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ANATOMY AND PATHOLOGY
The prostate is located in the pelv is and is surrounded by the rectum , the bladder, the per iprostat ic and dorsal vein com plexes and 
neurovascular bundles that  are responsible for  erect ile function, and the urinary sphincter that  is responsible for  passive ur inary 
cont rol.  The prostate is com posed of branching tubuloalveolar glands arranged in lobules surrounded by f ibromuscular st roma. The 
acinar unit  includes an epithelial compartment  made up of epithelial,  basal, and neuroendocr ine cells and separated by a basement  
m embrane, a st romal com partment  that  includes f ibroblasts and smooth-muscle cells. Prostate-specif ic ant igen (PSA)  and prostat ic 
acid phosphatase (PAP)  are produced in the epithelial cells. Both prostate epithelial cells and strom al cells express androgen 
receptors (ARs)  and depend on androgens for growth. Testosterone, the m ajor circulat ing androgen, is converted by the enzyme5 -
reductase to dihydrotestosterone in the gland.

The per iurethral port ion of the gland increases in size dur ing puberty and after  the age of 55 years due to the growth of 
nonmalignant  cells in the t ransit ion zone of the prostate that  surrounds the urethra. Most cancers develop in the peripheral zone, 
and cancers in this locat ion can often be palpated dur ing a digital rectal examinat ion (DRE).

PROSTATE CANCER

I n 2010 approximately 217,730 prostate cancer cases were diagnosed, and 32,050 men died from prostate cancer in the United 
States. The absolute num ber of prostate cancer deaths has decreased in the past  5 years, which has been at t r ibuted by some to the 
widespread use of PSA-based detect ion st rategies. However, the benefit  of screening on survival is unclear. The paradox of 
m anagement  is that  although 1 in 6 men will eventually be diagnosed with the disease, and the disease remains the second leading 
cause of cancer deaths in men, only 1  man in 30 with prostate cancer will die of his disease.

Epidem iology
Epidemiologic studies show that  the r isk of being diagnosed with prostate cancer increases by a factor of two if one f irst-degree 
relat ive is affected and by four if  two or more are affected. Current est imates are that 40%  of ear ly-onset  and 5–10%  of all prostate 
cancers are hereditary. Prostate cancer affects ethnic groups different ly. Matched for  age, African-Am erican males compared to white 
m ales have both a greater num ber of t ypically mult ifocal and highly unstable prostat ic int raepithelial neoplasia (PIN)  lesions, which 
are precursors to cancer, and larger tumors, possibly related to the higher levels of testosterone seen in Afr ican American males. 
Polymorphic var iants of the AR, the cytochrom e P450 C17, and the steroid 5 -reductase type I I  (SRD5A2) genes have also been 
implicated in the var iat ions in incidence.

The prevalence of autopsy-detected cancers is sim ilar around the wor ld, while the incidence of clinical disease var ies. Thus, 
environmental factors may play a role. High consum pt ion of dietary fats, such as - linoleic acid, or the polycyclic aromat ic 
hydrocarbons that  form  when red meats are cooked is believed to increase r isk. Sim ilar to breast cancer in Asian women, the risk of 
prostate cancer in Asian men increases when they move to Western environments. Protect ive factors include consum pt ion of the 
isoflavonoid genistein (which inhibit s 5 -reductase) found in many legumes, cruciferous vegetables that  contain the isothiocyanate 
sulforaphane, ret inoids such as lycopene found in tom atoes, and inhibitors of cholesterol biosynthesis (e.g., stat in drugs) . The 
development  of prostate cancer is a m ult istep process. One ear ly change is hypermethylat ion of the GSTP1 gene promoter, which 
leads to loss of funct ion of a gene that  detoxif ies carcinogens. The f inding that  many prostate cancers develop adjacent to a lesion 
termed PI A (proliferat ive inflamm atory at rophy)  suggests a role for  inf lammat ion.

Diagnosis and Treat m ent  by Clinical St ate
The prostate cancer cont inuum — from the appearance of a preneoplast ic and invasive lesion localized to the prostate, to a metastat ic 
lesion that  results in symptoms and, ult imately, mortality — can span decades. To facilitate disease management, compet ing risks are 
considered in the context  of a series of clinical states (Fig. 95-1) . The states are defined operat ionally on the basis of whether or not  
a cancer diagnosis has been established and, for those with a diagnosis, whether or not  metastases are detectable on im aging 
studies and the m easured level of testosterone in the blood. With this approach, an indiv idual resides in only one state and rem ains 
in that  state unt il he has progressed. At  each assessment , the decision to offer t reatment  and the specif ic form  of treatment  is based 
on the r isk posed by the cancer relat ive to compet ing causes of mortalit y  that  may be present  in that  individual. I t  follows that  the 
m ore advanced the disease, the greater the need for t reatment .

For those without  a cancer diagnosis, the decision to undergo test ing to detect  a cancer is based on the indiv idual's est imated life 
expectancy and, separately, the probabilit y  that  a clinically significant  cancer may be present . For those with a prostate cancer 
diagnosis, the states model considers the probabilit y of developing sym ptoms or dying from disease. Thus, a patient with localized 
prostate cancer who has had all cancer removed surgically remains in the state of localized disease as long as the PSA remains 
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undetectable. The t im e within a state becomes a measure of the efficacy of an intervent ion, though the effect  may not  be assessable 
for  years. As many men with active cancer are not  at  risk for  developing m etastases, symptoms, or death, the states model allows a 
dist inct ion between cure— the elim inat ion of all cancer cells, the primary therapeut ic object ive when t reating most  cancers— and 
cancer cont rol,  in which the tempo of the il lness is altered and symptoms cont rolled unt il the patient  dies of other causes. These can 
be equivalent  therapeutically from a patient standpoint  if the pat ient  has not  exper ienced symptoms of the disease or the t reatm ent  
needed to cont rol it .  Even when a recurrence is documented, immediate therapy is not  always necessary. Rather, as at  the t ime of 
diagnosis, the need for  intervent ion is based on the tempo of the illness as it  unfolds in the indiv idual, relat ive to the r isk- to-benefit  
rat io of the therapy being considered.

No Cancer Diagnosis
PREVENTI ON
The results from  several large double-blind, random ized chemoprevent ion t r ials have established 5 - reductase inhibitors (5ARI ) as 
the predominant  therapy to reduce the future r isk of a prostate cancer diagnosis. The Prostate Cancer Prevent ion Trial (PCPT), in 
which m en older than age 55 years received the 5 -reductase inhibitor finaster ide, which inhibit s the type 1 isoform, or a placebo, 
showed a 25%  (95%  confidence interval 19–31% )  reduct ion in the per iod prevalence of prostate cancer across all age groups in 
favor of finaster ide (18.4% )  over placebo (24.4% ) . I n REDUCE (Reduct ion by Dutasteride of Prostate Cancer Events Trial) , a sim ilar  
23%  reduct ion in the 4-year per iod prevalence was observed in favor of dutaster ide ( p  =  0.001) . Dutaster ide inhibit s both the type 1 
and type 2 5ARI  isoforms. These results cont rast with those of the Selenium and Vitam in E Cancer Prevent ion Tr ial (SELECT) in 
which Afr ican American m en aged 50 years and others aged 55 years were enrolled, which showed no dif ference in cancer 
incidence in patients receiv ing v itam in E (4.6% )  or selenium (4.9% ) alone or in combinat ion (4.6% ) relat ive to placebo (4.4% ) . A 
sim ilar  lack of benefit  for  vitam in E, vitam in C, and selenium was seen in the Physicians Health Study I I .

PHYSI CAL EXAMI NATI ON
The need to pursue a diagnosis of prostate cancer is based on symptoms, an abnorm al DRE, or, more typically, a change in or an 
elevated serum  PSA. The urologic history should focus on symptoms of out let  obstruct ion, cont inence, potency, or  change in 
ej aculatory pat tern.

The DRE focuses on prostate size and consistency and abnormalit ies within or beyond the gland. Many cancers occur in the 
per ipheral zone and can be palpated on DRE. Carcinomas are character ist ically hard, nodular, and ir regular, while indurat ion may 
also be due to benign prostat ic hypert rophy (BPH)  or calculi.  Overall,  20–25%  of men with an abnormal DRE have cancer.

PROSTATE- SPECI FI C ANTI GEN
PSA (kallikrein-related peptidase 3;  KLK3)  is a kallikrein- related ser ine protease that  causes liquefact ion of sem inal coagulum . I t  is 
produced by both nonmalignant  and malignantepithelial cells and, as such, is prostate-specif ic, not  prostate cancer–specific, and 
serum levels may also increase from prostat it is and BPH. Serum levels are not  affected by DRE but the performance of a prostate 
biopsy can increase PSA levels up to tenfold for  8–10 weeks. PSA circulat ing in the blood is inact ive and m ainly occurs as a complex 
with the protease inhibitor 1- antichymot rypsin SERPI N A3 and as free unbound PSA form s. The format ion of complexes between 
PSA,  2-macroglobulin, or other protease inhibitors is less signif icant . Free PSA is rapidly elim inated from the blood by glomerular 
f ilt rat ion with an est imated half- life of 12-18 hours. Elim inat ion of PSA bound to 1-ant ichym ot rypsin is slow (est imated half- l ife of 
1-2 weeks)  as it  is too large to be cleared by the k idneys. Levels should be undetectable after  about  six weeks if  the prostate has 
been removed. I mmunohistochemical staining for PSA can be used to establish a prostate cancer diagnosis.

PSA test ing was approved by the U.S. FDA in 1994 for ear ly detect ion of prostate cancer, and the widespread use of the test  has 
played a significant  role in the proport ion of men diagnosed with ear ly-stage cancers:  m ore than 70–80%  of newly diagnosed 
cancers are organ confined. The level of PSA in blood is st rongly associated with the r isk and outcome of prostate cancer. A single 
PSA measured at  age 60 is associated (AUC of 0.90) with lifet ime r isk of death from prostate cancer. Most  (90% )  prostate cancer 
deaths occur among m en with PSA levels in top quart i le (> 2 ng/ mL) , although only a m inority of men with PSA > 2 ng/ mL will 
develop lethal prostate cancer. Despite this and mortality rate reduct ions reported from large randomized prostate cancer screening 
t r ials, routine use of the test  remains cont roversial.  The American Cancer Society (ACS)  recommends that physicians offer  PSA 
test ing and a DRE on an annual basis for  men older than age 50 years with an ant icipated survival of > 10 years;  this includes men 
up to age 76 years. For Afr ican Americans and m en with a fam ily history of prostate cancer, test ing is advised to begin at  age 45 
years. The Am erican Urologic Associat ion recom mendat ions are sim ilar , with the proviso that  the risks and benefits of the 
perform ance of these tests are not  defined. The American College of Physicians recommends that  physicians "descr ibe the potent ial 
benefits and known harms of screening"  and to " indiv idualize the decision to screen."  The National Comprehensive Cancer Network 
(NCCN)  guidelines m irror those of the ACS, with the proviso that  "physicians and potent ial part icipants must  thoroughly discuss the 
pros and cons of screening." The NCCN also advises that  men who opt  to part icipate obtain a baseline PSA and DRE in their values 
and use the value to strat ify future risk. As PSA values may f luctuate for no apparent  reason, it  is advised that  isolated abnormal 
values should be confirmed before proceeding with fur ther test ing.

The PSA criter ia used to recommend a diagnost ic prostate biopsy have evolved over t ime. However, based on the commonly used 
outpoint for  prostate biopsy CPSA 4 mg/ m L, most  men with a PSA elevat ion do not  have histologic widence of prostate cancer at  
biopsy, and comm enly, many m en with PSA levels below this cut  point  harbor cancer cells in their  prostate. The goal is to increase 

Page 2 of  7AccessM edicine | Print: Chapter 95. Benign and M alignant Diseases of  the Prostate

1/3/2013mk:@M SITStore:C:\Users\Lesea\Downloads\Harrison's.Principles.of.Internal.M edicine.18t...



the sensit iv it y of the test  for  younger m en more likely to die of the disease and to reduce the frequency of detect ing cancers of low 
m alignant  potent ial in elder ly m en more likely to die of other causes. Previously, the threshold for performance of a biopsy was 4.0 
ng/ mL, which has been reduced to 3 m g/ mL or 2.6 ng/ mL for m en aged < 60 years by many groups based on the f inding that  near ly 
half of the m en with PSAs who reached this level increased to 4 ng/ mL within a relat ively short ( 4-year)  t ime frame and that, once 
diagnosed, in nearly one- third it  had spread beyond the confines of the gland.

Most PSA is complexed to 1- ant ichymotrypsin (ACT);  only a sm all percentage is " free," and lower in men with cancer. Free and 

complexed PSA measurements are used when levels are between 4 and 10 ng/ mL to decide whether a biopsy is needed. The risk of 
cancer is under 10%  if  the free PSA is > 25%  but  as high as 56%  for those with a free PSA < 10% . PSA density (PSAD)  
m easurements were developed to correct  for the cont r ibution of BPH to the total PSA level. PSAD is calculated by dividing the serum 

PSA by the prostate weight  est imated from t ransrectal ult rasound (TRUS) . Values < 0.10 ng/ m L per cm 3 are consistent  with BPH, 
while those > 0.15 ng/ m L per cm 3 suggest cancer. PSA dynam ics is the rate of change in PSA levels over t ime and is expressed most  
comm only as the PSA velocit y or  PSA doubling t ime. I t  is part icular ly useful for  men with seemingly norm al values that  are r ising. 
For men with a PSA level higher than 4 ng/ mL, rates of r ise > 0.75 ng/ mL per year suggest  cancer, while for  those with lower PSA 
levels, rates > 0.5 ng/ mL per year should be used to advise a biopsy. As an example, an increase from 2.5 to 3.2 ng/ m L in a 1-year 
per iod would warrant  fur ther test ing.

PSA-based detection st rategies have changed the clinical spectrum of the disease. Now, 95–99%  of newly diagnosed cancers are 
clinically localized, 40%  are not  palpable, and of these, 70%  are pathologically organ-confined. However, the benefits of PSA 
screening rem ain cont roversial due to the overdetection of cancers with low m alignant  potent ial that  may lead to overt reatment  and 
unnecessary morbidit y. To this end, the U.S. Prostate, Lung, Colorectal and Ovar ian (PLCO)  Cancer Screening t r ial found no m ortalit y 
benefit  from combined PSA screening and DRE in 76,693 randomized men (annual exam vs. standard care)  with a median follow-up  
of 11 years. However, important  caveats about the PLCO study include (1)  many screening part icipants had already undergone PSA 
screening before the t r ial;  (2)  contam inat ion from PSA test ing among cont rols increased from 40%  in year one to 52%  in year six 
and;  (3)  and the biopsycompliance was low. These factors make interpretat ion diff icult .  A subgroup analysis of this t r ial showed a 
reduct ion in cancer m ortalit y among screened men with l it t le or  no comorbidit y. The European Randomized Study of Screening for  
Prostate Cancer (ERSPC)  t r ial followed 182,000 men a median of 9 years randomized either to PSA screening every 4 years or to a 
group not receiv ing regular PSA screening. I n this study, PSA screening without  DRE corresponded to a 20%  relat ive reduct ion of the 
rate of death from  prostate cancer. A report  from the Swedish subgroup of this study based on 14 years follow-up suggested that  
PSA screening m ay reduce cancer- specific mortalit y  by near ly half w ith less overdiagnosis and t reatment  than was noted in the 
European Study as a whole. Men remain advised to make an informed decision on an individual basis about  whether to undergo 
test ing.

A diagnost ic algor ithm based on the DRE and PSA findings is illust rated in Fig. 9 5 -2 . I n general,  a biopsy is recom mended if the DRE 
or PSA is abnormal. Twenty- five percent of men with a PSA > 4 ng/ mL and an abnormal DRE have cancer, as do 17%  of men with a 
PSA of 2 .5–4 ng/ m L and normal DRE.

Figure 9 5 - 2
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PROSTATE BI OPSY
A diagnosis of cancer is established by a TRUS-guided needle biopsy. Direct  v isualizat ion by ult rasound or MRI  assures that all areas 
of the gland are sampled. A m inimum of six separate cores, three from the r ight  and three from the left ,  is advised, as is a separate 
biopsy of the t ransit ion zone if clinically indicated. Contemporary schemas advise an extended-pattern 12- to 14-core biopsy that  
includes the sextant sampling above plus 6 cores from the lateral per ipheral zones as well as a lesion-directed palpable nodule or 
suspicious image-guided sampling. Pat ients with prostat it is should have a course of ant ibiot ics before biopsy. Men with an abnormal 
PSA and negat ive biopsy are advised to undergo a repeat  biopsy.

Each core of the biopsy is examined for  the presence of cancer, and the amount  of cancer is quantified based on the length of the 
tumor within the core and the percentage of the core involved.

PATHOLOGY
The noninvasive proliferat ion of epithelial cells within ducts is termed prostat ic int raepithelial neoplasia.  PI N is a precursor of cancer, 
but  not  all PI N lesions develop into invasive cancers. Of the cancers ident ified, > 95%  are adenocarcinomas;  the rest  are squamous 
or t ransit ional cell tumors or, rarely, carcinosarcom as. Metastases to the prostate are rare, but  in some cases colon cancers or 
t ransit ional cell tum ors of the bladder invade the gland by direct  extension.

When prostate cancer is diagnosed, a measure of histologic aggressiveness is assigned using the Gleason grading system , in which 
the dominant  and secondary glandular histologic pat terns are scored from 1 (well-dif ferent iated)  to 5 (undifferent iated)  and summ ed 

Algor it hm  for  dia gnost ic eva luat ion of m en  based on digit al rectal exam inat ion ( DRE) and prostate-specif ic ant igen ( PSA) levels;  TRUS, 
t ransrectal u lt rasound.
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to give a total score of 2–10 for each tumor. The most  poor ly dif ferent iated area of tum or ( i.e.,  the area with the highest  histologic 
grade) often determ ines biologic behavior. The presence or absence of per ineural invasion and ext racapsular spread are also 
recorded.

PROSTATE CANCER STAGI NG
The TNM staging system  includes categor ies for  cancers that  are palpable on DRE, those ident if ied solely on the basis of an abnormal 
PSA (T1c) , those that  are palpable but  clinically confined to the gland (T2) , and those that  have extended outside the gland (T3 and 
T4)  ( Table 9 5–1 , Fig. 9 5 - 3 ) .  DRE alone is inaccurate in determ ining the extent  of disease within the gland, the presence or 
absence of capsular invasion, involvement  of sem inal vesicles, and extension of disease to lym ph nodes. Because of the inadequacy 
of DRE for staging, the TNM staging system was modif ied to include the results of imaging. Unfortunately, no single test  has proven 
to accurately indicate the stage or the presence of organ-confined disease, sem inal vesicle involvement , or lymph node spread.

Table 9 5 -1  TNM Classifica t ion

TN M Sta ging System  for  Prostate Cancera

Tx Primary tumor cannot be assessed

T0 No evidence of pr im ary tumor

Localized Disease

T1 Clinically inapparent  tumor, neither palpable nor visible by imaging

T1a Tumor incidental histologic finding in 5%  of resected t issue;  not  palpable

T1b Tumor incidental histologic finding in > 5%  of resected t issue

T1c Tumor ident ified by needle biopsy (e.g., because of elevated PSA)

T2 Tumor confined within prostateb

T2a Tumor involves half of one lobe or less

T2b Tumor involves more than one half of one lobe, not both lobes

T2c Tumor involves both lobes

Local Extension

T3 Tumor extends through the prostate capsulec

T3a Ext racapsular extension (unilateral or  bilateral)

T3b Tumor invades sem inal vesicles(s)

T4 Tumor is f ixed or invades adjacent  st ructures other than sem inal vesicles such as external sphincter, rectum , bladder, levator 
muscles, and/ or pelv ic wall.

Metastatic Disease

N1 Posit ive regional lymph nodes

M1 Distant metastases

aRevised from SB Edge et  al ( eds) :  AJCC Cancer Staging Manual,  7th ed. New York, Spr inger, 2010.

b Tumor found in one or both lobes by needle biopsy, but  not  palpable or reliably v isible by imaging, is classified as T1c.

cI nvasion into the prostat ic apex or into (but  not beyond)  the prostat ic capsule is classif ied not  as T3 but  as T2.

Abbreviation: PSA, prostate-specif ic ant igen.

Figure 9 5 - 3

Page 5 of  7AccessM edicine | Print: Chapter 95. Benign and M alignant Diseases of  the Prostate

1/3/2013mk:@M SITStore:C:\Users\Lesea\Downloads\Harrison's.Principles.of.Internal.M edicine.18t...



Page 6 of  7AccessM edicine | Print: Chapter 95. Benign and M alignant Diseases of  the Prostate

1/3/2013mk:@M SITStore:C:\Users\Lesea\Downloads\Harrison's.Principles.of.Internal.M edicine.18t...



TRUS is the imaging technique most  frequent ly used to assess the pr im ary tum or, but  it s chief use is direct ing prostate biopsies, not  
staging. No TRUS finding consistent ly indicates cancer with certainty. CT lacks sensit ivity and specif icit y to detect  ext raprostat ic 
extension and is inferior  to MRI  in v isualizat ion of lymph nodes. I n general,  MRI  perform ed with an endorectal coil is superior  to CT 
to detect  cancer in the prostate and to assess local disease extent. T1-weighted images pr

T sta ges of  prost ate  ca nce r.( A)  T1 — Clin ically inapparent  t umor , neither  palpable nor  visible by imaging;  ( B)  T2— Tum or confined w ithin 
prostate;  ( C)  T3 — Tum or extends through prostate capsule and m ay invade the sem inal vesicles;  ( D )  T4 — Tumor is f ixed or  invades adjacent 
st ructures. Eighty percent  of pat ients present  w ith local disease ( T1 and T2) , which is associated with a 5- year  survival rate of 100% . An 
addit ional 12%  of pat ients present  with  regional disease ( T3 and T4 without  metastases) , which is also associated w ith a 100%  surv ival rate 
after  5  years. Four  percent  of pat ients present  with distant disease ( T4 with m etastases) , which is associated with a 30%  5-year  survival rate. 
( Three percent  of pat ients are ungraded.)  ( Data from  AJCC, ht tp: / / seer .cancer .gov/ stat facts/ h tm l/ prost .h tm l.  Figure ©  Memor ial Sloan-
Ket ter ing Cancer  Center  Medical Graphics;  used with perm ission.)
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