrane tyrosine kinase receptors known as trk receptors, which are expressed in nonneuronal 
tumors, including Wilms' tumor and prostate cancer ( 95,96). An oncogenic form of the trkA receptor has also been found in colon and papillary thyroid carcinomas 
(97,98). In prostate cancer, no mutated forms of trkA have been found (99); however, by immunocytochemistry, more than 90% of primary and metastatic human 
tumors express one of the trk receptors (100).

In the normal prostate, NGF appears to function as a paracrine growth factor. First, prostatic stroma–conditioned medium is rich in a number of growth factors, 
including NGF. Djakiew et al. showed that treating this conditioned medium with an anti-NGF antibody completely abrogated the growth stimulation, whereas 
antibodies of other growth factors did not ( 101). In addition, NGF appears to increase epithelial cell motility and prostate cancer invasiveness ( 102,103). For these 
reasons, specific inhibitors of the trk receptors have been developed for possible applications in prostate cancer treatment.

A lead compound known as CEP-751 (Cephalon, Inc.) is an indolocarbazole with potent inhibitory effects on all trk receptors ( 104). In vitro studies showed 
concentration that inhibits 50% of value for the trkA receptor in the low nanomolar concentrations, whereas in vivo studies using trkA-transformed cell lines showed 
antitumor activity (104). CEP-751 was also growth inhibitory in various prostate cancer cell lines and tumor models ( 100). Finally, using the Dunning H 
androgen-dependent tumor model, combinations of CEP-751 with androgen ablative therapy was additive ( 105). To date, two trk inhibitors, CEP-2563 and an oral 
form known as CEP-701, have been tested in phase I clinical trials, and definitive efficacy trials in HRPC are planned for CEP-701 in the near future.

Insulinlike Growth Factors

Insulinlike growth factors (IGFs) are thought to play an important role in the development of the prostate. The IGF family is composed of two genes (IGF-I and -II) and 
two distinct receptors: type I, which is a tyrosine kinase receptor that binds IGF-I and -II with equal affinity, and type II, which binds IGF-II exclusively. IGF-I and -II can 
be detected in the serum of humans and are largely bound to proteins called IGF-binding proteins (IGFBP). Like the previously mentioned growth factors, IGF-I and -II 
levels are elevated in prostatic tissues. In transgenic knockout mice deficient in IGF-I (–/–), prostate glands were significantly smaller with fewer duct tips than those 
seen in wild-type mice (106). Furthermore, this size difference could be partially reversed by administering exogenous IGF-1 to the IGF-I–null mice.

In prostate cancer, several different lines of evidence suggest that IGF-II may be important in prostate cancer growth. First, several prostate xenograft models express 
IGF-I and -II as well as receptors for each ( 107). In serum-free media PC3 cells, an androgen-independent prostate cancer cell line secretes IGF-II as well as IGFBP 
(-2, -3, -4, and -6) (108). In vitro cell growth of PC3 was inhibited by the addition of monoclonal antibodies to type 1 receptor or a serine protease inhibitor (blocking 
the proteolysis of IGFBP-3), suggesting an autocrine loop involving IGF-II and IGFBP-3 ( 108). Finally, in situ hybridization and immunohistochemistry of type 1 IGF 
receptor (IGFR) and IGF-II of prostatectomy samples revealed a decrease of type 1 IGFR in high-grade prostatic intraepithelial neoplasia and adenocarcinoma 
compared to normal epithelium, whereas IGF-II was increased in the same adenocarcinoma lesions, suggesting a role in prostate carcinogenesis ( 109).

IGF-I is also present in prostate cancer tumor models and is likely to play an important role in prostate cancer progression. In a large T antigen transgenic 
adenocarcinoma of a mouse prostate model, IGF-I expression increased with the progression of prostate cancer in the androgen-dependent but remained at 
nontransgenic levels in the androgen-independent stage, whereas IGF-II expression remained low throughout ( 110). IGF-I has also been shown to have growth 
stimulatory effects on DU-145, another androgen-independent prostate cancer cell line, and PC3 cells ( 107) that are blocked by type 1 IGFR antisense or small 
peptide competitive inhibitors of IGF-I binding ( 111).

Adding to the complexity of the IGF axis is IGFBP, which may control the function of IGF-I and -II. Castration of mice bearing the androgen-dependent Shionogi 
carcinomas results in increased expression of IGFBP-5 and a decrease in IGFBP-3 and -4, coinciding with 90% tumor reduction ( 112). In contrast, the 
androgen-dependent CWR22 prostate cancer cell line decreased IGFBP-5 expression with castration ( 113). IGFBP-3 has been demonstrated to stimulate prostate 
cancer proliferation through proteolysis or release of IGF-II at concentrations from 20 to 50 ng per mL but inhibited growth at concentrations greater than 150 ng per 
mL (114,115). Meanwhile, IGFBP-1 was found to block the mitogenic effects of IGF-II in DU-145 ( 116). Finally, PSA, a serine protease, has been shown to cleave 
IGFBP-3; however, the functional significance of this finding remains unknown ( 117).

Perhaps the most compelling evidence indicating the functional importance of IGF-I comes from population studies. In 1998, Chan et al. reported on the relationship 
between plasma IGF-1 levels and prostate cancer, citing a relative risk of 4.3 for men in the highest quartile compared to men in the lowest quartile ( 118). This 
association was independent of PSA levels. Furthermore, IGF levels increased the detection rate of prostate cancer over PSA alone ( 119).

Based on the previously mentioned data, specific inhibitors of the IGF axis are actively being developed. Unfortunately, to date no agents have completed clinical 
testing. One intriguing possibility is the use of somatostatin to lower IGF levels in patients with tumors, such as prostate cancer. Two small studies have been reported 
showing the feasibility of lowering serum IGF levels in patients; however, no clinical efficacy has been described ( 120,121).

Endothelin 1

Endothelin 1 (ET-1) is a potent vasoconstrictor that has been identified as a mitogen for several cancer cell types and may represent a unique target for therapy in 
HRPC. Originally isolated from endothelial cells, ET-1 is the prototype of the ET family, which includes ET-2 and ET-3. These ligands bind to the cell surface, 
G-coupled receptors ETA and ETB. ETA has a high affinity for ET-1, whereas ETB is nonselective for ET-1, -2, and -3. Although ET-1 is produced by a number of cell 
types, it is concentrated in seminal fluid and overexpressed by the epithelial cells of the prostate ( 122). ETA receptors are expressed largely on the prostatic stroma, 
whereas ETB predominates on the epithelium (123).

In prostate cancer, ET-1 may play an important role in the progression and morbidity of advanced disease. Nelson et al. demonstrated an elevated median plasma 
level of ET-1 in HRPC patients, compared to those with localized prostate cancer or normal controls ( 124). In contrast to benign prostate epithelium, prostate 



adenocarcinoma expresses very little of the ET B receptor, at least in some cases, because of methylation, whereas ETA expression is unchanged (125). In prostate 
cancer cell lines, ET-1 appears to be up-regulated by interleukin-1, tumor necrosis factor-alpha, and TGF-beta ( 126). Although ET-1 appears to demonstrate weak 
mitogenic activity by itself, in vitro it appears to act synergistically with several other polypeptide growth factors ( 127). Recently, ET-1 has been shown to cooperate 
with nitric oxide in promoting endothelial cell migration and increased vascularity in gliomas, suggesting a role in angiogenesis ( 128,129). In addition, ET-1 has been 
shown to promote new bone formation (124,130). Finally, because of its homology to the snake venom sarafotoxins, it may possess nociceptive properties as well 
(131). For these reasons, selective ET A inhibitors have been developed for clinical study in prostate cancer.

Recently, an orally bioavailable, racemic version of a highly potent and selective ET A-receptor antagonist called ABT-627 was tested in two phase I studies, including 
HRPC patients. Overall, the drug was well tolerated and resulted in reduced subjective pain or narcotic use in 70% of the patients treated ( 132). Moreover, serum 
PSA levels stabilized or declined in 68% of patients treated. Although no measurable responses were noted, these results warranted further investigation. Currently, 
randomized phase II trials are ongoing.

Downstream Targets

As stated earlier, many of the cell surface growth factor receptor pathways activate common downstream proteins that may represent appropriate targets for therapy. 
For example, the MAPK cascade is a series of serine/threonine and tyrosine kinases that propagate cell surface signals when activated by phosphorylation. Many of 
these signals result in transcriptional activation and, ultimately, growth and differentiation. The kinetics of this pathway may in turn control the end result of this signal, 
and various cell surface receptors may differ in this manner. Nonetheless, because many pathways important to prostate cancer growth, including EGF, NGF, PDGF, 
and Her2/neu, activate MAPKs, these proteins may represent important targets for therapy. Currently, MAPK inhibitors are early in development, but several are likely 
to reach clinical trials in the near future.

Parallel to the MAPK signal transduction cascade, many receptor tyrosine kinase pathways result in the phosphorylation and activation of PI-3 kinase and Akt. Recent 
studies have demonstrated that these proteins are regulated by an important tumor suppressor gene in prostate cancer and therefore may represent another 
important and common downstream target in prostate cancer. PTEN is a known dual-specificity phosphatase with protein and phospholipid substrates ( 133). Recently, 
PTEN was shown to dephosphorylate lipid substrates for PI-3 kinase, including those that function in the activation of Akt ( 134,135). Like MAPK, PI-3 kinase/Akt is a 
common downstream pathway activated by many cell surface growth factor receptors. Furthermore, in androgen-independent prostate cancer cell lines with loss of 
PTEN expression, Akt appears to be constitutively active, suggesting that PTEN may function in part as a negative regulator of this survival pathway. Therefore, 
inhibition of Akt, especially in prostate cancer in which PTEN function is impaired, represents another promising target. Although development of such inhibitors is 
active, no drugs are yet available for clinical testing.

As illustrated in Figure 52-1, a third downstream pathway involves the activation of phospholipase C and downstream signaling through protein kinase C isoforms. 
Perturbations of this pathway with agonists and antagonists have demonstrated significant antitumor effects. Currently, bryostatin-1 is a partial agonist/antagonist of 
the protein kinase C family that is in clinical trials as a single agent and in combination with chemotherapy against several solid tumors, including HRPC.
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INTRODUCTION

In this chapter, a thorough overview of angiogenesis as it pertains to prostate cancer (CaP) is explored, with a clear understanding that many of the data are 
extrapolated from other tumor types. Although the process of angiogenesis and targeting it as an antitumor strategy is not new, the clinical development remains in its 
earliest stages. We review many of the targets for antiangiogenesis, including specific growth factors and degradative enzymes responsible for continued growth and 
proliferation based on providing adequate tumor blood supply. A limited review of agents in or about to enter clinical trial closes the chapter.

ANGIOGENESIS: AN OVERVIEW

Angiogenesis is an essential component of tumor growth and metastasis. In the earliest stages of tumor growth before angiogenesis, tumor size does not exceed 
more than 2 mm (1). Within this avascular tumor, tumor cell proliferation is balanced by an equal rate of cell death ( 2), and human tumors can persist in this in situ 
state for months to years without neovascularization. Further growth occurs when a subgroup of cells in the tumor “switch on” to an angiogenic phenotype ( 1). This 
switch involves a change in the local levels of positive and negative regulators of microvessel growth ( 3,4). The tumor overrides the normally tightly controlled process 
of angiogenesis by directly secreting angiogenic substances or by activating or releasing angiogenic substances within the extracellular matrix (ECM) ( 5). In addition, 
tumors can recruit host cells, such as lymphocytes and macrophages, that produce their own angiogenic substances ( 4). The net result is the activation of endothelial 
cells to undergo a stereotypic process that culminates in new blood vessel formation.

The complex angiogenic process can be broken down into a series of discrete steps ( 5). It begins with local degradation of the capillary basement membrane to 
create an area of vascular deformity in an established blood vessel. Under the direction of an angiogenic stimulus, endothelial cells migrate into the surrounding 
stroma. This endothelial cell migration is followed by proliferation of endothelial cells at the leading edge of the migrating column. The endothelial cells then undergo a 
structural reorganization and form new capillary tubes with subsequent remodeling to form anastomosis and blood flow ( 5).

Once the growing tumor has established a vascular supply, the metastatic process can continue. Tumor cells invade the thin-walled venules and enter the circulation 
(5). Those cells that are not destroyed in the circulation must arrest in capillary beds of organs and extravasate into the tissue parenchyma. If these cells can evade 
the host immune system, they will begin to proliferate in the new microenvironment. These newly established tumors must then activate angiogenesis to produce a 
clinically detectable metastasis and potentially reinitiate the metastatic process. What is clear is that to produce a metastasis, tumor cells must complete every step in 
the process; failure to complete one or more steps results in cell elimination ( 6,7 and 8). Each step of the process is essential and represents a potential site of 
therapeutic manipulation.

REGULATION OF ANGIOGENESIS

Angiogenesis is fundamental to many normal processes, including reproduction, development, and wound healing ( 9). Nevertheless, other than these processes, 
angiogenesis rarely occurs in mature tissue ( 9). It has been estimated that under normal conditions only 0.01% of endothelial cells in the body are actively 
proliferating at any one time ( 10). Normal cells have been demonstrated to secrete high levels of angiogenesis inhibitors that maintain endothelial cells in a 
proliferatively quiescent state. The balance of inducers and inhibitors of angiogenesis in the tissue microenvironment determines the angiogenic response ( 11). In 
tumors, this balance favors neovascularization due to an increase in positive regulators and a decreased production of inhibitory molecules ( 11).

A large number of angiogenic substances have now been described. Those most commonly found in tumors include basic fibroblast growth factor (bFGF) ( 12,13) and 
vascular endothelial growth factor (VEGF) ( 14,15 and 16). Other important angiogenic substances are listed in Table 53-1 (9,17). Some of these substances, such as 
VEGF and scatter factor, bind to specific receptors on endothelial cells. In addition, degradative enzymes can be produced by tumors that lead to release of 
substances such as bFGF that are stored in a bound form within the ECM ( 12). Angiogenic peptides can also be derived from proteolysis of basement membrane 
components. Many of these angiogenesis inducers are growth factors or cytokines that have multiple physiologic functions.

TABLE 53-1. ENDOGENOUS ANGIOGENIC SUBSTANCES

A variety of potential angiogenesis inducers have been identified in CaP ( 17). Increased expression of VEGF, bFGF, transforming growth factor alpha and beta, 
platelet-derived growth factor (PDGF), and interleukin (IL)-8 has been demonstrated in CaPs, compared to normal controls ( 18,19,20,21,22,23,24,25,26,27,28,29,30,31 
and 32). Serine proteases [i.e., urokinase, prostate-specific antigen (PSA), and human glandular kallikrein 2], matrix metalloproteinases (MMPs), and hyaluronidase 
have also been detected at high levels in CaP cells and these degradative enzymes may also promote angiogenesis ( 17,31).

Growth of the prostate in rodents has been shown to be regulated by vascular endothelial cells that are responding to angiogenic/trophic factors produced by the 
normal prostate epithelium under testosterone stimulation ( 21,22,33). VEGF, in particular, is produced by normal, hyperplastic, and malignant prostate epithelial cells 
(20,21,34). Several recent studies have demonstrated that VEGF expression is regulated by androgen ( 20,21,35,36). Using the androgen-dependent CaP xenograft, 
Joseph et al. (21) demonstrated an 85% decrease in VEGF levels after castration. In further studies, castration resulted in an 80% decrease in VEGF levels in the 
ventral prostates of castrated rats, whereas androgen replacement resulted in an eightfold rise in VEGF levels ( 21). Moon et al. (35) have also recently demonstrated 



that after androgen ablative therapy, there is a profound decrease in endothelial cell proliferative index in human CaPs that is associated with a significant reduction 
in VEGF expression in the cancer tissue. The vascular regression induced by castration has been shown to precede the cell death of malignant prostate epithelial 
cells (37). These results suggest that VEGF contributes to the establishment and progression of malignant prostate disease and that androgen ablation can curtail the 
process of the disease by inhibiting angiogenesis via decreasing VEGF levels within these cancers and inducing apoptosis of androgen-dependent CaP cells.

Androgen-dependent cells eventually progress to become androgen independent. These androgen-independent CaP cells can be of two distinct subtypes. One 
subtype retains expression of the androgen receptor and a degree of growth stimulation by androgen, although the cells are able to grow progressively after androgen 
ablation. These androgen-sensitive cells do not undergo apoptosis after androgen withdrawal. Using androgen-sensitive cell lines such as LNCaP, Joseph et al. 
demonstrated that VEGF levels continue to be regulated by androgen ( 20). This finding provides an explanation as to how such cancer cells can retain sensitivity to 
androgen stimulation without being androgen dependent. The second cell type is completely insensitive to androgen-induced growth stimulation and does not express 
the androgen receptor. Using such androgen-independent cell lines, Joseph et al. ( 21) determined that VEGF is constitutively expressed and is up-regulated not by 
androgens but by cellular hypoxia. Other growth factors, such as bFGF or PDGF, are not induced by hypoxia, suggesting that VEGF may be the central mediator of 
hypoxia-induced angiogenesis (21).

During the final steps of angiogenesis, the forming vasculature needs to become a stable mature blood vessel bed ( 38). This process involves investment of vessels 
with mural cells (pericytes or smooth muscle cells), production of basement membrane, and induction of vessel bed specialization ( 38). Selective vascular regression 
can also occur during this process. Recent studies have suggested that the association between the vascular tube and mural cells regulates these maturational 
changes (38). The incorporation of pericytes within the basement membrane of proliferating capillaries appears to inhibit capillary proliferation ( 39).

It has previously been demonstrated that newly formed vessels are dependent on exogenous survival factors such as VEGF for a critical period of time during their 
development (40). The association of forming vessels with mural cells marks the end of this period of growth factor dependence ( 41). In a recent study, Benjamin et al. 
(41) have demonstrated that in the absence of associated pericytes or smooth muscle cells, the vascular tube is unstable and prone to regression. In addition, the 
vascular tube requires VEGF for survival ( 41).

Benjamin et al. (41) further demonstrated that in the normal prostate and CaPs, a large percentage of the blood vessels are immature and have few pericytes. These 
immature vessels are dependent on VEGF for survival. After androgen ablation, VEGF levels decline and immature vessels are selectively obliterated ( 41). This 
finding may, in part, explain the reduction in tumor and normal prostate mass seen in the prostate after castration ( 37). These studies provide a mechanistic 
framework for VEGF regulation of CaP growth and suggest that CaPs may be particularly susceptible to anti-VEGF therapies. In support of these findings, several 
groups have demonstrated that treatment of CaPs with neutralizing anti-VEGF antibodies can inhibit angiogenesis and growth and metastasis of CaP xenografts in 
vivo (42,43). Other strategies using agents that directly block the VEGF receptor or block the kinase activity of the receptor may prove particularly effective and are 
actively under development.

ENDOGENOUS ANGIOGENESIS INHIBITORS

Angiogenesis does not typically occur in normal tissue due to the presence of an excess of angiogenesis inhibitors ( 2). When endothelial cells do proliferate during 
physiologic angiogenesis, the resulting neovascularization is turned off abruptly ( 44). Local administration of angiogenic factors results in neovascularization, but, with 
discontinuation of the stimulus, rapid involution occurs and the capillary vessel is not sustained ( 44). In contrast, pathologic angiogenesis induced by malignancies is 
not easily reversible, suggesting that in addition to increased production of angiogenesis inducers, local endogenous inhibitors of blood vessel growth may also be 
down-regulated in tumors (44). Genetic changes resulting in decreased expression of angiogenesis inhibitors can occur that lead to the development of the 
angiogenic phenotype. For example, loss of normal p53 function in human fibroblasts is associated with a sharp decline in the expression of thrombospondin-1, an 
endogenous angiogenesis inhibitor ( 3).

Recently, a variety of endogenous inhibitors of angiogenesis have been described ( 44,45). In most cases, the endothelial inhibitor has proven to be a fragment of a 
larger protein that itself lacks inhibitory activity ( 44). Examples of such inhibitors include angiostatin (a 38-kd fragment of plasminogen) ( 46), endostatin (a 20-kd 
fragment of collagen XVIII) (47), the 16-kd fragment of prolactin (48), and thrombospondin-1 (fragments of matrix thrombospondin-1) (49,50). Many malignant tumors 
can generate these inhibitory fragments, including angiostatin, endostatin, and thrombospondin-1 ( 47). Inhibitors can also be generated by other nontumor cell types 
such as tumor macrophages that, under certain conditions, can secrete an elastase capable of cleaving plasminogen to produce angiostatin ( 51).

Angiostatin and endostatin are examples of endogenous protein fragments that directly inhibit endothelial cell proliferation ( 47). Recently, it has been demonstrated 
that a serine protease from human CaP cell lines can proteolytically cleave plasminogen to produce angiostatin ( 52). In addition, tumors derived from the human CaP 
cell line PC3 can be maintained in a dormant state in vivo by systemic administration of angiostatin (53). Preclinical trials with angiostatin and endostatin have 
demonstrated that these agents can induce nearly complete suppression of tumor-induced angiogenesis in a variety of cancer cell types ( 46,47). In addition, chronic 
administration of these agents does not induce acquired drug resistance ( 54). This last finding is particularly critical due to the fact that these types of agents may 
require long-term administration to maintain tumor dormancy.

A variety of other endogenous angiogenesis inhibitors have also been described. Unlike angiostatin and endostatin, these proteins do not directly inhibit endothelial 
cell proliferation. Inhibitors such as interferon-alpha and interferon-beta may prevent tumor cells from secreting certain angiogenic inducers such as bFGF ( 55). 
Recently Dong et al. (56) demonstrated that overexpression of interferon-beta in the human CaP cell line PC3 was able to suppress angiogenesis and metastasis, 
possibly by activation of host effector cells such as macrophages.

Levels of circulating angiogenic factors secreted by tumors may be regulated by soluble receptors such as the FLT-1 receptor that binds VEGF with high affinity ( 57). 
Binding proteins for acidic and bFGF have also been demonstrated in human plasma ( 58). Other potential endogenous angiogenesis inhibitors include MMP inhibitors 
such as tissue inhibitor of metalloproteinase (TIMP)-1 and other inhibitors of matrix-degradative proteases ( 59,60). Finally, a series of other angiogenesis inhibitors 
have been described whose mechanism of inhibition is unknown. These include platelet factor 4 ( 61), human interferon–inducible protein 10 (62,63), the 16-kd 
N-terminal fragment of prolactin (48), and a variety of ILs, such as IL-10 and -12 ( 64,65). Recently, it has been demonstrated that IL-10 can reduce secretion of MMPs 
2 and 9 while inducing production of the endogenous MMP inhibitor TIMP-1 in immortalized primary human CaP cells ( 65).

The role many of these proteins play in regulating angiogenesis in CaPs is not yet known. These studies, however, have identified proteins and protein fragments that 
could be tested in clinical trials. Endostatin, for example, is currently entering clinical trials as treatment for a variety of cancers, including CaP. In addition, protein 
targets have been discovered whose inhibition by small molecules may prove to be effective antiangiogenic therapy for CaP. Examples of such targets include the 
VEGF receptor and MMPs, and clinical trials are under way to test the activity of agents that inhibit these angiogenic proteins.

VASCULARIZATION AND PROSTATE CANCER PROGRESSION

More than 50% of men with clinically localized CaP treated with radical prostatectomy (RP) and pelvic lymph-node dissection are understaged, using established 
preoperative clinical, biochemical, and pathologic results ( 66). Additional prognostic indicators that can more accurately predict outcome are needed to identify those 
patients who would benefit from more aggressive therapy. An increasing number of studies have attempted to quantify microvessel density (MVD) in RP specimens to 
determine correlation with pathologic stage and usefulness as an indicator of progression ( 67). These studies have produced mixed results, with some studies 
demonstrating a correlation between vascular density and pathologic stage or risk of progression, or both, whereas others have found no correlation. Although it is 
beyond the scope of this chapter to review in detail each individual study, key points from several of the larger studies are addressed.

In the earliest study, Weidner et al. counted microvessels in the most active area of neovascularization (i.e., “hot spot”) within the initial invasive CaP from 74 patients 
(68). Endothelial cells were detected by immunostaining, using an antibody to factor VIII-related antigen. In this study, the primary tumors of cases with metastatic 
disease had increased vascular density, compared to those without metastatic disease. In a multivariate analysis, vascular density was a better predictor of higher 
stage than Gleason score but was only predictive for metastases in high-grade carcinomas (Gleason scores 8 to 10) and not for low- and intermediate-grade tumors 
(68).

Silberman et al. (69) examined the relationship between MVD in intermediate-grade CaP and stage at RP and progression after RP. In this study, specimens were 
stained using the endothelial-specific antibody CD31, and “hot spot” microvessels were quantitated. In patients with Gleason grade 6 to 7 cancers, there was no 
observed relationship between MVD and stage at the time of RP (69). The mean vascular density in tumors that progressed was significantly higher than in 
nonprogressors (69). Most importantly, vascular density was found to be an independent significant predictor of progression after RP for tumors with Gleason scores 5 



to 7 (69). In another study using CD31, Rubin et al. ( 70) looked at the MVD in RP specimens from 87 patients and found no correlation with stage, nor was MVD 
predictive of subsequent progression. In two other large studies ( 71,72), MVD was not useful in predicting progression; however, one of the studies did demonstrate a 
correlation with pathologic stage ( 71).

MVD quantification may prove useful in stratifying patients into groups to better evaluate adjuvant therapies after resection. A more important potential role is to 
identify, before RP, those patients likely to have insignificant tumor. Preoperative identification may allow these patients to be managed expectantly. Few studies to 
date have looked at MVD in diagnostic specimens. In a large retrospective analysis, Borre et al. ( 73) examined transurethral resection of the prostate specimens in 
patients subjected to watchful waiting and found that MVD correlated with clinical stage and histopathologic grade. Although a retrospective analysis, this study found 
that MVD was a significant predictor of disease-free survival in the entire cancer population and, more importantly, in the clinically localized cancer population ( 73). In 
a similar study, Lissbrant et al. (74) also retrospectively examined diagnostic transurethral resection of the prostate specimens and found that MVD was an 
independent predictor of cancer-free survival.

One study by Bostwick et al. (75) measured MVD in needle biopsy specimens and found a statistically significant contribution of MVD (along with serum PSA and 
Gleason score) in the prediction of organ-confined disease. Although these results are promising, it remains to be determined whether analysis of MVD will be as 
predictive of tumor biology in needle biopsy specimens as assessment in larger tissue specimens.

In summary, several studies have defined MVD as a potential prognostic factor in clinically localized CaP. In other studies, however, MVD does not appear to be an 
independent prognostic factor when subjected to multivariate analysis. Such disparate findings may be due to the use of different endothelial-specific antibodies and 
immunohistochemical techniques. It may also be due to the subjective nature of analyzing only the “hot spots” in the specimen. Standardization and validation in 
prospective studies will be required before analysis of MVD is of widespread clinical usefulness.

Aside from MVD, investigators have looked at circulating levels of cell adhesion molecules bFGF and VEGF as potential markers of progression or response to 
therapy. Circulating levels of these molecules have poorly correlated with tissue activity and ongoing angiogenic properties. It is known that alterations in cell 
adhesion are an important step in the metastatic cascade. Decreases [E-cadherin ( 76), C-cell adhesion molecule (C-CAM) (77)] and increases in cell adhesion 
molecules (E-CAM, N-CAM) are associated with CaP progression (78). Soluble and membrane-shed CAMs exist and can be assayed in circulation. A study of serum 
levels of I-CAM-1, V-CAM-1, N-CAM, and E-selectin in men with benign prostatic hyperplasia (n = 50) and CaP (n = 26) found no clinical use for these adhesion 
molecules as biomarkers of malignancy for predicting progression, for identifying metastatic potential, or for monitoring therapy ( 79).

bFGF is mitogenic to prostatic stromal cells, epithelial cells, and endothelial cells ( 80,81 and 82). Androgen-independent CaP cell lines and primary and metastatic 
CaPs produce bFGF (83). Mean serum levels of bFGF were significantly elevated (6.64 ± 1 pg per mL) in a group of 36 men with CaP, when compared with a group of 
healthy controls (1.28 ± 0.3 pg per mL) ( 83). There was no correlation between bFGF levels and age, PSA, tumor grade, and stage. There was also significant overlap 
of bFGF levels between normal controls, men with benign prostatic hyperplasia, and men with CaP. bFGF concentrations increased in four of five men with disease 
progression. Another study found a direct relationship between log bFGF and the odds of cancer in 11 men with PSA levels less than 4.0 ng per mL. Using an 
arbitrary cut off of 1.0 pg per mL, the sensitivity was 83% and the specificity 44% in this group of men. Whether bFGF concentrations correlate with angiogenesis and 
MVD is unknown, but the lack of correlation between bFGF and pathologic stage makes such a correlation a priori unlikely. To date, little information is available 
about VEGF in circulation in men with CaP.

MATRIX METALLOPROTEINASES AND PROSTATE CANCER

A step-wise hypothesis of tumor progression postulates that tumor cells are required to degrade the ECM to locally invade and systemically metastasize ( 4). During 
this dynamic process, tumor cells exert their ability to degrade proteins in the ECM, adhere and detach from the ECM, and, finally, migrate through it. These steps 
appear to occur simultaneously and continuously through the long and complex process of the tumor development. Tumor cells need to break their basement 
membrane first to invade the local tissue, reach the lymphatics and capillaries, and establish new metastatic sites through the “intravasation” and “extravasation” 
processes (84). Invasion and remodeling of the basement membrane are necessary steps for endothelial cells before they proliferate, migrate, and differentiate in the 
formation of new blood vessels (85).

Among various proteolytic enzymes, Zn2+-dependent MMPs are a representative endopeptidase family of at least 17 structurally related proteases possessing broad 
spectrum proteolytic activity for a variety of ECM components, including collagen I through IV, laminin, fibronectin, gelatin, elastin, and proteoglycans ( 86). The MMP 
family can be divided into different subclasses according to substrate specificity and structural similarity ( Table 53-2). These are the gelatinases (MMP-2 and MMP-9), 
collagenases (MMP-1 and MMP-8), stromelysins (MMP-3, MMP-10, and the related matrilysin MMP-7 and metalloelastase MMP-12), membrane-type MMPs 
[membrane-type (MT)1-4MMPs)], and a subgroup including stromelysin-3 (MMP-11, MMP-19, and MMP-20).

TABLE 53-2. HUMAN MATRIX METALLOPROTEINASE (MMP) FAMILY

MMP gene expression is primarily regulated at the transcriptional level by growth factors, cytokines, and contact to ECM ( 87,88). Several studies demonstrate the role 
of mitogen-activated protein kinase pathways in the regulation of MMP transcription in response to different signals, including hypoxia and hyperthermia ( 86). MMPs 
are expressed by several cells, including fibroblasts, keratinocytes, chondrocytes, monocytes and macrophages, hepatocytes, and a variety of tumor cells.

These proteases were originally cloned from human tumors, such as breast carcinoma tissue (MMP-3 and MMP-11) and invasive lung cancer cells (MT1-MMP). Each 
enzyme has a highly conserved active site containing a zinc atom held within a metal-binding domain. The secreted inactive form of these enzymes undergoes 
activation through conformational modification and proteolytic cleavage of the pro-domain ( 89). Once activated, the MMPs are subject to control by endogenous 
inhibitors such as TIMPs that bind to the highly conserved zinc-binding site of active MMPs at molar equivalence.

The TIMP gene family consists of four structurally related members (90,91), three of which are soluble (TIMP-1, -2, and -4), and one is associated with ECM (TIMP-4). 
The proteolytic degradation of the ECM by MMPs not only removes a physical barrier but also interferes with the mechanisms controlling cell proliferation. 
Overexpression of TIMP-2 in melanoma cells inhibits tumor growth secondary to G 1/S arrest induced by fibrillar type I collagen ( 91). Modulation of MMP-7 in colon 
cancer cells has been shown to affect cell proliferation and tumorigenicity ( 92). Overexpression of TIMP-1 and TIMP-2 not only inhibits local invasion but also affects 
the growth of primary tumor and established metastasis in mice ( 93,94).

Several mechanisms can be envisioned to explain the inhibitory effect of TIMPs and synthetic inhibitors of MMPs on tumor growth ( 91). Inhibition of angiogenesis is 
likely to play an important role, because TIMPs and synthetic inhibitors of MMPs have been shown to affect the proliferation and invasion of endothelial cells in vitro 
and neovascularization in vivo (60,61,95,96). Some of the growth factors are also bound to the ECM and are released as the ECM is degraded or proteolytically 
activated from a latent form by MMPs (i.e., transforming growth factor-beta and insulinlike growth factor-2) ( 97,98). Furthermore, the preservation of the contact 
between the cells and an intact ECM exerts a restrictive growth signal generated by the contact ( 99). Thus, the role of TIMPs and synthetic inhibitors of MMPs has 
been recently expanded to include important regulatory functions of the cell-ECM and cell-cell interactions on essential cellular functions such as proliferation.



The proposed role of MMPs in tumor invasion is based on the observation of high-level expression of distinct MMPs in invasive malignant tumors ( 100,101). Direct 
evidence that MMPs play an important role in tumor invasion and progression comes from several in vivo studies in which overexpression of TIMPs results in reduced 
invasion and metastatic potential of transformed cells ( 102,103). Furthermore, MMP knockout mice lacking MMP-2 and MMP-7 showed reduced angiogenesis and 
tumor progression and inhibition of intestinal tumorigenesis, respectively ( 104,105).

The expression of MMPs in the tumor is regulated in a paracrine manner by growth factors and cytokines secreted by tumor-infiltrating inflammatory cells as well as by 
tumor or stromal cells (86). A continuous interplay between tumor cells and the stroma has been envisioned during tumor progression, suggesting that a specific 
tumor stroma undergoing extensive remodeling is present at the primary and metastatic sites ( 106). In vivo expression of MMPs is localized in tumor, stromal, and 
endothelial cells. Increased expression of MMP-1, MMP-2, and MMP-9 has been shown in different malignancy, including lung carcinoma, breast carcinoma, head 
and neck and colorectal tumors, and CaP (107,108,109,110 and 111).

In particular, there are several reports that show high expression of MMPs in CaP and a significant correlation with the disease grade or stage. A significant 
correlation between the expression of MMP-7 and the pathologic state or lymph-node metastasis was found in patients with CaP ( 112), and a direct correlation was 
observed between the intensity of MMP-2 expression and Gleason score (113). Condition media of fresh tissue from normal and neoplastic prostate showed that 
normal and neoplastic tissue secrete latent and active forms of MMP-2 and MMP-9. However, samples from malignant prostate explants contained a higher proportion 
of the active form of MMP-2, with markedly reduced or not detectable free TIMPs. These findings suggest that there is an imbalance of secretion between MMPs and 
TIMPs in CaP (114). Another report showed that TIMP-1 and TIMP-2 were expressed at elevated levels in the stroma of Gleason sum 5 tissue, whereas MMP-2 and 
MMP-9 were expressed at relatively low levels (115). In higher Gleason sum tissue (Gleason sum 8 to 10), TIMP-1 and TIMP-2 were not expressed, whereas MMP-2 
and MMP-9 were intensely expressed. Furthermore, TIMP-1/TIMP-2 and MMP-2/MMP-9 expression was, respectively, higher and lower in organ-confined specimens 
in comparison with specimens with capsular penetration and samples with surgical margin; seminal vesicle, and/or lymph node involvement. A positive correlation of 
TIMP and MMP expression with GS and pathologic stage versus cure rate was also found, suggesting a possible role for TIMP1/TIMP-2 and MMP-2/MMP-9 as 
independent predictors of outcome.

Overproduction of MMPs by a prostate tumor might result in increased MMP levels found in body fluid, such as blood or urine. Elevated levels of MMPs have been 
found in serum and plasma of animals bearing experimental tumors and human patients. Serum MMP-2 and MMP-2 density (serum level divided by the prostate 
volume) correlates with the presence of organ-confined and metastatic disease in CaP patients ( 116). A recent study showed that the presence of biologically active 
MMP-2 or MMP-9 in the urine of cancer patients (40% with CaP and a Gleason grade 5 to 7) was an independent predictor of organ-confined cancer, and the high 
molecular weight species was an independent predictor of metastatic cancer ( 117).

One of the first reports of blood measurements in CaP patients showed increased TIMP-1 and MMP-1, unchanged MMP-3, and decreased TIMP-2 serum 
concentrations (118). In contrast, a different study reported that only plasma concentrations of TIMP-1 and MMP-3 were elevated in CaP patients with metastasis, 
compared with controls, patients with BPH, and patients with organ-confined disease. These differences were attributed to the different blood components analyzed 
(119). In the same report, the author also found a correlation between TIMP-1 and PSA. The interesting finding of elevated TIMP-1 in patients with metastatic CaP 
correlates with increased amounts of TIMP-1, as found in advanced colon cancer and hepatocellular carcinoma tissues ( 120,121). Apparently, TIMP-1 is a potent 
inhibitor of tumor progression as an antagonist of metalloproteinases and a growth promoting agent. These two different and paradoxical properties are apparently 
exerted at different concentrations.

Finally, neuropeptides, including calcitonin, serotonin, bombesin, neurotensin, and others, have been reported to be expressed in several malignancies, including 
CaP (122). Interestingly, neuropeptide hormones stimulate secreted activity of MMP-9 in human CaP lines, suggesting a role for these molecules in the CaP 
progression (123). Although there are several studies investigating the role of MMPs in tumor progression, the scenario depicted to date may be more complex. 
Several MMPs—for example, MMP-3, MMP-7, MMP-9, and MMP-12—have been recently shown to degrade plasminogen to angiostatin, a potent endogenous 
angiogenesis inhibitor, suggesting the possibility that the expression of MMPs in the peritumoral area may in fact be a reactive inhibitory response ( 124,125). Further 
in vivo studies are necessary to elucidate the complex role of MMPs in tumor development.

In summary, the multiple steps of tumor development (initiation, migration/invasion), angiogenesis, and metastasis-associated events (intravasation/extravasation) 
have been shown to be controlled by MMPs and their physiologic inhibitors, TIMPs. It was on the basis of this hypothesis that several investigators began the 
development of MMP inhibitors in the mid-1980s (126).

Clinical Testing of Metalloproteinases

The first MMP inhibitors were designed to mimic part of the peptide sequence, surrounding the point in the collagen molecule first cleaved by interstitial collagenase 
so that the inhibitor binds the MMP-active site in a stereospecific manner. The problem of this approach using peptide-based MMP inhibitors was the poor oral 
availability (with the exception of marimastat). Marimastat is a low-molecular weight broad-spectrum inhibitor not active against MMP-3 only. More recently, based on 
x-ray crystallographic information, nonpeptidic inhibitors have been designed, such as the compounds CGS 27023A, AG3340, and Bay 12-9566. Using the x-ray 
crystallographic data, it is possible to make these compounds more selective by maintaining the inhibitory activity against one or more MMPs, such as the gelatinase 
“selective” inhibitor AG3340 and Bay 12-9566.

Several preclinical studies have shown the efficacy of different MMP inhibitors in animal models ( 126). The broad spectrum MMP inhibitor batimastat has shown the 
ability to suppress micrometastatic disease in a rat mammary carcinoma model (127). Animals treated with a long course of the drug developed silent lymphatic 
micrometastases. Additional studies with batimastat showed inhibition of local growth and dissemination of orthotopic human colorectal carcinoma ( 128) and local 
regrowth of MBA-MD-435 breast carcinoma (129). The selective MMP inhibitors AG3340 and Bay 12-9566 have also been shown to inhibit tumor growth in several 
models, including Lewis lung carcinoma, B16 melanoma, and human glioma (130,131). Furthermore, direct angiogenesis inhibition has been demonstrated with 
batimastat and the more selective Bay 12-9566 (132,133). Interestingly, further studies with AG3340 in combination with cisplatin or cyclophosphamide in the Lewis 
lung carcinoma model and batimastat in combination with cisplatin in a human ovarian cancer model have shown additive antitumor effects without additional toxicities 
(134,135). These preclinical studies evaluating the possibility of combined MMP inhibitors with standard chemotherapy have been particularly encouraging for a 
feasible clinical application in the adjuvant settings in which micrometastatic disease is more likely to respond to cytostatic agents.

However, the synthetic MMP inhibitors have followed the traditional safety and efficacy study approach in patients with advanced disease despite the preclinical 
indication.

Batimastat was the first compound to enter clinical trials but, because of its poor bioavailability, was rapidly dismissed. Chemical modification of this compound 
resulted in the synthesis of marimastat (BB-2516), which retains the same biologic activity but has good oral availability. Marimastat is a broad spectrum MMP 
inhibitor currently in clinical trials ( 136). Phase I evaluation was performed in 31 healthy volunteers in two placebo-controlled escalating-dose studies ( 137). The drug 
showed a good pharmacokinetic profile with peak plasma concentration at 1.5 to 3.0 hours, with a terminal elimination half-life of 8 to 10 hours and no toxicity 
detected. The main side effect associated with marimastat was detected only in later studies in which cancer patients had prolonged administration of the drug with 
evidence of different pharmacokinesis between healthy volunteers and cancer patients.

A phase II study was designed with a different strategy from the one used with standard cytoreductive chemotherapy. Although the preclinical data showed not only 
tumor stabilization but also volume reduction secondary probably to angiogenesis inhibition, a classical response in terms of tumor mass shrinkage was not expected, 
and change in tumor antigen levels was used as a surrogate marker to monitor the biologic effect of marimastat. Six parallel phase II studies conducted in North 
America and Europe assessed the biologic activity of marimastat in patients with advanced serologically progressive ovarian, prostatic, pancreatic, and colorectal 
cancer by serial measurements of the serum markers CA125, PSA, CA19-9, and CEA, respectively (138). Patients received marimastat at doses of 25 mg b.i.d., 
escalating in cohorts to 75 mg twice a day over a 4-week period, with measurements of the tumor markers at the beginning and the end.

Partial biologic effect (PBE) was a less than 25% rise in markers over the 4-week period and a BE was a decrease in markers. Four hundred and fifteen patients were 
recruited with only 54% of patients completing the treatment. A pooled analysis across the six studies showed a dose-dependent increase in the number of patients 
with a BE or PBE with no apparent difference among the different tumor types. Although changes in tumor markers have never been validated as surrogate markers 
for anticancer activity, interestingly, survival curves showed a greater median survival time for patients who achieved a BE or PBE.

A more encouraging phase II study was performed in 14 patients with inoperable gastric carcinoma ( 139), with stable disease in seven patients and histological 



evidence of biologic activity suggested by increased stromal tissue. Interestingly, combination studies of marimastat (10 or 20 mg twice a day) coadministered with 
carboplatin in patients with advanced ovarian cancer ( 140), gemcitabine in pancreatic cancer (141), and carboplatin/paclitaxel in metastatic or locally advanced 
non–small cell lung cancer have recently shown good tolerability and no additional toxicities ( 142). These clinical results confirmed preclinical data, which indicate 
that if used early in combination with chemotherapy, MMP inhibitors may reach their best efficacy ( 134,135).

Based on these clinical data, several phase III studies assessing the efficacy of marimastat in several tumor types, including lung, gastric, ovarian, pancreatic, breast, 
and prostate cancers, have been started. The preliminary safety profile from ongoing phase III studies with more than 4,000 patients enrolled indicates single agent 
marimastat (10 mg by mouth, twice a day) to be well tolerated and suitable for long-term dosing. Approximately one-fifth of patients develop musculoskeletal toxicity 
that is clinically manageable in three-quarters of patients ( 143).

Other synthetic nonpeptide MMP inhibitors have been testing in phase I/II, among them AG3340 and Bay 12-9566. AG3340 is a selective inhibitor associated with 
growing tumors (e.g., MMP-2, MMP-3, MMP-9, and MMP-14, and Ki 30 to 330 pm) and is less potent against enzymes responsible for collagen maintenance in joints 
(MMP-1, Ki 8,300 pm). A recent preclinical report showed an inhibition of membrane-type MMP-1 in human CaP ( 144). Phase I with AG3340 as a single agent orally 
administered twice a day showed no dose-limiting toxicities, with only reversible joint-related toxicities at higher doses. The phase III development of AG330 is 
ongoing with randomized double-blind trials in combination with standard front-line chemotherapy in patients with unresectable non–small cell lung cancer or 
metastatic hormone-refractory prostate cancer (HRPC). In men with HRPC, treatment consists of mitoxantrone/carboplatin plus AG3340 or placebo. Other than 
standard toxicities due to chemotherapy, toxicities attributable to the AG3340 have been minimal ( 145).

Bay 12-9566 is a selective nonpeptidic inhibitor of MMP-2 and -9. Expression of these MMPs is associated with a poor prognosis in ovarian, lung, and colorectal 
carcinomas. A phase I trial was recently performed to determine the tolerability and pharmacokinetics of Bay 12-9566 when administered with standard doses of 
paclitaxel, carboplatin, and combination (146). Coadministration of Bay 12-9566 did not significantly alter paclitaxel clearance and was shown to be safe. Phase III 
trials are under way in patients with ovarian and pancreatic cancer.

In conclusion, the trial design for MMP inhibitors has been complex but extremely challenging. The hypothesis to achieve a significant tumor volume reduction 
equivalent to partial or complete responses to cytotoxic chemotherapy has been disregarded since the beginning. The original tumor marker measurements 
envisioned as surrogate markers to assess biologic activity lately have been substituted with other end points. In view of the cytostatic properties of this new class of 
drugs, direct measures of clinical outcomes have been established. The focus of the current phase III trials is the time to progression, quality of life, and most 
importantly (but harder to achieve), survival in patients with advanced disease in combination with chemotherapy. If these ongoing trials enrolling patients with 
advanced malignancies, including CaP, confirm the preclinical data and provide additional safety data, then the adjuvant setting will be the natural development for 
the MMP inhibitors, and some of the future trials already envision this possibility.

ANTIANGIOGENIC AGENTS FOR PROSTATE CANCER

Preclinical data, such as those described earlier, have led to clinical testing of antiangiogenic agents. To date, the agents available for clinical testing have been 
relatively few in number. The MMPs are in clinical testing. Agents such as thalidomide and TNP-470 (a synthetic fumagillin analog that inhibits endothelial cell growth) 
have been tested with a suggestion of mild clinical activity that requires further exploration ( 147,148). The mechanism behind thalidomide's antiangiogenic properties 
has not been elucidated. Thalidomide, like many other agents, including cytotoxic agents such as docetaxel or paclitaxel or cytostatic agents such as retinoic acid or 
vitamin D, has been shown to have antiangiogenic properties in preclinical testing involving simple matrigel or chick chorioallantoic membrane assays ( 149,150 and 
151).

Antiangiogenic agents have been broadly grouped into drugs that block activators of angiogenesis, inhibit endothelial cells directly, block matrix breakdown (already 
reviewed), inhibit endothelial-specific integrin and survival signaling, and drugs with nonspecific mechanisms of action. The drugs that block activators of 
angiogenesis primarily target VEGF directly or through inhibition of VEGF receptor signaling. Genetech and Sugen have multiple agents in this category undergoing 
clinical investigation ( 152,153). Sugen's SU101 has completed phase II testing in hormone-refractory CaP. SU101 inhibits PDGF-mediated signaling. In a multicenter 
study, 44 patients with rising PSAs in the hormone-refractory state received this compound after a 4-day induction followed by ten weekly infusions. One patient had 
his PSA return to normal, two had a greater than 50% decline in PSA, and ten had PSA stabilization over the course of therapy. An improvement in pain was noted in 
26%. Asthenia, nausea, anorexia, and anemia were the most frequent side effects ( 152). SU101 has entered phase III testing in combination with mitoxantrone and 
prednisone (154).

Agents that inhibit endothelial cells directly include TNP-470, thalidomide, squalamine, and endostatin. TNP-470 and thalidomide have completed phase II testing, but 
the reports of these studies are pending. Squalamine and endostatin are undergoing phase I testing.

Agents that inhibit endothelial-specific integrin/survival signaling are antibodies or small molecules that block integrins present on endothelial cell surfaces. Vitaxin, 
developed by Ixsys, is in phase II testing ( 155). Other compounds that exhibit nonspecific mechanisms of action include carboxyamidotriazole (an inhibitor of calcium 
influx), phenylbutyrate (activator of peroxisome proliferator–activated receptor gamma and inhibitor of histone deacetylase), IL-12 (up-regulator of interferon gamma 
and interferon-inducible protein 10) ( 156,157,158 and 159). Not all of these agents are specifically designed for CaP and many will not be tested in CaP unless 
activity is seen in more vascular tumor types, such as renal cell cancer or mesothelioma.

In a recent summary of antiangiogenesis and its role in targeting cancer, the ideal characteristics that inhibitors of angiogenesis should possess were outlined: They 
should be specific for a particular step or component of the neovascularization process, have a broad spectrum of antitumor activity across tumor types, lack 
documented resistance, be relatively nontoxic, and be easy to combine with other anticancer therapies ( 160).

Clinical trials of antiangiogenic agents have proven difficult so far, as the end point is not clear. Direct antitumor effects with subsequent shrinkage of tumor mass 
have not been seen except in a few select cases. Disease stabilization or tumor marker stabilization has been a consistent finding, yet the significance of this is of 
unclear importance. Clearly, patients are happy with agents that maintain disease and a good quality of life. Scientifically, it has been challenging to attribute disease 
stabilization to these agents and not to the heterogeneity of cancer. Numerous markers of antiangiogenesis are being explored in biopsied or surgical material after 
therapy. These markers include assays of apoptosis rate, proliferative rate, overall effect on MVD, and alterations in endothelial cell–specific receptors and their 
ligands. Not all tumor types, especially CaP, lend themselves well to frequent procurement of tissue while on therapy. Current radiographic studies are limited in their 
assessment of antitumor effects through antiangiogenic mechanisms. Ultrasound of flow in and out of tumors may be a surrogate to assess activity associated with 
tumor blood flow into a tumor bed. Once again, the ability to ultrasound tumor deposits is fairly limited. Nuclear magnetic resonance imaging is rapidly becoming the 
imaging technique of choice to follow antiangiogenic effects directly by assessing global blood flow and using spectroscopy of metabolites of a hypoxic or hyperoxic 
environment. Positron emission tomography scanning remains reserved to specialized centers that can follow tumor blood flow.

Trial designs and end points have also hindered development of these agents. As each agent may have a potentially different target and outcome, drug-specific trials 
are often set up, rather than consistent trial designs, to attempt to understand the role of these agents in cancer therapy and halting cancer progression. Single-arm 
studies need to be controlled to historical controls and often need to be repeated in the randomized setting with a no-therapy arm or with different doses or schedules 
of the agent. Combination with other agents is also a common design. Treating a tumor to best response or to give a therapy with a known response rate and add the 
investigational agent to explore any enhanced efficacy is a common trial design. Trials of this nature can seek hard end points such as prolongation of survival or soft 
end points such as delay in time to progression or improvement in progression-free survival.

At this time, antiangiogenic therapy remains uncharted territory in the frontier of cancer therapies. It has the potential for great promise. New agents are leading to 
bolder trial designs and the validation of new end points once not thought feasible or of clinical significance. The timing of agents and targeting of therapy remain 
unclear. Certainly, angiogenesis is an early event in cancer progression and the role of these therapies in prevention needs exploration. It is likely that in subsequent 
editions of this text there will be significantly more information regarding antiangiogenesis as an antitumor strategy than that which is currently available.
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NEW RESEARCH RATIONALE FOR PROSTATE CANCER IMMUNOTHERAPY

New, potent, and specific antineoplastic modalities for prostate cancer (CaP) are imperative ( 1). Hormonal therapy for CaP is not curative, and a large window of 
opportunity exists for adjuvant therapy after definitive treatment of the primary. As described in Chapter 21 and Chapter 22 of this book, recurrence rates after 
standard therapy for localized disease, either radiotherapy or surgery, are still more than 20% in the best academic hands. Options for primary treatment failures, 
such as hormonal therapy, chemotherapy, or radiation, are limited in terms of duration and efficacy. Although hormonal therapies offer significant remissions and 
palliation of pain from bony metastases, survival has not been significantly improved for the majority of patients who develop the inevitable progression to 
androgen-refractory disease (2). Furthermore, combinations of cytotoxic drugs active against proliferating cells in S phase (e.g., cisplatinum and etoposide) have 
currently shown limited therapeutic benefits in providing overall survival improvement in prostate cancer to date since Huggins' first paper in 1941.

Although perhaps ignored by investigators eager to pursue early new drug development, CaPs in vivo may in part be “kinetically resistant” to cell-cycle poisons active 
in breast cancer medical oncology. In patients, many clinical metastatic prostate tumors manifest a very low growth fraction and are therefore kinetically resistant to 
many of these active agents that kill in S phase (2). Osseous metastases from CaP can often have less than 3% of CaP cells in S phase. Thus, nearly one-third of all 
newly diagnosed CaP patients who have locally advanced or metastatic cancer at diagnosis are ultimately faced with an urgent need for new treatment options in 
addition to antiproliferative cytotoxic drugs. Thus, modalities that kill independent of cell cycle have become attractive for research. Antibodies, macrophages, natural 
killer (NK) cells, and T lymphocytes all can kill tumor cells in vitro, independent of cell cycle. Given the unmet medical need and measurable explosion in potential new 
molecular biology applications for cancer immunotherapy, it is logical that clinical and basic research has begun exploration of new directions in CaP immunotherapy 
since 1993.

Immunotherapy research for solid tumors in the era preceding recombinant DNA has had a venerable past. With some remarkable exceptions, it has also been largely 
inactive in the clinic. More than a century ago, Coley and colleagues began clinical investigation with cancer immunotherapy using pyogenic bacterial extracts and 
tumor vaccines (3). In the 1970s, before recombinant DNA biotechnology allowed mechanistic dissection of immune responses, Brannen and colleagues showed it 
was possible in some patients to detect preexisting systemic immune responses to autologous CaP cell lysates bearing tumor-associated antigens ( 3). Thus, data 
suggested that the host immune response can recognize undefined CaP cell–associated antigens. In the clinical development of recombinant interferon-alpha (IFN) 
and interleukin-2 (IL-2), no significant activity was observed for CaP, and this tumor type was relegated to a class of tumors that was not of priority for immunotherapy 
development. CaP was viewed by basic scientists as a largely nonimmunogenic tumor type; adjuvants such as bcg with prostate tumor vaccines in pilot trials and 
animal research with the rat CaP Dunning model had suggested this tumor type was nonimmunogenic—unrecognizable to the B-cell or T-cell arm of the immune 
system (W.W. Scott, personal communication, 1991). As late as 1995, major medical oncology textbooks that dealt comprehensively with CaP clinical trials did not 
bother to reference negative results of immunotherapy clinical trials for it.

Why has the paradigm shifted to a discussion in this chapter of the vibrant new rationale for research on prostate immunotherapy? At minimum, two major forces are 
at work. First, the time is right: the science of cancer immunotherapy is readily translatable to clinical research ( 4). Second, CaP is antigenically attractive for full-scale 
induction of new therapeutic forms of autoimmunity, a factor considered inconceivable 5 years ago ( 3).

Fundamentally, there has never been a brighter moment in biomedical research to manipulate therapeutic immune responses against solid tumors previously 
conceived as immunity resistant. New knowledge exists to do so (Table 54-1). The principal effectors of human immune responses have now been characterized with 
increasing precision. The understanding of the molecular biology of B- and T-cell activation and regulation has deepened to the point that therapeutic predictions can 
be made, tested, and interpreted in clinical trials ( 4). An unanticipated benefit of the human immunodeficiency virus epidemic has been research funding of basic 
research on human T-cell biology and disclosure of how the T-cell receptor is used to recognize cancer-associated peptides. This essential new knowledge has had a 
direct leavening influence on new concepts on activating and augmenting T-cell responses to solid tumors, such as CaP. The precise signals and co-stimulatory 
molecules that activate many immune responses also have been identified ( 4). More than 40 genes encoding the activation molecules (cytokines and lymphokines) 
and their ligand-specific receptors have been identified, cloned, and evaluated as molecular therapeutics. This allows each to be considered for use as purified and 
well-characterized drugs in the form of proteins or DNA. Many of these immunostimulatory molecules have become far more potent therapeutically as adjuvants than 
bcg or Cryptosporidium parvum extracts. This is because they are the human body's own activation molecules for the repertory of immune responses necessary to 
withstand and survive constant viral, bacterial, and fungal infections. Furthermore, recombinant DNA biotechnology has allowed commercial-scale generation of 
specific mouse monoclonal antibodies generated against prostate-unique antigens. These can be chimerized so that most of the candidate therapeutic antibody is 
encoded from the human Fc DNA sequences and thus avoids neutralizing effects of human antimouse monoclonal antibodies ( 5).



TABLE 54-1. NEW RATIONALE FOR PROSTATE CANCER IMMUNOTHERAPY

In addition to the new molecular immunology is the scientific realization that CaP is particularly attractive antigenically for novel approaches to immunotherapy. The 
prostate is an accessory organ that is not needed for potency or fertility; complete eradication of cells bearing prostate-unique antigens using immune responses can 
be envisioned as a therapeutic goal. Currently, expression sequence–tagged RNA libraries suggest that more than 500 unique genes to the prostate—and no other 
adult organ—can be considered candidate antigens for defined immunologic attack ( 6). Current research in T-cell–mediated cancer immunotherapy further suggests 
that to cure experimental animals with preestablished tumors, it is critical to create T-cells that have autoimmune properties. These T cells are tolerant to normal 
organs in situ but are tumoricidal against tumors expressing these normal antigens at ectopic metastatic sites once these T cells are stimulated by immunotherapeutic 
manipulations. For example, therapeutic T-cell tumor antigens found in melanoma patients are expressed not only on the melanoma but also on normal melanocytes 
(MART-1, gp100, tyrosinase, tyrosinase-related protein-1, and tyrosinase-related protein-2). Clinical responses have been identified in human melanoma patients 
whose activated T cells recognize the MAGE-1 to -3, gp100, and tyrosinase genes. These melanoma-associated antigens are normal “self proteins” that are highly 
expressed in normal melanocytes, as well as by melanomas at metastatic sites. Furthermore, breast, colon, lung, and even some CaPs can express MAGE antigens. 
T cells specific for peptides of the self-protein tyrosinase can be isolated from normal individuals and can attack and kill melanoma tumor cells from human leukocyte 
antigen (HLA)-matched cancer patients (7). These are not necessarily tumor-specific cancer antigens but rather cancer-associated antigens that are 
immunodominant. Indeed, evidence has grown that the distinction between self antigens and tumor antigens for T cells is vanishing. A class of tumor-associated 
antigens (MAGE-1, MAGE-3, GAGE-1 and-2, and RAGE) is overexpressed in solid tumors and only elsewhere expressed in the germ cell of the testes. More to the 
therapeutic point for cancer patients is “breaking immunologic tolerance” to tumor-associated self proteins that can be attacked selectively by autoimmune 
mechanisms without causing damage to neighboring normal tissues. For example, anti-MAGE–reactive T cells can induce tumor regressions in melanoma without 
apparent adverse autoimmunity (8). Self antigens of known treatment targets associated with tumors do induce weak autoimmune T- and B-cell responses before 
diagnosis. For example, women with breast cancer with Her2/neu overexpression have T cells reactive to Her2/neu peptides and immunoglobulins against Her2/neu 
(10). Because tumors express over more Her2/neu than normal tissues, efforts are focussed on driving autoimmunity against this antigen in breast and ovarian 
cancer. In summary, interest in driving T cells against similar organ-unique peptide antigens to create autoprostate T-cell immune responses now has a strong basis 
in the new age of molecular immunology.

HARNESSING IMMUNITY FOR PROSTATE CANCER THERAPEUTICS

Antigens

A basic understanding by the CaP oncologist of the immune system is required to understand emerging research immunotherapy strategies for CaP. An immune 
response requires two phases: first, a recognition of a pathogen and second, the mounting of a response to eliminate it. The pathogen may be foreign, as in cases of 
infections, or self antigen, as in cases of cancer or autoimmunity. The distinguishing elements of a pathogen that are recognized by the immune system are antigens. 
The uniqueness of antigens for recognition is embedded in their coding by amino acid sequence or structure by carbohydrate protein–binding interactions. After 
recognition of the pathogenic antigen, the effector phase is activated. This consists of the coordinated response of many different cell types that work together to 
eliminate the source of antigens. These include B lymphocytes, which respond to antigen through production of antibody; T-helper lymphocytes, which direct cell-cell 
interactions and the release of cytokines; and cytotoxic T cells, which kill cells bearing foreign antigen. Additional cells that are vital to immune process are mixed 
populations of phagocytic cells whose varied functions include cytokine production, internalization and destruction of pathogens, or presentation of foreign antigens to 
T or B cells.

Essential properties of the human immune response are specificity and memory. When a particular lymphocyte recognizes antigen, it undergoes a clonal expansion 
and differentiation to effector and memory cells so that a subsequent encounter with the same antigen will trigger a potentially more effective response. This system is 
further regulated by the elaboration of cytokines by a host of immune cells that direct the immune response toward the production of antibodies; the production of 
cytotoxic T-cell responses; antibodies and T cells; or, at times, toward no response, otherwise known as tolerance.

B Cells and Antibodies

B lymphocytes develop in the bone marrow. Each B cell is genetically programmed to encode a unique surface receptor that is specific for a particular antigen. In 
concept, multiple antibodies might be expanded that recognize tumor-associated antigens. Once the surface receptor binds its specific antigen, it relays a signal that 
causes the B cell to multiply and differentiate into plasma cells. Plasma cells, in turn, produce large quantities of the receptor molecule in a soluble form known as the 
antibody. Antibodies are large glycoproteins found in blood and tissue fluids. By maintaining the same molecular-binding specificity as the original B-cell receptor, the 
antibody can then bind to the same antigen originally recognized by the B cell but now at distant sites. The binding of an antibody to a foreign antigen causes it to be 
targeted by macrophages and allows it to be more easily internalized by phagocytosis.

T Cells

T lymphocytes are derived from bone marrow cells but mature in the thymus. There are several different types of T cells that are defined by their surface markers and 
functions. T helper cells (Th) interact with other immune cells to influence their function. Th1 cells interact with mononuclear phagocytes and generally help them to 
destroy intracellular pathogens such as viruses through the elaboration of various cytokines. Th1 cells are essential in destroying human cells infected with viruses, 
as they can recognize viral antigens expressed on the cell surface. Th2 cells interact with B cells and help them to divide, differentiate, and make antibodies. Another 
T-cell population can destroy host cells bearing foreign antigen and are called cytotoxic T cells. T cells recognize peptide antigens when they bind to their receptor 
molecule, the T-cell receptor. Each T cell has a unique antigen-recognition receptor that can bind a specific antigen. T cells are activated to perform their particular 
function when antigen binds the T-cell receptor together with a major histocompatibility complex (MHC) molecule on the surface of the cell bearing the antigen along 
with an activator molecule on the same cell surface. Th cells require MHC class II on the target cell surface for activation, whereas cytotoxic T cells require MHC class 
I on the target cell surface. T cells generate their effects by releasing cytokines, soluble proteins that affect other cells, or direct cell-cell interactions.

T Helper Cells

Th cells are phenotypically defined as those bearing the cell-surface marker protein CD4. Based on murine models, there are two distinct populations of CD4+ cells 
(Th1 and Th2) that can be distinguished by their functions and cytokine profiles, rather than by surface marker phenotyping. As these cells may each be 
therapeutically useful, both are under study. Th1 cells secrete cytokines IFN-gamma and tumor necrosis factor a (TNF-a). These cytokines, in turn, mediate 
responses to viruses, bacteria, and protozoans. Th2 cells secrete cytokines that help B cells proliferate, expand, and differentiate into plasma cells in the face of 
infection. Th1 responses lead to increased cellular immune responses to tumor, as well as increased secretion of tumoricidal IFN-gamma, and TNF-a T cells have 
been used for adoptive immunotherapy trials because of their ability to function as cytotoxic effectors, mobile cytokine factories, and antibody production stimulators.

Cytotoxic T Cells

T-killer cells, or cytotoxic T cells, are phenotypically defined as those bearing the CD8 cell surface molecule. Cytotoxic CD8+ T cells require antigen in a complex with 
MHC class I and beta 2-microglobulin to effect cell killing. Tumor cells that lack class I MHC expressions can therefore escape from class I mediate killing. This is 



thought to be one of the pathways of resistance of CaP to T-cell killing ( 12,13). Some preclinical approaches have explored the use of gene therapy to augment or 
restore class I MHC expression of tumor lines, but clinical applications of this technology have been limited.

Antigen-Presenting Cells: Dendritic Cells and Macrophages

“Professional” antigen-presenting cells (APCs) are essential to the development of tumor-specific responses. Macrophages have the function of presenting antigens 
to CD4 T cells and B cells. A subtype of APCs, the dendritic cells (DCs) are found in the epidermal layer of the skin, respiratory system, and gastrointestinal system, 
as well as the interstitial regions of several organs. DCs are the most potent presenters of antigen in the immune system. Only in the past 5 years has their 
importance for multiple strategies of cancer immunotherapy become evident. On a per cell basis, compared to macrophages, DCs are the most potent APCs in the 
body (13). DCs can trigger powerful T-cell responses and eradicate experimentally induced infections and tumors ( 14). DCs capture full-length proteins, proteolytically 
digest them, and then present the resulting “processed” peptides on their cell membranes bound to MHC antigens ( Fig. 54-1). Fully activated, they sprout long 
dendrites in three dimensions likened to docking arms on space stations. These arms (dendrites) act as docking surfaces for the adherence of T cells on their surface, 
which attach like small spaceships. In addition to these “docking arms,” the cell surface expresses high levels of T-cell co-stimulatory proteins, such as CD80 and 
CD86, that are needed for full activation of T cells. Protein antigens are presented to cytotoxic lymphocytes as small peptides, eight to ten amino acids in length, 
bound in a groove of the MHC class I molecule. Antigens presented to Th cells are slightly longer. Activation of the T cells leads to release of cytokines and new 
surface molecules on the T cells, which further enhances the function of the APCs, causing them to up-regulate expression of MHC molecules, co-stimulatory 
molecules, and cytokines.

FIGURE 54-1. Prostate peptide loading of dendritic cells. CTLa, cytoxic T lymphocyte–associated antigen; CTLm, CTL memory; GM-CSF, granulocyte-macrophage 
colony-stimulating factor; IFNg, interferon-g; IL-2, interleukin-2; PAP, prostatic acid phosphatase antigen; PCA, prostate cancer; PSA, prostate-specific antigen; 
PSMA, prostate-specific membrane antigen; Tha, T-cell helper activate; Thr, threonine.(See also color Figure 54-1 .)

Natural Killer Cells

NK cells are large lymphocytes that can recognize alterations on the surface of host cells. When exposed to high concentrations of IL-2 in vitro, NK cells differentiate 
into lymphokine-activated killer cells that can lyse fresh tumor specimens ( 15). This leads to a theory that NK cells are partly responsible for tumor surveillance. They 
do not express antigen receptors and, unlike cytotoxic T cells, they can kill cells that lack MHC molecules. They also can destroy cells that have become coated with 
antibody. This is known as antibody-dependent cell-mediated cytotoxicity or killer cell activity. Their primary function is to recognize and kill virus-infected cells and 
possibly tumor cells. NK cells release IFNs, IL-1, and granulocyte-macrophage colony-stimulating factor (GM-CSF) when activated, which may further amplify the 
immune response. NK cells themselves, by lack of an antigen receptor, are nonspecific. Coordination of their tumoricidal activity requires a cancer antigen–specific 
antibody or T cell.

Antibodies: Soluble Mediators of Immunity

Antibodies are produced by B cells after stimulation by T cells in the presence of foreign antigen. Each B cell produces a unique antibody with a unique 
antigen-binding site, termed the fragment antigen binding (Fab). All antibodies share a common section, termed the Fc, which interacts with other cells of the immune 
system. Phagocytes can bind the Fc portion of antibodies, which permits easier phagocytosis of the antigen bound by the antibody. The Fc component also binds 
complement, which consists of a group of proteins that interact in a cascadelike manner to cause the lysis of cells with antibody bound to their surface antigens. 
Although each antibody has a unique Fab section, it is possible that more than one antibody is capable of binding to the same antigen, as each antibody may 
recognize a different portion of the antigen. Each segment of the antigen that contains an antibody recognition site is termed an epitope. Once antibody is bound to 
foreign antigen, the complex becomes a target for phagocytic cells to destroy. Antibodies can kill cancer cells by complement-mediated lysis, antibody-dependent 
cell-mediated cytotoxicity, or by generalized inflammatory reactions ( 5).

Biotechnology has allowed antibodies to become U.S. Food and Drug Administration (FDA)-approved drugs for cancer. Native, humanized, toxin-conjugated, and 
radionucleotide-conjugated monoclonal antibodies have all been evaluated in oncology. Anti-CD20 antibodies have been used successfully to cure non-Hodgkin's 
lymphoma, and treatment with anti-Her2/neu antibodies improves metastatic breast cancer survival in patients whose cancers overexpress Her2/neu ( 16). Attempts to 
systemically treat CaP with monoclonal antibodies in clinical trials are discussed in Chapter 52 of this book. Nevertheless, as discussed elsewhere in this volume, 
radionucleotide-conjugated antibodies directed against prostate-specific membrane antigen (PSMA) (ProstaScint) can bind and allow imaging of CaP metastasis ( 5). 
Toxin-linked monoclonal antibodies have been used to treat Hodgkin's disease, but responses were limited by the development of antibodies against the toxins linked 
to the therapeutic antibody.

Cytokines

Cytokines are the general term for a large group of polypeptide molecules involved in the signaling between cells during immune responses ( 4). Cytokines are 
proteins or peptides produced by cells of the immune system. There are distinct families of cytokines, including IFNs, Ils, and colony-stimulating factors. They are 
small proteins that usually exert their effect in an autocrine (on the cell that produced them) or paracrine (on cells close by) fashion. The production of the molecules 
is usually transient and tightly regulated. They act by binding to specific transmembrane glycoprotein receptors at the cell surface and set off a cascade of protein 
interactions that often leads to alterations in gene transcription and translation. Several cytokines have similar actions; there is a redundancy in their roles. They also 
usually work in concert with other cytokines, although many cytokines like IFN-alpha, IFN-gamma, IL-2, and IL-12 have been tested as drugs and given intravenously 
in an endocrine fashion. Most work physiologically as paracrine signals. Paracrine molecules exert their actions locally at sites of infection or therapeutic vaccination. 
Cytokines function in a complex network in which the production of one cytokine will influence the production of or response to others. Cytokines such as GM-CSF 
have emerged in early phase I and phase II trials as potentially critical in making poorly immunogenic CaP cells recognizable to the patient's immune system.

Antigens

The past decade has seen substantial progress in efforts to define the antigens recognized on cancer cells ( 7). These might include viral antigens in the case of 
virus-associated tumors or variants of normal tissue antigens that have minor variations that alter their function, leading to oncogenesis. Normal antigens expressed in 
tumors may be altered by variant glycosylation. Some tumor-associated antigens are common to normal and tumor cells but are overexpressed on tumor cells, such 
as Her2/neu or MAGE. In these cases, the challenge of the cancer immunotherapist is to exploit these differences to develop a therapy that will destroy tumor cells 
while sparing normal cells that express similar antigen or lower levels of the identical one. Many groups have begun to ask whether cancer-specific mutant genes 
such as p53, the most commonly mutated tumor suppressor gene in solid tumors, can be used as antigens. Tumor antigens can also be differentiation antigens, which 
are expressed by the tumor and the normal differentiated cell from which the tumor originated. Alternatively, they can also be “oncofetal” antigens, which are 
differentiation antigens expressed strictly during development but not normally on adult tissues. The host's immune system would not recognize any of these antigen 
types as foreign, because they have been present on normal cells at some time. Immunotherapists for cancer attempt to break this tolerance through nonspecific 
means via cytokine therapy or through directed approaches to be discussed later. The problem with targeting antigens common to normal and tumor cells is that 
therapy aimed at destruction of the tumor may also destroy normal cells. For example, some patients receiving immunotherapy for melanoma have developed vitiligo 



from destruction of normal melanocytes (17). In the case of CaP, the hope is that therapies directed against prostate-specific antigens (PSAs) will have minimal 
toxicities even if active against normal tissue, as the prostate is not a vital organ ( 3).

Defining the expression of tumor-associated antigens on primary and metastatic CaP is a key step in selecting appropriate targets for immune attack with vaccines or 
other strategies. Monoclonal antibodies, directed against tumor cell lines, have helped to identify several tumor antigens. Using immunohistochemistry, Zhang et al. 
compared the distribution of 18 tumor-associated antigens on primary and metastatic CaP, as well as 16 normal tissue samples ( 18). They found that 
granulocyte-macrophage-2, KSA, and MUC2 were strongly expressed on eight of nine metastatic CaP biopsy specimens and that PSMA, transferrin, tension, and sTn 
were present in 8 of 11 primary CaP specimens. Tn, MUC1, and PSMA were expressed on approximately half of the nine metastatic specimens. Normal tissues were 
also tested with these antigens. PSMA was the only antigen that was not significantly expressed on any of the normal tissues except prostate epithelium and, weakly, 
on skeletal muscle cells. MUC7 and Her2/neu, although not frequently expressed by CaPs, were also not found in normal tissues, suggesting they would be excellent 
targets for other cancer therapies.

Currently, three candidate peptide antigens for CaP vaccines that have undergone clinical investigation are prostatic acid phosphatase (PAP), PSA, and PSMA. PAP 
is differentially expressed in prostate epithelial and CaP cells. PSA is a serine protease discussed at length in Chapter 15 of this book. More than 90% of CaPs and 
100% of epithelial cells lining the ducts and acini of the prostate express the PSA protein. In contrast to PSA, PSMA is an integral membrane glycoprotein. Its 
expression is highly restricted to prostate epithelial cells, although it is also expressed at very low levels on skeletal muscle as well as small intestine ( 19). PSMA is 
expressed on a high proportion of CaPs, with increased expression often correlating with higher-grade cancers, metastatic disease, and hormone-refractory CaPs. It 
is also intriguing that monoclonal antibodies directed against its extracellular domain react with tumor vascular endothelium of a wide variety of carcinomas (lung, 
colon, breast) but not normal vascular endothelium, suggesting that effector cells directed against this antigen might attack more than one aspect of the cancer as it is 
directed against cancer cells and its vascular supply.

In the case of CaP oncology, prostate antigens secreted by the tumor can also be applied as biomarkers for monitoring of therapeutic effects. For example, PSA is 
detected in sera by enzyme-linked immunoabsorbent assay to monitor CaP development and can be used to monitor response to treatment with cancer vaccines. 
PSMA has been used diagnostically as part of a CaP imaging method (ProstaScint), which uses a monoclonal antibody specific for PSMA. Levels of PSMA are 
elevated in the sera of hormone-refractory CaP patients with advanced disease, suggesting that it too, like PSA, could be used to monitor disease progression ( 20). 
Enhanced expression of PSMA was detected in hormone-refractory CaP, presenting the possibility that PSMA may be used in the future to predict disease with worse 
prognosis (21). PSMA has been used as an antigen for loading DC-based vaccines, and PSA has been used to monitor clinical response ( 22).

Tolerance

Immunologic tolerance is a state of unresponsiveness that is specific for a particular antigen. It is induced by prior exposure to that antigen during a period of immune 
system development. Tolerance prevents harmful reactivity against the body's own tissues as well as common innocuous antigens that are encountered, such as 
those in food. Self-tolerance usually occurs during embryonic development but can also occur afterwards, depending on several conditions. Some of these include the 
nature of the antigen, stage of differentiation when the lymphocytes first encounter the antigen, site of the encounter, nature of the cells presenting the epitope, 
number of lymphocytes responding to the epitope, and cytokine milieu during the encounter. Some aspects of the antigen influence the type of immune response that 
occurs. For example, very large doses of antigen can often result in specific T- and sometimes B-cell tolerance. Specific host-antigen interactions may also play a role 
if there are no epitopes within the antigen that bind the host's MHC subtype. This may help explain certain cancer predispositions occurring with some MHC subtypes. 
The route of administration of an antigen can also determine whether or not an immune response occurs. Antigens administered subcutaneously or intradermally 
evoke an immune response, whereas those given intravenously, orally, or as an aerosol may cause tolerance or an immunologic deviation.

The APC presenting the antigen may also influence whether immune responsiveness or tolerance ensues. Effective activation of the T cell requires the expression of 
co-stimulatory molecules on the surface of the APC. The presentation of antigen by DCs or activated macrophages, both of which express high levels of MHC class II 
as well as co-stimulatory molecules, results in highly effective T-cell activation. However, if antigen is presented to T cells by a nonprofessional APC incapable of 
providing co-stimulation, such as the tumor cell itself, then unresponsiveness or tolerance results. The production of different cytokines by different CD4+ helper 
lymphocyte subpopulations probably influences the development of an immune response versus tolerance. For example, cytokines secreted by Th1 cells such as 
IFN-gamma can inhibit the responsiveness of Th2 cells. IL-10 made by Th2 cells or by cancer cells themselves can down-regulate B7 and IL-12 by APCs, which in 
turn inhibit Th1 activation.

Tolerance appears to play a pivotal role in carcinogenesis, as tumor cells have escaped immune recognition at the time of diagnosis. This may be because tumor 
cells express self-antigens but may also be because they do not express immunogenic co-stimuli or the appropriate adhesion molecules for lymphocytes and 
macrophages. Many tumors have absent or decreased levels of class I MHC expression on their surface. A preclinical model using transgenic T cells from 
tumor-bearing mice suggests that antigens expressed on tumor cells still fail to induce immune responses. Some tumors also express immunosuppressive cytokines, 
which would then give them a selective advantage from blunting antigen recognition. Tumor cells bearing altered MHC proteins that do not bind antigen or the T-cell 
receptor also have a selective growth advantage. Any of these mechanisms—and others—could result in the induction of immune response protection at the site of 
tumor cells.

New immunotherapy strategies strive to overcome CaP “tolerance” by manipulating the tumor cells themselves or the conditions under which the immune cells 
encounter CaP-associated tumor antigens. Some strategies require removing the immune cells to make these modifications, whereas others remove tumor cells, 
manipulate them, and then reintroduce them to the host in a more immunogenic context. Regardless of the strategy, the objective overall is to “break host tolerance” 
against CaP in the patient using immunotherapy.

APPROACHES TO PROSTATE CANCER IMMUNOTHERAPY

Two new approaches to cancer immunotherapy are undergoing clinical trial tests: activation immunotherapy with immunization (vaccines) and adoptive 
immunotherapy (Table 54-2). Both are intended to break tolerance. The development of immunotherapies based on specific stimulation of immune reactions against 
known characterized tumor antigens is distinctive from previous approaches using cytokines. These earlier approaches used the stimulation of the immune system 
against uncharacterized antigens with systemic administration of cytokines. Earlier studies used IL-2 to induce broad stimulation of the immune system to obtain FDA 
approval for use in treating renal cell carcinoma. Systemic use of cytokines to elicit a macroscopic response to attack tumor cells has had limited but clear success in 
the therapy of melanoma and renal cell carcinoma. IL-2 has no direct cytotoxic effect on cancer cells but rather exerts its immunotherapeutic effect by stimulating 
T-cell host immune responses that, by being augmented, can now respond to tumor associated antigens.

TABLE 54-2. PROSTATE CANCER IMMUNOTHERAPY STRATEGIES

Newer approaches include the ex vivo (out of the body) stimulation of antigen-specific cytotoxic T lymphocytes (CTLs) directed at tumor-specific antigens. DCs can 
also be cultured from peripheral blood or bone marrow and loaded with peptides or tumor lysates for clinical use ( 24). The ex vivo culture of DCs in the presence of 



peptides is being used to educate patients' immune systems and stimulate them against specific prostate tumor antigens as described later ( Fig. 54-1).

Other active immunotherapy strategies enhance the immunogenicity of the tumor through gene modification that augments immune recognition by transducing 
cytokines or co-stimulatory molecules into the tumor cell vaccines ( 3,24). Gene transfer is accomplished outside of the patient's body, and the approach has been 
designated ex vivo gene therapy. These genetically engineered whole tumor cell vaccines have been a major area of gene therapy research in cancer 
immunotherapy. These are then used as vaccines to stimulate DCs and T cells to up-regulate systemic responses to the immunogens ( Fig. 54-2). When compared 
head to head against many different immunostimulatory genes, one immunostimulatory gene has shown impressive activity in models of poorly immunogenic tumors, 
including CaP. GM-CSF–secreting cancer cell vaccines, generated from cancer cells by ex vivo gene transfer, elicit tumoricidal antitumor immune responses in a 
variety of animal tumor models, including preclinical models of hormone-refractory CaP and in human clinical trials ( 3). Irradiated GM-CSF–secreting cancer cell 
vaccines induce antitumor immune responses by recruiting APCs such as DCs to immunization sites. DCs, the most potent immunostimulatory APCs yet 
characterized, activate antigen-specific CD4+ and CD8+ T cells by priming them with antigens processed from the dying cancer cells ( 25). Recent preclinical studies 
have suggested that CD4+ T cells activated by GM-CSF–secreting cancer cell vaccines do not merely facilitate cancer cell destruction by CD8+ T-cell cells ( 25). In a 
phase I clinical trial of this treatment approach for malignant melanoma and advanced CaP, T- and B-cell immune responses against melanoma antigens and prostate 
antigens were detected (26,27 and 28).

FIGURE 54-2. Granulocyte-macrophage colony-stimulating factor (GM-CSF) cytokine gene–transduced irradiated autologous prostate cancer (PCA) vaccine cells. 
MHC, major histocompatibility complex; Th1, T helper cell 1.

NEW CLINICAL TRIALS IN PROSTATE CANCER IMMUNOTHERAPY

With the emergence of a strong molecular rationale for testing new concepts, new concepts of immunotherapy for CaP have entered early clinical investigation. All 
involve the use of new candidate therapeutic antigens. Although not considered particularly immunogenic, CaP has several unique differentiation antigens that it 
shares only with the prostate epithelium. In an initial assessment of expressed genes in the human genome project, more than 500 unique-expressed sequence tags, 
including the PSA gene messenger RNA, were found. Thus, many prostate-unique candidate genes might be potential protein antigens for vaccines that break 
tolerance to CaP cells. Antigen choices have been the use of glycoproteins, which are immunogenic or prostate-associated antigens in the form of specific proteins or 
whole tumor cell vaccines. Current clinical trials are directed against portions of defined carbohydrates and glycoproteins specific to CaP. Other strategies use whole 
tumor cells as vaccines in the hopes that they will provide a wider array of antigens, some of which may not be defined. The strategy behind adoptive immunotherapy 
is to educate immune cells ex vivo to respond to prostate antigens and then reintroduce them to the patient in the hopes of reconstituting a specific immune response 
against CaP cells. Investigational groups are still evaluating which cell types, immune effector arms, and antigen models are most effective.

Single Peptide Vaccines

Because PSA is an obvious candidate antigen, it has been used as a recombinant peptide as a vaccine. Early clinical development was conducted in phase I/II trials 
of hormone-refractory CaP, and different adjuvants were tested (25). These vaccines mount T-cell responses in some patients but have not demonstrated significant 
clinical responses in peer-reviewed literature at this writing. An alternative approach that is still under investigation has been to vaccinate patients with a vaccinia 
virus vector containing the PSA gene (Sanda, University of Michigan).

Carbohydrate Vaccines for Prostate Cancer

Oncogenesis is often associated with changes in the expression of cell-surface carbohydrates. Globo H is a hexasaccharide, originally isolated by Hakamori and 
co-workers on a human breast cancer cell line. Although expressed on normal tissues, its expression on cancer cells is more extensive. When synthesized artificially 
and used as a vaccine in mice, it was found to be highly immunogenic. Immunohistochemical methods detected enhanced expression of this antigen on primary and 
metastatic CaP (18). It was therefore selected as a rational target for immunotherapy vaccine strategies. Slovin and co-workers at Memorial Sloan-Kettering Cancer 
Center synthesized globo H hexasaccharide conjugates and used them as a vaccine in patients with relapsed CaP ( 25). Relapse was defined as three consecutively 
rising PSA values determined at a minimal interval of 2 weeks or visible metastatic disease. Vaccine was administered as five subcutaneous vaccinations of 36 
weeks. No significant side effects were noted, with the major toxicities being local reactions at the injection site, chills, and fever. Patients responded to the vaccine 
with the expression of significant titers of immunoglobulin M antibody, with maximal response by week 9 and a decline in values by week 19. Despite immunoglobulin 
M production, all patients continued to have a rise in their PSA during the first 26 weeks of therapy, although in some patients the rate of PSA rise appeared to slow. 
Several patients who had evidence of disease relapse restricted to a rising PSA had a treatment effect occur within 3 months after completion of the vaccine therapy. 
The slope of the log of PSA concentration versus time plot after treatment declined, compared with values before treatment. Five patients had stable PSA slope 
profiles in the absence of any radiographic evidence of disease for 2 years after completing vaccination. The concept of using PSA slope profiles in assessing early 
treatment effect vaccine trials is not validated but has stimulated further validation in phase II and III trials.

Granulocyte-Macrophage Colony-Stimulating Factor Gene–Transduced Irradiated Whole Cell Tumor Vaccines

The whole cell tumor vaccine was initially proposed with the idea that a tumor cell introduced in a novel manner can provide a platform that expresses whole tumor 
antigens for antigen processing and, therefore, immune response. This concept has been improved on by combining the basic vaccine platform with cytokine 
adjuvants. Dranoff and Mulligan screened cytokine complementary DNAlike drugs to establish a rank order of cytokine potency for gene-modified murine melanoma 
vaccines (30). They used a high-efficiency replication-defective retroviral vector (MFG) to drive expression and secretion of cytokines. GM-CSF was found to be 
significantly more immunostimulatory in the tumor vaccine setting when compared to other cytokines, with IL-4 and IL-6 also manifesting some activity. Using a rat 
model, Sanda et al. showed preclinical efficacy and clinical feasibility of using GM-CSF gene-transduced autologous vaccines in the therapy of micrometastatic 
disease (31).

The first human study of the GM-CSF gene–transduced irradiated tumor was conducted in renal cell carcinoma ( 32). Patients were treated in a randomized 
double-blind dose-escalation study with equivalent doses of autologous irradiated renal cell carcinoma vaccine cells with or without ex vivo human GM-CSF gene 
transfer. Patients within a given study arm received escalating doses of cells within that treatment arm until limiting dose toxicities were reached. No dose-limiting 
toxicities were encountered. Vaccine site pruritus was the major toxicity associated with vaccination and was present in both arms of the study. Biopsies of intradermal 
sites of injection with GM-CSF–transduced vaccines were positive for macrophage, DC, eosinophil, neutrophil, and T-cell infiltrates. Delayed-type hypersensitivity 
(DTH) conversion to challenge with irradiated autologous unpassaged renal cell carcinoma after treatment suggested the generation of T-cell responses to antigens 
expressed on autologous tumor cells.

This same approach to GM-CSF gene–transduced whole tumor vaccines was tested in a phase I trial of CaP patients with advanced CaP discovered at radical 
prostatectomy (32). Yields from primary culture of tumor cells limited expansion of vaccine cells from primary tumor, but GM-CSF gene transfer was accomplished 
successfully. Vaccination side effects were limited to pruritus, redness, and swelling, which were all manageable on an outpatient basis. Nevertheless, activation of 
T-cell responses to autologous prostate tumor cells was observed. Furthermore, associated with the recruitment of DCs and macrophages to the vaccination sites was 
the induction of oligoclonal antibodies against autologous tumor–associated antigens. Based on these data suggesting that tolerance can be broken to 



prostate-associated antigens by loading them via vaccination with GM-CSF gene–transduced vaccines, multiinstitutional phase II clinical trials using allogeneic 
GM-CSF gene–transduced vaccines are under way. The first of these showed clinical responses by National Cancer Institute PSA response criteria and induction of 
new antibodies associated with clinical response ( 34). In these trials, a sterile unpassaged autologous tumor is not available from most of the patients, as they often 
underwent surgery at other institutions as part of standard therapy. Therefore, the tumor cell used in this study is not derived from the patient being treated but instead 
derived from two preestablished human CaP cell lines. The two cell lines are PC3 (derived from a bone metastasis) and the PSA-expressing LNCaP (derived from a 
lymph-node metastasis). The two cell lines are used as potential CaP-associated antigen sources in place of the patients' tumors ( Fig. 54-3). These vaccines have 
induced some self-limited toxicity, including pain during administration, low-grade fevers, erythema, and pruritus ( Fig. 54-4). This very favorable toxicity profile has 
allowed several different approaches to clinical development, including combination with hormonal therapy and investigational chemotherapy.

FIGURE 54-3. Granulocyte-macrophage colony-stimulating factor (GM-CSF)–transduced irradiated allogeneic prostate cancer (PCA) vaccine cells LNCaP + PC3. 
CEA, carcinoembryonic antigen; LN, lymph node; Met, metastasis; MHC, major histocompatibility complex; mut, mutant; PSA, prostate-specific antigen; PSMA, 
prostate-specific membrane antigen; Th1, T helper cell 1.

FIGURE 54-4. Outpatient safety of genetically engineered prostate cancer vaccines: activating dendritic cell antigen presentation intradermally 24 hours 
postvaccination. Allogeneic granulocyte-macrophage colony-stimulating factor gene–transduced irradiated prostate cancer vaccine cells.(See also color Figure 54-4 .)

Dendritic Cell–Based Vaccines and Infusions

DCs are considered the most potent APCs of the immune system and are unique in their ability to stimulate naïve T cells. Tumor vaccines that optimally activate DCs 
are currently receiving the greatest intensity in preclinical and clinical investigation. DCs capture vaccine proteins, proteolytically digest them, and then present the 
resulting peptides on their cell membranes bound to MHC antigens, making them the cellular mechanism of “adjuvants.” DCs also express high levels of the 
co-stimulatory molecules CD80 and CD86, which are required for T-cell activation. Nevertheless, an alternative to tumor cell vaccination with GM-CSF 
gene–transduced irradiated vaccine cells is to use ex vivo autologous antigen–loaded DCs themselves.

DCs can now be isolated by leukophoresis and cultured with new biotechnology. They are derived from peripheral blood using cytokines, such as GM-CSF, IL-4, and 
TNF-a, and other growth factors. They then can be loaded with defined antigens. Murphy and colleagues were the first to report on the use of a CaP vaccine that uses 
patients' DCs and PSMA-derived peptides to induce CaP-specific T cells in vivo (22,35). Each participant underwent leukapheresis to harvest DCs from the peripheral 
blood. DCs are isolated and then cultured in the presence of GM-CSF and IL-4 for 7 days. Cultured DCs were then incubated for 2 hours in the presence of purified 
peptides derived from PSMA. Peptides (PSM-P1 and -P2) were seven to ten amino acids in length and were selected for their ability to bind the MHC class I-A2 
molecule with high affinity. The cells were then washed, resuspended, and infused more than 30 minutes into the patient from which they were isolated. All study 
participants were followed before, during, and after treatment with periodic PSA levels, free PSA levels, PSMA, complete blood counts, CHEM-22, bone alkaline 
phosphatase, initial chest x-ray, bone scans, and ProstaScint scans. A DTH test against a panel of common antigens was conducted at the beginning of the phase I 
study and repeated during the phase II study with each patient to measure their general immune response activity.

The phase I study using this approach was conducted in Seattle in 1995. Its goal was to examine the safety of administering HLA-A2–specific PSMA peptides, 
autologous DCs, and peptide-pulsed autologous DCs to patients. Fifty-one patients with advanced hormone-refractory CaP were enrolled. The majority of patients (39 
of 51) were stage D2 (T4N1-3M1a-c). Fewer than 25% of these patients were considered fully immunocompetent as assessed by DTH skin tests. The initial phase I 
trial demonstrated that infusions of autologous DCs and HLA-A2–specific PSMA peptides were well tolerated by all 51 study participants. As in the case of prostate 
tumor vaccines, at the completion of four infusion cycles, the maximum tolerated dose had not been achieved. No significant toxicity, acute or chronic, was observed, 
except for mild to moderate hypotension associated with the infusion.

Patients were monitored for cellular immune modulation to the appropriate PSMA peptide. An enhanced T-cell response was observed only with HLA-A2 subjects who 
were infused with PSMA peptide-pulsed DCs but not DCs or peptide alone. Seven patients had partial disease responses as defined by decreases in PSA serum 
levels (35,36). Average PSA levels increased in the nonresponder group, whereas a decrease was observed in the seven partial responders. All patients who were on 
hormone therapy before the trial continued their treatments during the trial. In the locally advanced group (group B), 10 of 41 (27%) were reported as partial 
responders and one subject had a complete response. Eight patients (22%) showed no significant change in their disease, and 19 patients (49%) showed disease 
progression. Of note, not all of the responders were HLA-A2 positive. Three of eight (37%) responders were HLA-A2-negative, indicating that although the peptides 
were selected for their ability to bind HLA-A2, they may also bind other HLA molecules. Further studies will use a recombinant PSMA peptide consisting of the native 
sequence without the transmembrane domain in the hopes that the processed protein might bind more HLA molecule subtypes.

Using a different antigen and different DC antigen loading technique, Burch and colleagues infused DCs loaded with the PAP ( 37) (Fig. 54-1). Loading was achieved 
by preexposing patient-derived DCs to a fusion protein PA2024 consisting of the GM-CSF recombinant protein and human PAP. In this phase I study, 3 of 13 patients 
with hormone-refractory disease sustained PSA declines associated with T-cell responses and new antibodies generated against CaP. Small and colleagues have 
extended these findings in hormone-refractory CaP patients ( 23). After four infusion sessions, three patients with hormone-refractory disease were found to have 
partial responses by PSA, and time to disease progression in all patients appeared to be correlated with dose of DCs infused and development of immune responses 
to the PAP antigen. Aside from fever that could be managed with antipyretics, this therapy was well tolerated in outpatients. A pivotal trial evaluating time to 
progression and overall survival is under way with this GM-CSF–activated DC-based therapy loaded with PAP antigen (E.J. Small, personal communication).

Currently, additional approaches are underway to load polyvalent antigens from CaPs into DCs. One strategy is to load the genes encoding CaP-associated antigens 
into DCs and then have the DCs express the proteins and process them as antigens. Using polymerase chain reaction, a very small amount of the original tumor is 
required, far less than that needed for creation of tumor vaccine cell lines. Gilboa and colleagues have discovered that by using prostate tumor complementary 



DNA–loaded DCs, cytotoxic T-cell responses in these patients can be generated against the polypeptide component of telomerase (TERT) ( 38).

FUTURE DIRECTIONS: COMBINATION THERAPY WITH IMMUNOTHERAPY

Although early in their development, GM-CSF gene–transduced irradiated prostate vaccines, globo H carbohydrate antigen vaccines, and single antigen-loaded DCs 
have clinical activity in the range of reports for single-agent estramustine. Prolongation of disease-specific survival remains to be demonstrated. Of interest, 
prolongation of disease-specific survival in animals treated with GM-CSF gene–transduced vaccines was accomplished in a transgenic model of aggressive CaP by 
combining vaccination with a new therapeutic modality: anti-CTLA4 antibody. CTLA4 normally inactivates expansion of cytolytic T cells to a new antigen and has been 
studied as a mechanism for suppressing organ transplantation rejection. A monoclonal antibody that selectively blocks CTLA4 actually substantially augments T-cell 
activation and tumor-cell killing. Subtherapeutic doses of GM-CSF gene–transduced prostate vaccines can be made efficacious in mice with the combinations of 
CTLA4 antibody and GM-CSF gene–transduced irradiated CaP vaccines ( 39,40). A major new area of clinical investigation will be the combination of anti-CTLA4 
antibodies or small molecule inhibitors with loaded DCs or GM-CSF gene–transduced tumor vaccines to induce longer lasting and more potent T-cell responses to 
CaPs.

Immunotherapy can be administered to cancer patients alone or in combination with standard chemotherapy. Many chemotherapeutic agents can suppress immune 
function. Nigam and colleagues screened ten cytotoxic agents representing different classes of conventional antineoplastic drugs combined with GM-CSF 
gene–transduced tumor cell vaccines in an animal model ( 41). Included in the screen were cyclophosphamide, doxorubicin, vincristine, vinblastine, etoposide, 
methotrexate, 5-fluorouracil, cytarabine, cisplatin, levamisole, and dexamethasone. Mice were injected subcutaneously with CT26 murine colon carcinoma cells and 
then were vaccinated with irradiated CT26 cells expressing GM-CSF or left unvaccinated as a control. Vaccinated mice were then also treated 1 week later with a 
single intraperitoneal, intravenous, or oral dose of a chemotherapeutic drug. Splenocytes were then harvested 2 weeks after vaccination and assessed for CD8+ 
T-cell–mediated lysis of CT26 cancer cells. Treatment with the majority of antineoplastic drugs appeared detrimental to tumor-specific CTL generation, with 
cyclophosphamide having the most pronounced effect. Surprisingly, doxorubicin (Adriamycin) appeared to be immunostimulatory, with increased CTL activity over the 
baseline. Timing of drug administration was also important, with maximal inhibition occurring when cyclophosphamide was given in conjunction with or after 
vaccination and maximal immunostimulation occurring when doxorubicin was given before vaccination. As most immunotherapy will require combination with 
conventional treatments to achieve maximal therapeutic benefit, this study demonstrates the need for a systematic review of new combinations of chemotherapy with 
genetically engineered immunotherapy. Nonetheless, the fact that topoisomerase II inhibitors can augment the therapeutic activity of GM-CSF gene–transduced 
vaccines provides strong scientific encouragement of combination therapy in minimal residual disease settings after cytoreduction with surgery, radiotherapy, and 
cytotoxic drugs.

CONCLUSION

In view of our limited level of understanding of the most therapeutically useful prostate antigens and ignorance of mechanisms of limiting full-blown autoimmunity, the 
progress made thus far in CaP immunotherapy is impressive. Several concepts are worthy of extensive large-scale clinical investigation. The time from molecular 
discovery to pivotal phase III trial is shorter than ever with new biotechnologies of therapeutics. Outpatient safety and the absence of a “maximum-tolerated dose” for 
these approaches have been the rules to date, making them both attractive to the FDA and patients alike. Preclinical models and human trials involving correlative 
molecular science in patients continues to provide direction for basic science. The most open question is whether a monovalent or polyvalent antigen approach will 
confer greatest efficacy. Further investigation is needed to rationally define the antigens most useful for sustainable clinical benefits. A critical lesson derived from the 
accumulation of many individual approaches is that all elements of the immune system may need to be rationally exploited—T-cells, antibodies, effectors such as NK 
cells, and eosinophils around the vasculature of the tumor—and all must be harnessed to provide an optimal antitumor effect. The question has changed from the 
early 1990s as to why do immunotherapy research in CaP to how in the twenty-first century can it scientifically realize the greatest benefit to CaP patients?
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INTRODUCTION

Complementary and alternative medicine (CAM) is now a highly visible feature of contemporary health care. No longer restricted to the lay sector, CAM practices are 
widespread, and use is not uncommon among patients with prostate cancer (CaP). In the United States, as in other countries in the developed world, expenditures for 
alternative and complementary products and services exceed billions of dollars annually. Despite broad acceptance of CAM by the public, many members of the 
oncology community remain ambivalent. To some extent, this is attributable to problems of inconsistent terminology and definition, which are discussed later.

This chapter describes the prevalence of CAM use in the general public, among cancer patients overall, and among men with CaP. Specific complementary and 
alternative therapies are reviewed, and useful and problematic regimens are described.

TERMINOLOGY OF COMPLEMENTARY AND ALTERNATIVE MEDICINE

The terminology associated with unconventional medicine continues to change over time. In a popular European definition, CAM was described as “diagnosis, 
treatment and/or prevention, which complements mainstream medicine by contributing to a common whole, by satisfying a demand not met by orthodoxy, or by 
diversifying the conceptual frameworks of medicine” (1). This definition addresses complementary medicine, the term commonly applied to CAM in Europe. However, 
it does not address alternative medicine, the umbrella term applied most often to unconventional therapies in the United States.

An advantage to the phrase alternative and complementary is that it offers the opportunity to make distinctions between the two terms. Alternative therapies, which 
typically are invasive and biologically active, are promoted as cancer treatments for use instead of mainstream therapy. Conversely, complementary therapies are 
used as adjuncts to mainstream care for symptom management and to enhance quality of life.

The importance of this useful distinction was validated when the National Institutes of Health changed the name of its Office of Alternative Medicine to the current 
Center for Complementary and Alternative Medicine and by the results of a recent survey, the largest ever conducted to determine public use of unconventional 
therapies (2). The study found that only 2% of people who used unconventional remedies did so to replace, rather than complement, mainstream care.

This distinction is especially important in oncology, in which “alternative” methods are promoted as literal alternatives to mainstream care, resulting in some patients' 
selecting unproved methods instead of surgery or other mainstream therapies after tissue biopsy diagnosis. Alternative therapies by definition are unproved. If data 
supported their efficacy, then they would be brought in from the fringes of medicine to become part of the standard therapeutic armamentarium.

Patients can be helped to distinguish between these two very different categories by noting proponent claims: Nonmainstream regimens and products that claim to 
cure cancer or that claim to establish a physiologic environment in which cancer will disappear are unproved alternatives to be avoided. Complementary therapies that 
address symptoms and improve well-being represent an extension of supportive care, long a needed and valued component of oncology medicine.

COMPLEMENTARY AND ALTERNATIVE MEDICINE USE IN THE GENERAL PUBLIC

Surveys in the U.S. general public show increasing CAM use over time. In 1993, one-third of a representative sample of 1,539 adults was found to use complementary 
or alternative therapies (3).

Two surveys published in 1997 report prevalence rates of 50% of 113 family practice patients ( 4) and 42% of 1,500 members of the general public ( 5). A 1998 
publication found 42% CAM use among 2,055 people surveyed ( 6). Often, these surveys did not define CAM or, more typically, defined it extremely broadly, resulting 
in the inclusion of lifestyle activities, such as weight loss efforts, exercise, church attendance, and support activities such as group counseling, thus resulting in 
bloated figures for the use of CAM.

Studies with more restrictive definitions of CAM find lower prevalence rates. The 1999 survey of more than 24,000 individuals reports an 8% use of CAM ( 2). 
Prevalence in other surveys ranges from 10% (7) to approximately 30% (8). Similar figures are found for other industrialized countries, such as the United Kingdom 
(9), Western Europe (10), Australia (11), and Canada (12).

COMPLEMENTARY AND ALTERNATIVE MEDICINE USE AMONG CANCER PATIENTS

A recent systematic review of relevant published data (13) located 26 surveys of cancer patients from 13 countries, including five from the United States. The average 
prevalence of CAM use across all studies was 31%. Therapies most commonly used around the world included dietary treatments, herbs, homeopathy, hypnotherapy, 
imagery/visualization, meditation, megavitamins, relaxation, and spiritual healing. Subsequent investigations have reported similar findings ( 13,15). All but one survey 
conducted in the United States obtained information about specific therapies used. Patients used Laetrile, metabolic therapies, diets, spiritual healing, megavitamins, 
imagery, and “immune system stimulants” (13). There is some indication of increased CAM use among cancer patients in recent years ( 14): A secondary analysis of 



close to 3,000 cancer patients estimates a 64% increase since 1997 ( 16).

COMPLEMENTARY AND ALTERNATIVE MEDICINE USE AMONG PATIENTS WITH PROSTATE CANCER

A recent survey focused specifically on the use of CAM therapies by patients with CaP or at high risk for the disease ( 17). Approximately 25% of patients in outpatient 
clinics and 40% of those attending a support group used CAM. The most common treatments used included diets, vitamins, garlic, and saw palmetto. It is likely that 
use of PC-SPES (“PC” for prostate cancer and “SPES” from the Latin for hope) was not reported because this survey was conducted before publication of a major 
article announcing the merits of PC-SPES (18).

The prevalence of complementary therapy use in the prostate patient survey noted earlier varied significantly by medical status and was highest among men who 
were disease-free after radical therapy. The authors of this study urged urologists to take account of this pattern of use when assessing patients ( 17). The fact that 
approximately three-fourths of patients discussed their use of complementary therapies with their physicians suggests the importance of urologists raising the issue of 
CAM use.

Although research evidence is scant, the vast majority of cancer patients who use CAM seek complementary, not alternative, medicine. Approximately 8% to 10% of 
tissue biopsy–diagnosed cancer patients eschew mainstream therapy and seek only alternative care ( 19).

PHYSICIAN REFERRALS TO COMPLEMENTARY PRACTITIONERS

Data on oncologists' referrals of patients to CAM practitioners are not available and probably are extremely limited. However, generalist physicians are more likely to 
make such referrals. A survey conducted in Massachusetts, Washington, New Mexico, and Israel, for example, found that more than 60% of physicians had referred 
patients to alternative providers in the previous year ( 20). Primary care physicians were more likely than other specialists to use and to refer patients for 
complementary and alternative therapies, a finding also reported in other studies ( 20,21 and 22).

Referral for and delivery of CAM by doctors are probably more common abroad than in the United States. There are, for example, more than 10,000 doctors practicing 
homoeopathy in France and Germany and nearly 2,000 doctors practicing acupuncture in the United Kingdom ( 23). It is likely that application of these therapies to 
patients with cancer is infrequent and limited to symptom control efforts.

Even if they do not refer patients, many nononcologist physicians hold positive attitudes toward some CAM methods. A survey of 295 family physicians in the 
Maryland-Virginia region found that 90% view complementary therapies, such as diet and exercise, behavioral medicine, and hypnotherapy, as legitimate medical 
practices, although many would argue that, in fact, they are legitimate medical or lifestyle practices rather than CAM. Homeopathy, Native American medicine, and 
traditional Oriental medicine were not generally seen as legitimate ( 22).

Similar views emerged among 200 Canadian general practitioners, with chiropractic, hypnosis, and acupuncture for chronic pain perceived as effective and 
reflexology and homoeopathy viewed as ineffective (24). A review of twelve UK-based studies reported that British physicians perceive complementary medicine as 
moderately effective (25). Younger physicians seem to view CAM more favorably than their older colleagues. Data from oncologists concerning perceptions efficacy of 
CAM in cancer are not available.

COMPLEMENTARY AND ALTERNATIVE MEDICINE RESEARCH

There is a substantial amount of research in CAM. The registry of the Cochrane Collaboration Field in CAM ( 26) lists more than 4,000 randomized clinical trials of 
CAM therapies, a figure that doubles every 5 years ( 27). Eighty-four percent of trials were published in mainstream medical journals. Slightly more than 200 
randomized clinical trials examined the use of CAM with cancer patients, addressing primarily treatment-related symptoms, such as pain and nausea.

Research in CAM is increasingly funded by the National Institutes of Health and conducted at mainstream medical institutions. An Office of Alternative Medicine was 
established at the National Institutes of Health by Congressional mandate in 1992, with its stated purpose to investigate unconventional medical practices ( 28). In 
October 1998, Congress elevated the Office of Alternative Medicine to the National Center for Complementary and Alternative Medicine, appropriating $50 million for 
its support. Currently, the center supports disease-specific CAM research centers.

COMPLEMENTARY AND ALTERNATIVE MEDICINE ACTIVITY IN MEDICAL SCHOOLS AND MEDICAL CENTERS

Elective courses in CAM and portions of required courses are taught in at least 75 medical schools in the United States ( 29). This degree of activity displays broad 
interest, although an academic physician's analysis of the quality of courses found that almost all present material uncritically ( 30).

Numerous medical centers and cancer centers have developed clinical service programs in CAM. Services range from mind-body sessions only to massage and 
exercise, the provision of herbs and food supplements, and, rarely, services even more removed from mainstream care, such as colonics and homeopathy. Some 
clinical “CAM” programs are repackaged support services, previously available to patients as spiritual care, group and individual counseling, art therapy, nutritional 
guidance, and so on.

INSURANCE COVERAGE OF COMPLEMENTARY AND ALTERNATIVE MEDICINE

Health insurance programs increasingly cover CAM services and providers. More than 30 major insurers, half of them Blue Cross plans, cover more than one 
alternative method (31,32). Coverage is most likely if the patient has a physician's prescription for that therapy. Acupuncture, massage therapy, and chiropractic 
services are most likely to be reimbursed.

This expanding coverage reflects not only consumer demand but also the attempt by managed care to control costs. A common as yet undocumented argument is that 
CAM therapies, which generally do not involve expensive pharmaceuticals or procedures, save money by decreasing drug costs and the use of conventional 
medicine. However, it is not clear whether CAM represents additional or substituted costs.

A Swiss health insurance company randomized patients to standard coverage or an expanded package including CAM and found no important differences in health 
costs or quality of life ( 33). Data from the Blue Cross of Washington and Alaska AlternaPath project have been reported. In 1994 and 1995, 39 cents of each benefit 
dollar was spent on natural products ( 34). In 1994, the program took in $170,000 and paid out $650,000 ( 35). It is believed that some of this cost overrun was due to 
subscribers stocking up on nutritional supplements ( 35).

A similar unanticipated cost overrun occurred when Blue Cross of Arizona was obliged legislatively in 1983 to cover chiropractic care. It was assumed that the 
competition would decrease health care costs. However, the average chiropractic case cost was $576, 8% higher than surgeon's costs and 352% higher than general 
practice M.D.s (36). The cost-effectiveness of chiropractic services remains a contentious and uncertain issue. These negative experiences, however, may be 
anomalous. Data on costs and deficits associated with other carriers are not publicly available.

ALTERNATIVE THERAPIES PROMOTED AS CANCER CURES

Many regimens are promoted as exclusive cancer treatments to be used instead of conventional care. Some of the most popular alternative techniques are noted 
below.

Diet Cures

Advocates and purveyors of alternative dietary cancer cures typically extend mainstream data on the protective effects of fruits, vegetables, soy, fiber, and avoidance 
of excessive dietary fat in reducing cancer risk to the idea that food or vitamins can cure cancer. Claims about the efficacy of diet cures are found in books with titles 



such as The Food Pharmacy: Dramatic New Evidence That Food Is Your Best Medicine, Prescription for Nutritional Healing, and New Choices in Natural Healing.

The chapter on cancer in one popular tome, Alternative Medicine, criticizes chemotherapy, radiation, and surgery as “highly invasive” interventions that “may shorten 
the patient's life” and recommends that therapy instead address the entire body and use a “non-toxic approach . . . incorporating treatments that rely on 
biopharmaceutical, immune enhancement, metabolic, nutritional, and herbal non-toxic methods” ( 37).

One popular diet promoted for decades as a cancer cure is the macrobiotic diet ( 38). This approach is based on the ancient Asian concept of yin-yang balance. 
Although macrobiotics incorporate many features of conventionally recommended diets emphasizing grains, vegetables, and fruits and minimizing fat, the macrobiotic 
diet is embedded in an idiosyncratic philosophy of living and a fanciful concept of human physiology and disease. This holds, for example, that blood cells are 
produced in the stomach, where they are birthed by a “mother red blood cell” ( 39).

There is no evidence that the macrobiotic diet is beneficial for patients who have been diagnosed with cancer. Moreover, versions of this diet are nutritionally deficient 
(40,41).

Megavitamin and Orthomolecular Therapy

Related to dietary cures is the use of nutritional supplements as primary cancer treatments, an approach that contrasts ironically with alternative medicine's emphasis 
on “natural” foods and therapies. Some patients and alternative practitioners believe that cancer can be cured with large dosages of vitamins—typically hundreds of 
pills a day—or with intravenous infusions of high-dose vitamin C.

Nobel Laureate Linus Pauling coined the term orthomolecular therapy in 1968 to describe the treatment of disease with large quantities of nutrients ( 42). Pauling 
claimed that massive doses of vitamin C could cure cancer, most effectively in patients who had not received chemotherapy. Two randomized trials failed to support 
vitamin C for cancer (43,44). Despite negative findings, high-dose vitamins and supplements remain popular among cancer patients. Perhaps the simplicity of this 
approach and the fact that patients can prescribe and provide their own over-the-counter therapies contribute to their appeal.

Metabolic Therapies and Detoxification

Metabolic therapies continue to draw patients from North America to the many clinics in Tijuana, Mexico. One of the best known is the Gerson clinic, which provides 
treatment based on the belief that toxic products of cancer cells accumulate in the liver, leading to liver failure and death. The Gerson treatment aims to counteract 
liver damage with a low-salt, high-potassium diet, coffee enemas, and a gallon of fruit and vegetable juice daily. Other Tijuana clinics provide their own versions of 
metabolic therapy, each applying individualized dietary and detoxification regimens. Additional components of treatment are included according to practitioners' 
preferences.

Given metabolic practitioners' belief that cancer is a symptom of the accumulation of toxins, detoxification is a prime aim of metabolic treatments. This often involves 
high colonics with infusion into the colon of 20 or more gallons of water containing herbs, coffee, enzymes, or other substances thought to be of benefit.

Neither the toxins thought to be responsible for illness nor the effects of eliminating them have been documented. Serious side effects are not uncommon. These have 
resulted from colonic irrigation and from other metabolic therapy techniques ( 45,46). The Gerson clinic's use of liquefied raw calf liver injections, for example, was 
suspended in 1997 after sepsis occurred in a number of patients.

Metabolic treatments are uncommon in mainstream oncology. Nicholas Gonzalez, M.D., is a rare example of an internist practicing alternative cancer medicine in the 
United States. He uses a version of metabolic therapy, involving a restrictive diet, pancreatic enzymes, and coffee enemas. After recent documentation of up to a 
4-year survival in 11 patients with inoperable pancreatic cancer ( 47), the National Cancer Institute now supports a phase III clinical trial of Gonzalez regimen at the 
New York Presbyterian Hospital Cancer Center.

Pharmacologic and Biologic Treatments

One of the best known and most popular alternative pharmacologic therapies today is antineoplastons, developed by Stanislaw Burzynski, M.D., Ph.D., and available 
in his clinic in Houston, Texas. Although initial laboratory analyses found no evidence that antineoplastons normalized tumor cells ( 48), a limited clinical trial for 
pediatric patients with brain tumors was initiated as a joint effort by the National Institutes of Health Office of Alternative Medicine and the National Cancer Institute. 
However, it failed to accrue patients. Further research received investigational new drug permission, but preliminary data were criticized as uninterpretable and the 
therapy as useless and toxic (49). Burzynski and his patients continue the antineoplaston therapy and speak out in favor of its efficacy, disclaiming critics ( 50) and 
relying on anecdotal reports and some promising preliminary laboratory results ( 51,52).

Shark Cartilage

Interest in shark cartilage as a cancer therapy was activated by a 1992 book by I. William Lane, Ph.D., entitled Sharks Don't Get Cancer, and by a television special, 
strongly disputed by oncologists in the United States, that displayed apparent remissions in patients treated with shark cartilage in Cuba. Advocates base their 
therapy on its putative antiangiogenic properties ( 53), but the shark cartilage protein molecules are too large to be absorbed by the gut and would be destroyed if they 
were absorbed. Shark cartilage actually decomposes into inert ingredients and is excreted. A recent phase I/II trial of shark cartilage found no clinical benefit ( 54).

Cancell

The biologic remedy Cancell appears to be especially popular in Florida and the midwestern United States. Proponents claim that it returns cancer cells to a “primitive 
state” from which they can be digested and rendered inert. The U.S. Food and Drug Administration laboratory studies, which showed Cancell to be composed of 
common chemicals, including nitric acid, sodium sulfite, potassium hydroxide, sulfuric acid, and catechol, found no basis for proponent claims of Cancell's 
effectiveness against cancer (55).

Bioelectromagnetics

Bioelectromagnetics is the study of interactions between living organisms and their electromagnetic fields. According to proponents, magnetic fields penetrate the 
body and heal damaged tissues, including cancers ( 37). A newly arrived treatment from Germany, BioResonance Therapy, “. . . indicates a high success rate . . . 
within tumor cells that allows the cell to naturally self-destruct” ( 56). No peer-reviewed publications could be located for any cancer-related claims regarding 
bioelectromagnetics.

Mind-Body Medicine

Mind-body medicine has been used widely for decades to improve quality of life for patients with cancer. However, some proponents argue that mental attributes and 
mind-body work can prevent or cure cancer. This belief is attractive because it ascribes to patients almost complete control over the course of their illness ( 57), and 
because it helps some patients bring meaning to the often senseless nature of their cancer ( 58).

A well-known proponent link between mental state and cancer is Bernie Siegel, M.D., former surgical oncologist and author of a number of popular books ( 59). Siegel 
developed groups of “exceptional cancer patients,” based on his belief that mental attitude influences survival time. A study coauthored by Siegel, however, found no 
difference in length of survival for “exceptional cancer patients” versus controls. Patients in both groups had completed standard mainstream therapy for breast cancer 
(60). The results of this trial have received scant media attention and have not significantly altered proponent claims. Similarly, the results of a 1986 trial that found 
increased median survival for women randomized to a support group ( 61) was widely publicized. That study has been negated (62) but not replicated.

Attending to the psychological health of cancer patients is a fundamental component of good cancer care. Support groups, good doctor-patient relationships, and the 
emotional and instrumental help of family and friends is vital. However, the idea that patients can influence the course of their disease through mental or emotional 
work is not substantiated and can evoke feelings of guilt and inadequacy when disease continues to advance despite patients' best spiritual or mental efforts 



(57,58,63).

Unproved Herbal Remedies for Cancer

Essiac is a popular herbal remedy for cancer in North America. Developed initially by a Native Canadian healer ( 64), it was popularized by a Canadian nurse, Rene 
Caisse (Essiac is Caisse spelled backwards). Essiac is comprised of four herbs: burdock, turkey rhubarb, sheep sorrel, and slippery elm. The American and Canadian 
Cancer Societies deem it without value.

Mistletoe extracts, also known by the trade names Iscador, Helixor, and Eurixor, are popular cancer treatments in Europe and are available in some mainstream 
European cancer clinics. Mistletoe extracts have been subjected to randomized trials in cancer patients, although not in patients with CaP. Iscador did not increase 
median survival time in methodologically appropriate studies ( 65).

Pau d'arco tea is an old Incan Indian remedy applied against many illnesses, including cancer. Made from the bark of an indigenous South American evergreen tree, 
its active ingredient, lapachol, has been isolated. Although lapachol showed antitumor activity in animal studies conducted in the 1970s, it does not appear to affect 
human malignancies. The tea induces nausea and vomiting. Despite the absence of efficacy, pau d'arco tea is sold as a cancer remedy in health food stores, by mail, 
and on the Internet.

Ginkgo biloba is of proven benefit for cerebral insufficiency ( 66) and peripheral arterial disease ( 67), suggesting possible efficacy in the treatment of erectile 
dysfunction. Although a preliminary trial of ginkgo biloba for erectile dysfunction produced encouraging results ( 68), a subsequent double-blind trial found no 
difference between groups (69). No trial of ginkgo has examined erectile dysfunction in CaP patients, although many men with CaP self-medicate with this popular 
herb.

Medical Systems

Herbal, manual, and cleansing therapies drawn from several ancient medical systems, including traditional Chinese medicine, Tibetan medicine, and Ayurvedic 
(Indian) medicine, are used today to treat illness in developed as well as undeveloped areas of the world. Illness is seen as an imbalance in the body's internal energy 
(chi in traditional Chinese medicine; prana in the Ayurvedic system), and treatment aims to restore this crucial equilibrium.

Acupuncture, the traditional means manipulating that energy, is probably the most widely practiced component of traditional Chinese medicine. The value of 
acupuncture in treating cancer pain is not documented, but many patients rely on this technique and find it helpful.

Herbal remedies from the ancient medical systems have been minimally studied. As discussed below, however, some of these time-worn remedies show great 
promise.

COMPLEMENTARY THERAPIES FOR SYMPTOM CONTROL

Many unproved remedies, some harmful, others worthless, are widely available and heavily adopted by the public. However, many other products and methods are 
useful and can serve as beneficial adjuncts to mainstream cancer care. Complementary therapies listed in Table 55-1 have been studied and found to provide 
effective relief during and after cancer treatment. They include a range of adjunctive approaches such as herbal remedies, music and sound therapy, mind-body 
techniques, and therapeutic massage.

TABLE 55-1. COMPLEMENTARY THERAPIES TO HELP SMOOTH THE WAY DURING CANCER TREATMENT AND RECOVERY

These therapies also offer patients the opportunity to exert control during and after cancer therapy, an important component of cancer care. These well-supported 
therapies produce measurable physiologic and emotional benefits. Complementary therapies, which are noninvasive, inexpensive, effective means of relieving 
symptoms and enhancing quality of life, should be available to assist patients through the rigors of cancer treatment and rehabilitation.

NUTRITIONAL REDUCTION OF PROSTATE CANCER RISK

Substantial data support the value of nutrition and dietary elements in preventing CaP. Many investigators observed that the incidence of CaP is substantially lower in 
Asian men than in Western men (70,71,72,73,74,75,76,77,78,79 and 80). Evidence suggests that dietary differences probably account for this disparity. The Western 
diet's dependence on animal fats, which hinder hormone modulation, and the Eastern low-fat diet emphasizing phytoestrogen-rich foods, such as soy products that 
balance and modify circulating hormones, are cited most frequently in this regard.

Natural estrogenic compounds found in soy, tea, fruits, and vegetables are believed to serve as chemopreventive agents. It is estimated, for example, that the 
average Japanese male consumes 20 times the amount of isoflavones daily than does his Western counterpart, which translates to a mean genistein plasma level of 
180 ng per mL versus less than 10 ng per mL (75).

Case-control human studies, as well as animal research, document the contribution of diet to CaP prevention. A prospective study of 12,395 Seventh-Day Adventist 
men reported their soy milk intake in 1976. Recent analyses compared 225 men who developed CaP against the majority who did not. Frequent consumption of soy 
milk was associated with 70% reduction of risk for CaP (81). Data on CaP mortality and food consumption from 59 countries were obtained from the United Nations. 
Soy products were found to be significantly protective, with an effect four times as large as that for any other dietary factor ( 78). A similar but less strong relationship 
between phytoestrogen intake and CaP risk was reported for a smaller study ( 79).

Research addressing the role of dietary fat is inconsistent. A study of 328 men with CaP and 328 controls conducted in the United Kingdom failed to support the 
hypothesis that fat increases CaP risk ( 82). An interview study in Uruguay involving 175 cases and 233 controls found a relationship between total fat intake and CaP 
risk (83), as did an interview study conducted in 12 cities in China that compared 133 cases of CaP with 265 neighborhood controls. Dietary fat was significantly 
associated with increased CaP risk (80). Investigations of nutrient intake revealed polyunsaturated fats to be positively associated and vitamin E inversely associated 
with CaP (84). Vitamin E was associated with lowered risk of CaP in at least one other study ( 84).

The influence of nutritional supplements in reducing CaP risk has been studied in a number of investigations. Preliminary research suggests a role for vitamin B 6 
(82,83) and vitamin C (83). Garlic was associated with reduced risk of CaP in a case-control study ( 82), and in vitro studies showed reduction of CaP cells in culture by 
garlic thioallyl derivatives ( 85) and aged garlic extract (86). An ongoing trial in China (87) will produce the first data from a randomized trial to examine the effects of 
garlic on cancer prevention.



Zinc, which accumulates in highest levels in the prostate ( 88), also may inhibit prostatic cancer cell growth ( 89), and lycopene, an antioxidant found in tomato 
products, reduced CaP risk in a case-control study (90) and in a prospective randomized trial ( 91).

Perhaps the most substantial body of data linking nutrients to the risk of CaP comes from studies of green tea and selenium. Green tea, made by steaming and then 
drying standard black tea leaves, has a long history of medicinal use in China and Japan. Epidemiologic studies suggest a preventive effect for green tea against 
upper gastrointestinal cancers ( 92).

Cell culture and animal model research documented the value of green tea and its polyphenols against CaP ( 93,94 and 95). Circumstantial evidence comes from 
China, which has the lowest incidence of CaP in the world and a population that consumes green tea on a regular basis ( 96). The mechanisms of green tea action 
appear to be the induction of apoptosis ( 96,97,98,99,100 and 101). Green tea is a component of ongoing trials to explore the preventive and therapeutic effects of diet 
on cancer.

In a prospective double-blind clinical trial of 1,312 people with a history of basal or squamous cell cancer of the skin, patients were randomly assigned to ingest 200 
µg of selenium or a placebo daily for up to 10 years. Although selenium did not affect the incidence of recurring nonmelanoma skin cancer, it was associated with 
reduced cancers of all kinds and specifically with reduced incidence of CaP ( 102). Epidemiologic data (103,104) indicate that selenium acts as an effective 
chemopreventive agent against CaP, and decreased incidence of CaP was found with selenium supplementation ( 105,106).

EVIDENCE FOR NUTRITIONAL REDUCTION OF ESTABLISHED PROSTATE CANCER

Numerous anecdotal reports have led to product claims and books such as Heal Your Prostate in 90 Days (80,000 copies sold), but research in support of the 
therapeutic value of nutrition in patients diagnosed with CaP is beginning to emerge. Dietary soy significantly reduced tumor cell proliferation in mice ( 107), and CaP 
tissue in histoculture was inhibited by genistein, a major component of soy ( 108,109). Similarly, antioxidants such as lycopene, vitamin E, and selenium may play a 
major role in halting disease progression ( 110).

HERBAL THERAPIES

PC-SPES is the only herbal remedy for CaP subjected to clinical investigation. The therapy consists of eight herbs, all but two from traditional Chinese medicine: 
chrysanthemum, Isatis, licorice, Ganoderma lucidum, Panax noto ginseng, Rabdosia rubescens, saw palmetto, and Scutellaria. Saw palmetto inhibits 5a-reductase, 
licorice competes with estradiol in estrogen receptor–binding assay, and ginseng induces estrogen-regulated expression of a pS2 in cultured breast cancer cells ( 18).

In vitro, PC-SPES inhibits proliferation, induces apoptosis, and promotes down-regulation of bcl-6 in Mutu I cells ( 111). It also inhibits proliferation, reduces secreted 
prostate-specific antigen (PSA), and promotes down-regulation of proliferating cell nuclear antigen in LNCaP cells ( 112). PC-SPES has estrogenic activity (18,113) 
and reduces prostate tumor incidence and rate of growth in rats ( 114).

In an uncontrolled trial of eight patients with confirmed CaP, PC-SPES caused clinically significant decreases in testosterone and PSA ( 19). Side effects such as 
breast tenderness and loss of libido were common and similar to those associated with estrogen therapy. Reduction of PSA and estrogenlike side effects were 
documented in at least one additional patient on PC-SPES ( 114).

Research on saw palmetto provides substantial evidence that this herb can decrease the symptoms of benign prostatic hypertrophy. It improves urologic symptoms 
and urine flow as effectively as finasteride but with less toxicity ( 115). Although saw palmetto research in CaP is limited to its inclusion in the PC-SPES trial, the use of 
saw palmetto by CaP patients appears to be fairly common.

REGULATION OF COMPLEMENTARY AND ALTERNATIVE MEDICINE

Practitioners

Major categories of CAM practitioners outside of mainstream medicine include chiropractors, naturopaths, and acupuncturists who often practice a broader range of 
traditional Chinese medicine involving herbal therapeutics ( 116). Chiropractic training requires 4 years and prepares students to provide primary clinical services, 
including wellness maintenance, diagnosis of illness, and primary care, in addition to musculoskeletal care. Fifteen percent of clinical training is devoted to organ 
systems other than the musculoskeletal system. All 50 states plus the District of Columbia have licensure programs for chiropractors. The accrediting agency for 
chiropractic medicine was established in 1971, and a standardized national examination was created in 1982 ( 117).

Training that results in naturopathic doctoral degrees, awarded after 4 years of post-B.A. training, is designed to prepare primary care providers. Training emphasizes 
health promotion, disease prevention, and the use of natural remedies such as botanicals. All 11 states that license naturopaths permit the designation N.D., doctor of 
naturopathic medicine (118). The accrediting agency for naturopathy was established in 1978. Standardized tests were first offered in 1986.

Practitioners of acupuncture and herbal medicine are trained for 3 years. They learn to diagnosis disease using pulse diagnosis and other traditional Chinese 
medicine techniques and treat common problems with acupuncture and herbal remedies. Acupuncturists are recognized and licensed in 34 states, and three 
additional jurisdictions permit practice under M.D. supervision ( 119). Acupuncturists were accredited and their standardized national test was created in 1982.

Products

Botanical remedies are sold in many forms, including capsules, liquids, and tea leaves. They may contain one or a collection of herbs and other ingredients that 
typically are not described and often are unknown. Adverse events and interactions of herbs have been reported in the literature ( 120), as summarized in Table 55-2.

TABLE 55-2. HERBAL PRODUCTS WITH SERIOUS TOXIC EFFECTS

No legal standards currently exist for the processing or packaging of herbs in the United States. According to research conducted by Consumer Reports, the content 
of herbal remedies often differs widely from one bottle to the next, even within the same brand, as well as from claims made on the label ( 120a). The American 
Botanical Council even found that some ginseng products contain no ginseng. St. Johns wort, a popular over-the-counter antidepressant, was analyzed recently by an 
independent laboratory commissioned by the Los Angeles Times. This assay revealed that three of ten brands tested contained less than half the potency listed on 
the label (121).

The California Department of Health conducted an investigation of ingredients in Asian patent medicines. Unsafe levels of mercury and other toxic metals, as well as 



prescription drug compounds, were discovered in more than one-third of the products tested. Reports of herbal contamination in the literature include steroids in 
Chinese herbs (122), heart problems resulting from digitalis-contaminated supplements ( 123), atropine in herbal tea (124), and lead poisoning from Chinese herbs.

Quality-control standards and reviews are needed. Because they are not mandatory, however, few food supplement companies voluntarily self-impose quality 
evaluation and control. Consumer protection and enforcement agencies cannot provide protection against contaminated or falsely advertised products. Current 
federal regulations do not permit such oversight, and regulatory capability would prohibit full analysis and ongoing oversight of the estimated 20,000 food supplement 
items now sold over-the-counter. The lack of data on safety and efficacy and the absence of regulation represent a serious problem that government agencies are 
now attempting to redress. Given the opposition to regulation of related industries, this is expected to be an uphill battle.

INFORMATION ABOUT COMPLEMENTARY AND ALTERNATIVE MEDICINE

Information available to the public and health professional varies widely in accuracy. Many web sites and publications that appear to be objective are actually 
sponsored by commercial enterprises that promote and sell the products on which they report.

One apparently common source of information for patients is health food stores ( 125). A study in which a researcher visited health stores reporting symptoms 
associated with serious pathology found that the majority of store clerks recommended specific unproven treatments and usually did not suggest consultation with a 
physician (126).

It is often difficult for patients to distinguish between reputable sources of information and those that present vested interests. Some promotional material and books 
are written by M.D.s and appear to present legitimate information. Reputable sources of information about CAM are listed in Table 55-3.

TABLE 55-3. REPUTABLE SOURCES OF COMPLEMENTARY AND ALTERNATIVE MEDICINE (CAM) INFORMATION

COMPLEMENTARY AND ALTERNATIVE MEDICINE RESEARCH ISSUES

Many scientists argue against two categories of research—mainstream science and CAM. In fact, research in alternative and complementary medicine requires and 
deserves standard scientifically accepted research methodologies. Attaining this goal may not be easy. Some practitioners of unproved methods prefer to rely on 
anecdotal reports and disclaim a need for clinical trials. Simultaneously, some in mainstream science disclaim the relevance of studying complementary therapies, 
asserting that they are not worthy of study. The challenge for both camps is to mount and accept the results of rigorous inquiry. Recent years have seen major 
progress toward that goal.
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FIGURE 1-1. Variable gross (apical) morphology. A: Anterior apical notch with posterior lip ( black arrowhead). Note tiny anterior commissure (white arrowhead). B: 
Doughnut-shaped apex with massive anterior commissure (white arrowhead) due to benign prostatic hyperplasia (BPH). C: Anterior and posterior apical notches 
(white arrowhead), view from above onto anterior surface of prostate. D: Same specimen as in (C). Head-on apical view (white arrowhead points to apical urethral 
opening). E: Unusual distortion of apex by BPH nodules (white arrowhead points to verumontanum). F: Asymmetric apex (white arrowhead), bladder neck (black 
arrowhead). (See also black and white Figure 1-1.)

FIGURE 1-2. Zonal architecture of the prostate. A: Sagittal. B: Coronal. C: Oblique coronal. Note duct radiation from verumontanum (V). bn, bladder neck; C, coronal 
plane; CZ, central zone; E, ejaculatory duct; fm, fibromuscular stroma; NV, neurovascular tissue; OC, oblique coronal plane; PZ, peripheral zone; s, sphincter; TZ, 
transition zone; UD, distal prostatic urethra; UP, proximal prostatic urethra. (From McNeal JE. The prostate gland: morphology and pathobiology. Monogr Urol 
1988;9:36–54, with permission of Thomas A. Stamey.) (See also black and white Figure 1-2.)

FIGURE 1-3. Prostate cancer in gross axial section. A: Peripheral zone (PZ) cancer (arrowhead). Cut surface is homogeneous with no evidence of either transition 
zone (TZ) or lobulation. B: TZ cancer (large arrowhead) and PZ cancer (small arrowhead). Prominent benign prostatic hyperplasia of TZ displaces peripheral zone 
outward. U, urethra. (Courtesy of Dr. David G. Bostwick.) (See also black and white Figure 1-3 .)

FIGURE 1-4. Axial section morphology (Masson trichrome). A: Section at base of prostate from 44-year-old patient without benign prostatic hyperplasia (BPH) shows 
relatively homogeneous acini without visible lobulation. Central zone (CZ) acini next to ejaculatory ducts seen below urethra (U) have sparse basophilic stroma 
compared with rich eosinophilic stroma of peripheral zone (PZ) acini. B: In section near apex, bilateral nodular BPH [transition zone (TZ)] distorts and compresses PZ 
outward. Venous plexus was bunched anteriorly before fixation. Note bundled detrusor fibers ( arrowhead) from anterior detrusor apron. AFMS, anterior fibromuscular 
stroma; PPS, preprostatic sphincter. (See also black and white Figure 1-4.)



FIGURE 1-6. Lobes of benign prostatic hyperplasia (BPH). A: Enucleated trilobar BPH specimen weighing 105 g. B: Radical prostatectomy specimen with “ball valve” 
median lobe BPH at the bladder neck. (See also black and white Figure 1-6 .)

FIGURE 20-2. PTEN expression in prostate tissue. A: Hematoxylin-eosin (H&E) of prostatic intraepithelial neoplasia (PIN) (A1) and staining for PTEN (A2). B: 
H&E-stained section of prostate cancer (CaP) (Gleason 6) ( B1) and staining for PTEN (B2). C: H&E-stained sections of CaP, Gleason grade 3 ( large black arrow), 
and grade 5 cancer (open arrow), and PIN (short black arrow) (C1). Gleason grade 3 CaP (large black arrow) and PIN (short black arrow) are PTEN positive, whereas 
Gleason grade 5 CaP is PTEN negative (open arrow) (C2). D: H&E of benign prostatic acinus (small arrow) with surrounding Gleason 7 CaP ( large arrow) (D1). 
Positive staining for PTEN in benign prostate tissue and absence of staining for PTEN in CaP ( D2). (See also black and white Figure 20-2.)

FIGURE 20-3. Fluorescent in situ hybridization analysis looking at c-myc and prostate stem cell antigen (PSCA) copy number in two patients with locally advanced 
prostate cancer. In (A) and (C), for case No. 34 there is simple gain of chromosome 8 without any additional increase in c-myc or PSCA copy number. A: Most nuclei 
have three signals for both c-myc (red) and a probe for the centromere (green). A similar result is seen in (C), with three signals for PSCA (red) and CEP-8 (green). In 
(B) and (D), for case No. 75 there is additional increase in PSCA and c-myc copy number compared with the centromere, indicative of amplification of these two loci. 
B: There are, on average, five red signals (c-myc) and two green signals (CEP-8). Similarly, (D) there are five red signals (PSCA) and two green signals (CEP-8), 
again consistent with an additional increase of PSCA copy number. (See also black and white Figure 20-3 .)

FIGURE 20-4. A: Positive staining for maspin localized to the basal cells ( small arrow) and prostate intraepithelial neoplasia ( top) and absence of staining in Gleason 
grade 3 tumor (large arrow). B: Positive staining for maspin in androgen-independent tumor ( small arrow). (See also black and white Figure 20-4.)

FIGURE 33-1. Example of adjuvant conformal radiation therapy fields. The prostate bed is shown in tomato, the rest of the bladder in yellow, surgical clips in blue 
(green when overlaying yellow), and the rectum in green. A: Anterior-posterior view. B: Right lateral view. (See also black and white Figure 33-1 .)



FIGURE 54-1. Prostate peptide loading of dendritic cells. CTLa, cytoxic T lymphocyte–associated antigen; CTLm, CTL memory; GM-CSF, granulocyte-macrophage 
colony stimulating factor; IFNg, interferon g; IL-2, interleukin 2; PAP, prostatic acid phosphatase antigen; PCA prostate cancer; PSA, prostate-specific antigen; PSMA, 
prostate-specific membrane antigen; Tha, T-cell helper activate; Thr, threonine. (See also black and white Figure 54-1.)

FIGURE 54-4. Outpatient safety of genetically engineered prostate cancer vaccines: activating dendritic cell antigen presentation intradermally 24 hours 
postvaccination. Allogeneic granulocyte-macrophage colony-stimulating factor gene–transduced irradiated prostate cancer vaccine cells. (See also black and white 
Figure 54-4.)
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