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Seen on a graph, the survival rate for many 
cancers resembles a precipice. Discovered at an 
early stage, most cancers are quickly treatable, 
and the prognosis is excellent. In late stages, 
however, the typical treatment protocol becomes 
longer, more intense, and more harrowing for 
the patient, and the survival rate declines steeply. 
No wonder, then, that one of the most impor-
tant means in fi ghting cancer is to prevent or 
screen for earlier stage tumors. 

Within each oncologic specialty, there is a 
strong push to identify new, more useful tools 
for early diagnosis and treatment, with an 
emphasis on methods amenable to an offi ce-
based or clinical setting. These efforts have 
brought impressive results. Advances in imaging 
technology, as well as the development of 
sophisticated molecular and biochemical tools, 
have led to effective, minimally invasive 
approaches to cancer in its early stages.

This series, Early Diagnosis and Treatment of 
Cancer, gathers state-of-the-art research and 
recommendations into compact, easy-to-use 
volumes. For each particular type of cancer, the 
books cover the full range of diagnostic and 
treatment procedures, including pathologic, 
radiologic, chemotherapeutic, and surgical 
methods, focusing on questions like these:

■ What do practitioners need to know about the 
epidemiology of the disease and its risk 
factors?

■ How do patients and their families wade 
through and interpret the many tests they 
face?

■ What is the safest, quickest, least invasive way 
to reach an accurate diagnosis?

■ How can the stage of the disease be 
determined?

■ What are the best initial treatments for early-
stage disease, and how should the practitioner 
and the patient choose among them?
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■ What lifestyle factors might affect the 
outcome of treatment?

Each volume in the series is edited by an 
authority within the subfi eld, and the contribu-
tors have been chosen for their practical skills 
as well as their research credentials. Key 
Points at the beginning of each chapter help 
the reader grasp the main ideas at once. Fre-
quent illustrations make the techniques vivid 
and easy to visualize. Boxes and tables summa-
rize recommended strategies, protocols, indica-
tions and contraindications, important statistics, 
and other essential information. Overall, the 
attempt is to make expert advice as accessible 
as possible to a wide variety of health care 
professionals.

For the fi rst time since the inception of the 
National Cancer Institute’s annual status reports, 
the 2008 “Annual Report to the Nation on the 
Status of Cancer,” published in the December 
3 issue of the Journal of the National Cancer 
Institute, noted a statistically signifi cant decline 
in “both incidence and death rates from all 
cancers combined.” This mark of progress 
encourages all of us to press forward with our 
efforts. I hope that the volumes in Early Diag-
nosis and Treatment of Cancer will make health 
care professionals and patients more familiar 
with the latest developments in the fi eld, as well 
as more confi dent in applying them, so that early 
detection and swift, effective treatment become 
a reality for all our patients.

Stephen C. Yang, MD
The Arthur B. and Patricia B. Modell 

Professor of Thoracic Surgery
Chief of Thoracic Surgery

The Johns Hopkins Medical Institutions
Baltimore, Maryland















According to the American Cancer Society, in 
2008 an estimated 186,320 men in the United 
States were diagnosed with prostate cancer, 
with 28,660 dying of the disease. Lifetime risk 
estimates for prostate cancer are 17.6% for 
white men and 20.6% for African Americans, 
with a lifetime risk of death from disease of 
2.8% and 4.7%, respectively. The incidence of 
prostate cancer increases with age more rapidly 
than the incidence of any other cancer. Prostate 
cancer is the most common cancer in men older 
than age 50, and more than 75% of all prostate 
cancers are diagnosed in men over age 65. 
Because prostate cancer has been the most 
common visceral cancer in men in the United 
States since 1984 and the second most common 
cause of cancer deaths, primary care providers 
should be familiar with current concepts and 
controversies of prostate cancer screening and 
treatment.

As a practicing urologist at a large tertiary 
referral center for prostate cancer, I continue 
to be amazed at the myriad questions and the 
degree of sophistication of these questions that 
patients bring to their consultation regarding 
treatment options for prostate cancer. Although 
for some patients this refl ects an intelligent 
consumer, for many it highlights just how con-
fused our patients have become as they face a 
disease with several different treatment options, 
including expectant management, radiation 
(intensity modulated radiation therapy versus 
brachytherapy versus proton beam), surgery 
(open versus laparoscopic versus robot-assisted), 
high-intensity frequency ultrasound, cryother-
apy, and hormonal therapy. In the quest for the 
best treatment option for prostate cancer, 
patients quickly learn that there is no consensus 
in the medical community as to one particular 
treatment of choice. Although patients rely on 
advice from their friends, family members, 
internist, and ultimately their urologist, they 
also come to learn that the fi nal decision on 
treatment is theirs and that understanding the 
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relative risks, cure rates, and quality of life that 
accompany each of these treatment modalities 
is essential. Expecting to gain a clear under-
standing of the comparative outcomes between 
therapies for prostate cancer, patients often 
turn to their immediate and “trusty” resource—
the Internet. After streaming through one 
website after another and paging through pub-
lication after publication, patients fi nd them-
selves with more questions than answers. Since 
many controversies exist as to the defi nition of 
cancer cure based on PSA cutoff points between 
surgery versus radiation, defi nition of potency 
(i.e., full versus partial erections, spontaneous 
erections versus successful intercourse) and 
continence (i.e., no pad, one precautionary pad, 
social continence) rates following surgical inter-
ventions, role of expectant management and 
focal therapy, it is no wonder that patients are 
bewildered, frustrated, and often discouraged.

Nevertheless, in the past two decades great 
strides have been made in prostate cancer diag-
nostics and therapeutics, especially in the fi elds 
of radiation oncology and urologic surgery, pro-
viding more effective treatments with fewer side 
effects and less overall morbidity than in the 
past. More importantly, as a result of PSA screen-
ing, approximately half of patients with newly 
diagnosed prostate present with early-stage, 
localized, and therefore potentially curable 
disease. In the current era of PSA screening, 
most patients diagnosed with localized prostate 
cancer, who then proceed with defi nitive treat-
ment with either surgery or radiation, have a high 
probability of cure. It is therefore not surprising 
that mortality from prostate cancer has declined 
in the past decade due at least in part to these 
advances and more effective treatments. In fact, 
as a result of early detection and treatment, 
prostate cancer-specifi c mortality has declined 
from 1 in 3 men dying of their disease 20 years 
ago to only 1 in a 100 such deaths today.

As we in the medical profession continue to 
pursue new therapies and novel approaches to 
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attacking and curing prostate cancer, it is only 
through constant updating and comprehensive 
reporting of all available treatment alternatives 
and their associated outcomes and risks that we 
will be able to better educate both patients 
and their treating physicians alike. Providing 
an up-to-date report on current treatment 
options for clinically localized prostate cancer, 
this text is written with non-urology health 
care professionals in mind. It is my sincere 
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hope that this text will answer most, but 
perhaps not all, of the questions that patients 
face when given a diagnosis of prostate cancer. 
At the very least, it will serve to educate health 
care professionals and patients alike and will 
offer a basis for more educated and evidence-
based discussions about prostate cancer treat-
ment alternatives.

Li-Ming Su, MD
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1
Serum Markers and Screening

Carol Kashefi , Alan W. Partin, and 
J. Kellogg Parsons

K E Y  P O I N T S
● Prostate-specifi c antigen (PSA) testing has dramati-

cally transformed the diagnosis and treatment of 
prostate cancer.

● Higher serum PSA concentrations are associated with 
prostate cancer and benign prostatic hyperplasia.

● Physicians should perform PSA testing using the 
same laboratory and assay to avoid spurious differ-
ences in results.

● There is insuffi cient evidence to recommend either 
for or against routine prostate cancer screening with 
PSA.

● The decision to screen for prostate cancer must be 
individualized.

● Screening for prostate cancer involves both measur-
ing serum PSA concentration and performing a 
digital rectal exam.

● African-American men and men with a family history 
of prostate cancer should be screened annually start-
ing at age 40. All other men should start screening 
at age 50.

● The decision to stop screening should take medical 
comorbidities into account and is reasonably made 
after age 75.

● The classic cut-off for recommending prostate biopsy 
has been 4.0 ng/mL; recently, however, a cut-off of 
2.5 ng/mL has been suggested.

● 5α-Reductase inhibitors (i.e., fi nasteride, dutaste-
ride) artifi cially lower the serum PSA concentration 
by 50% after 6 months of starting the medication. 
Therefore, the reported PSA value in these patients 
needs to be doubled to determine the true PSA 
concentration.

prostate cancer at an early asymptomatic stage 
amenable to curative treatment. Early detection 
has resulted in a dramatic reduction in prostate 
cancer-specifi c mortality; 20 years ago, 1 in 3 
men with prostate cancer died from the disease; 
now, only 1 in 100 does.1

Since prostate cancer is the most commonly 
diagnosed noncutaneous cancer and the second 
most common cause of cancer death among 
U.S. men,1 primary care providers should be 
familiar with current concepts of prostate cancer 
screening and PSA testing. In this chapter, we 
discuss broad concepts of prostate cancer epide-
miology and screening; explain clinical applica-
tions of PSA and other serum markers; and 
provide a practical approach to prostate cancer 
screening based on patient age, health status, 
and known risk factors.

Epidemiology of Prostate Cancer

Prostate cancer is a highly prevalent disease (Fig. 
1-1) and is the second most common cause 
of cancer death in the United States (Fig. 1-2). 
In 2008, approximately 186,320 U.S. men were 
diagnosed with, and 28,660 men died of, pros-
tate cancer.1 The lifetime risk of being diagnosed 
with prostate cancer is now 1 in 6. As a result 
of PSA screening, however, 50% of newly diag-
nosed prostate cancer patients currently present 
with very early-stage, localized disease.2 This 
represents a considerable stage migration over 
the last two decades, driven almost entirely by 
PSA. Indeed, in 1980, 20% of patients presented 
with metastases; in 2004, only 5% did.2 Most 
patients diagnosed with localized prostate cancer 
are treated with surgery or radiation, modalities 
that have a high probability of cure; as a result 

Introduction

Over the past 25 years, prostate specifi c antigen 
(PSA) early detection programs have trans-
formed the diagnosis and treatment of prostate 
cancer. The most widely used tumor marker in 
clinical oncology, PSA allows for detection of 
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prostate cancer mortality rates have steadily 
declined since the early 1990s.

There are large differences worldwide in mor-
tality rates from prostate cancer (Fig. 1-3), and in 
the United States there are regional and racial 
discrepancies that are thought to be due to dif-
ferences in rates of screening and socioeconomic 
factors. Washington, DC, Louisiana, Mississippi, 
and South Carolina had the highest rates of pros-
tate cancer mortality in the United States 
between 1997 and 2001.1 African-American men 
have 2.4 times greater risk of mortality from 
prostate cancer than do US Caucasian men. The 
5-year survival rate of African Americans with 
prostate cancer compared with Caucasians is also 
slightly lower: 96% versus 100%, respectively.1 
This difference may be due in part to discrepan-
cies in detection rates of organ-confi ned disease 
among African Americans and Caucasians—88% 
and 91%, respectively—and is currently under 
investigation.1

Tumor Markers

Prostate-Specifi c Antigen

PSA is a serine protease that liquefi es the seminal 
coagulum after ejaculation. Produced primarily 
by epithelial cells that line the prostatic ducts 
and acini, PSA is largely confi ned to the pros-
tate.3 Although it is expressed in very small 
quantities in the pancreas and salivary glands, 
the normal concentration of PSA in serum is 
quite low—0.2 to 4.0 ng/mL—and a million 
times less than the concentration of PSA in 
seminal plasma.

PSA enters the serum via disruptions of the 
prostatic cell and basement membranes4 (Fig. 
1-4). These PSA leaks occur with both benign 
and cancerous prostate growths, which typically 
produce PSA and distort normal prostate 
anatomy.4 Thus, higher serum PSA concentra-
tions are associated with prostate cancer and 
benign prostatic hyperplasia.
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Figure 1-1. Annual age-adjusted cancer 
incidence rates among males for 
selected cancers, United States, 1975 to 
2005. Rates are age-adjusted to the 2000 
U.S. standard population and adjusted for 
delays in reporting. (Adapted from Jemal A, 
Siegel R, Ward E, et al: Cancer statistics, 
2009. CA Cancer J Clin 59:225–249, 2009, 
Figure 3. © 2009 American Cancer Society. 
Reprinted with permission of John Wiley & 
Sons, Inc.)



Chapter 1 Serum Markers and Screening 3

Prostate

Lung and bronchus

Colon and rectum

Pancreas

Year of death

R
at

e 
pe

r 
10

0,
00

0 
po

pu
la

tio
n

0

100

90

80

70

60

50

40

30

20

10

20
03

20
04

20
05

20
02

20
00

19
98

19
96

19
94

19
92

19
90

19
88

19
86

19
84

19
82

19
80

19
78

19
76

19
74

LiverLeukemia

Stomach

19
30

19
32

19
34

19
36

19
38

19
40

19
42

19
44

19
46

19
48

19
50

19
52

19
54

19
56

19
58

19
60

19
62

19
64

19
66

19
68

19
70

19
72

Figure 1-2. Annual age-adjusted cancer death rates among males for selected cancers, United States, 1930 to 
2005. Rates are age-adjusted to the 2000 U.S. standard population. Note that because of changes in ICD coding, 
numerator information has changed over time. Rates for cancers of the lung and bronchus, colon and rectum, and liver 
are affected by these changes. (From Jemal A, Siegel R, Ward E, et al: Cancer statistics, 2009. CA Cancer J Clin 
59:225–249, 2009, Figure 4. © 2009 American Cancer Society. Reprinted with permission of John Wiley & Sons, Inc.)
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Figure 1-3. Age-adjusted prostate 
cancer mortality rates per 100,000 
males by country. (From Parker SL, 
Tong T, Bolden S, Wingo PA: Cancer 
statistics, 1996. CA Cancer J Clin 
46:5–27, 1996. Reprinted with 
permission of John Wiley & Sons, Inc.)
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Because of differences in technical perfor-
mance and reference standards, PSA measure-
ments from different labs are not necessarily 
comparable.5,6 It is therefore recommended that 
serial PSA assays in an individual patient be 
performed in the same lab with the same assay 
to avoid spurious differences caused by interlab 
and interassay variations.

Variables Affecting Serum 
PSA Concentration

In addition to prostate tumors, several benign 
processes may also cause PSA to leak into the 
bloodstream (Table 1-1). Because the serum 
factor half-life of PSA is 3.15 days, these eleva-

tions are often transient.7 Thus, if an otherwise 
healthy patient with previously low serum PSA 
concentrations presents with a sudden, substan-
tial PSA elevation, the provider should assess for 
the factors listed in Table 1-1 and consider 
repeating the assay before initiating a more 
extensive evaluation.

To prevent false-positive PSA elevations, 
approximately 48 hours should elapse after 
ejaculation before measuring serum PSA, 3 days 
after prostatic massage, 7 days after transrectal 
ultrasound, 4 to 6 weeks of antibiotic therapy 
for prostatitis, 6 weeks after prostate biopsy, 
and 6 weeks after prostate surgical procedures 
such as transurethral resection (TURP).8–11 
Urinary retention may also transiently elevate 
PSA; however, the duration of this elevation 
has not been defi ned. Urethral catheterization, 
exercise, hemodialysis, digital rectal examina-
tion, and cystoscopy have no appreciable effect 
on serum PSA concentration.9–11

The 5α-reductase inhibitors, which include 
fi nasteride (Proscar) and dutasteride (Avodart), 
are commonly prescribed medications used 
to treat benign prostatic hyperplasia (BPH). 
5α-Reductase inhibitors impede prostate growth, 
reduce prostate volume, and are associated 
with a 50% to 60% reduction in serum PSA 
within 6 months of initiating therapy.12 There-
fore, in patients treated with 5α-reductase 
inhibitors, it is important to obtain a baseline 
PSA before beginning 5α-reductase inhibitor 
therapy and to double the reported PSA value 
in these patients to estimate the “true” PSA. 
The lower dose formulation of fi nasteride 
used as treatment for male pattern baldness 

Prostatic
epithelial cells
Prostate
gland lumen

Basal cell layer

Basement
membrane

Blood vessel
PSA

Figure 1-4. PSA is secreted by the epithelial cells of the 
prostatic acini. The majority of the PSA enters the lumen 
of prostatic acini; a minority is absorbed and enters the 
bloodstream. (From Kirby RS, Christmas TJ, Brawer MK: 
Prostate Cancer, 2nd ed. London: Mosby, 2001, Figure 
8.2.)

Table 1-1. Clinical Variables and Serum Prostate-Specifi c Antigen (PSA) Concentration

Variable Effect on Serum PSA

Catheterization None
Exercise None
Hemodialysis None
Digital rectal exam (DRE) None
Cystoscopy None
Urinary retention Possible short-term elevation
Ejaculation Elevation for up to 48 hr
Prostatic massage Elevation for up to 3 days
Transrectal ultrasound (TRUS) Elevation for up to 7 days
Prostatitis Elevation for up to 4–6 wk while on antibiotics
Prostate needle biopsy Elevation for up to 6 wk
Transurethral resection (TURP) Elevation for up to 6 wk
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(Propecia) may also lower serum PSA, but to 
a lesser extent.

Saw palmetto (Serenoa repens), an herbal 
supplement widely used by older men to treat 
prostate-related symptoms, does not affect 
serum PSA concentrations.13 Lycopene, vitamin 
E, and selenium are other popular supplements 
that may potentially reduce the risk of prostate 
cancer and are currently under study. They have 
no known effect on serum PSA concentrations. 
It is important to note, however, that unregu-
lated supplements may contain contaminants, 
such as estrogen, which may potentially reduce 
serum PSA concentrations through hormone-
related mechanisms.

PSA Velocity, Age-Specifi c PSA, and 
Free PSA

The fact that conditions such as prostatitis 
and BPH may increase serum PSA diminishes 
its specifi city as a diagnostic test for cancer. 
Reduced specifi city may lead to false-positive 
results, increased patient anxiety, and unneces-
sary prostate biopsies. Accordingly, several addi-
tional, adjuvant analyses have been developed to 
increase the specifi city of the PSA assay for 
cancer. Two of the most common adjuvant PSA 
tests are PSA velocity and free PSA. Routine use 
of these tests by primary care physicians is cau-
tioned, and consultation with a urologic oncolo-
gist is advised.

PSA velocity refers to the rate at which serum 
PSA increases over time. Faster rates of rise are 
associated with increased risk of prostate cancer. 
Studies have shown that, within a PSA range of 
4.0 to 10.0 ng/mL, a rise by more than 0.75 ng/
mL per year shows a specifi city of cancer detec-
tion of 90% and a sensitivity of 79%.14

Free PSA refers to that proportion of PSA 
that circulates in the blood unbound to protein. 
The majority of PSA that circulates in the blood 
(65% to 95%) is complexed to one of several 
proteins, primarily α1-antichymotrypsin. The 
remaining 5% to 35% of circulating PSA is 
unbound.15,16 PSA released from prostate cancer 
cells tends to escape intracellular proteolytic 
processing, thereby leading to reduced propor-
tions of free PSA in the serum of prostate cancer 
patients. This characteristic provides additional 
specifi city for cancer detection.17–20

The FDA has approved the use of percent free 
PSA for patients with normal digital rectal exam-

inations and total PSAs between 4 and 10 ng/mL 
(Fig. 1-5). Generally, a percent free PSA between 
18% and 20% detects almost 50% of cancers 
while sparing a substantial number of men from 
undergoing unnecessary biopsy.21 Since both 
total and free PSA concentrations decrease in 
men on fi nasteride, the percentage of free PSA 
is not signifi cantly altered.22,23

Future Prostate Cancer Tumor Markers

Many promising tumor markers are under study, 
identifi cation of which has been made possible 
through advances in molecular biology, genom-
ics, and epigenetics. A close relative of PSA, 
human kallikrein 2 (hK2) may possibly have 
more specifi city for cancer staging (but not 
detection) than PSA. This is based on studies 
that show dramatically more intense expression 
of hK2 in malignant prostate cells than in benign 
cells.24–27 DNA hypermethylation has been iden-
tifi ed in two genes involved in prostate cancer 
tumor suppression, with early data showing a 
strong positive association of DNA hypermethy-
lation with more aggressive tumors.28–30 Finally, 
the AMACR gene (which codes for an enzyme 
responsible for beta-oxidation of branched-chain 
fatty acids) has been found to be upregulated in 
most prostate cancer tissues.31,32 Its detection in 
biopsy tissue has 97% sensitivity and 100% spec-
ifi city rates.32 As a potential molecular probe, it 
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could have a great impact on prostate cancer 
detection by means of radiologic imaging.

A Practical Approach to Prostate 
Cancer Screening

Many physicians are surprised to learn that 
despite the widespread use of the PSA assay, 
there are no offi cial recommendations governing 
its use. In 2003, the U.S. Preventive Services 
Task Force analyzed many studies and deter-
mined that insuffi cient evidence existed to rec-
ommend either for or against routine prostate 
cancer screening with PSA.33

Likewise, the American Association of Family 
Practitioners, the American College of Physi-
cians, the American College of Surgeons, the 
American Medical Association, the American 
Urological Association, and the National Com-
prehensive Cancer Network are among the pro-
fessional organizations that have declared that 
the decision to screen for prostate cancer must be 
individualized.

Therefore, patients—particularly older 
ones—should be fully informed as to the impli-
cations of prostate cancer screening. They should 
be made aware that an elevation in serum PSA 
and/or abnormal digital rectal exam may lead to 
prostate biopsy and diagnosis of a cancer that 
may or may not be clinically signifi cant for that 
patient.

Within this framework, therefore, we present 
the following general guidelines for screening 
(Box 1-1):

How to Screen

Screening for prostate cancer involves both 
measuring serum PSA concentration and 
performing a digital rectal exam. This is because 
up to 25% of those with cancers present 
with “normal” PSA (i.e., less than 4.0 ng/mL; 
see text that follows) and an abnormal 
digital rectal exam.34–36 An abnormal digital 
rectal exam is an indication for performing 
prostate biopsy, regardless of serum PSA 
concentration.

When to Start Screening

Although there is no consensus, most men should 
begin annual screening at age 50 years. For 
African Americans and men with a family history 

of prostate cancer (fi rst-degree relative), screen-
ing should begin at age 40 years.

How Often to Screen

Although there is no consensus, most men should 
be screened annually. For men with consistently 
low PSA values and normal exams over several 
years, consideration may be given to extending 
the interval between testing.

When to Stop Screening

Because prostate cancer is generally an indolent 
cancer considerable debate exists as to when 
prostate cancer screening should be discontin-
ued, a debate focusing on the diminishing health 
care benefi ts of prostate cancer detection and 
treatment in older men. A reasonable cut-off is 
age 75 years. However, screening may be con-
sidered in older men with life expectancy of 
more than 5 to 10 years. Screening in these men 
should be performed within the context of 
informed decision making and ascertainment of 
medical comorbidities.

What Concentration of PSA Is Abnormal?

There is also considerable debate as to what 
constitutes an abnormal PSA. The classic cut-off 
for recommending prostate biopsy has been 
4.0 ng/mL, which is associated with a positive 
predictive value of 25% (i.e., a probability of 
25% of detecting cancer on biopsy).37 Recently, 
however, a cut-off of 2.5 ng/mL has been sug-
gested, as has the use of a PSA velocity cut-off 

Box 1-1. Recommendations for Prostate 
Cancer Screening

What to check:
 Serum PSA
 Digital rectal exam
When to start:
  African Americans and/or those

  40 yr with family history
 All others 50 yr
How often:
 Annually
When to stop:
 75 yr
  Consider continuing in older men if life expectancy

 is >5–10 yr
Cut-off for abnormal serum PSA:
 ≥4.0 ng/dL
 Also consider referral to a urologist if ≥2.5 ng/dL
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of 0.5 ng/mL for men with a PSA less than 
2.5 ng/mL.38 Given the current lack of consen-
sus, it is reasonable to use a cut-off of 4.0 ng/mL 
for referral to a urologist, with consideration 
given to a cut-off of 2.5 ng/mL, particularly in 
younger men.

Conclusion

Prostate cancer early detection programs using 
PSA testing have altered the diagnosis and treat-
ment of prostate cancer. Elevated serum PSA 
is associated with increased probability of pros-
tate cancer; however, serum PSA may also be 
affected by BPH, prostate medications, and 
other benign clinical variables. Although evi-
dence-based guidelines are anticipated in the 
near future, currently the decision to screen 
should be individualized to each patient.
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Biopsy, Diagnosis, and Staging 
of Prostate Cancer

Shahrokh F. Shariat 
and Claus G. Roehrborn

● An abnormal digital rectal examination (DRE) result or 
elevated serum prostate-specifi c antigen (PSA) mea-
surement may indicate prostate cancer. The exact cut-
off level of what is considered to be a normal PSA value 
has not been determined, but values of less than 2.5 ng/
mL for younger men and slightly higher for older men 
are often used.

● The diagnosis of prostate cancer depends on histopatho-
logic (or cytologic) confi rmation. Biopsy and further 
staging investigations are indicated only if they affect 
the management of the patient.

● Transrectal periprostatic injection with a local anes-
thetic may be offered to patients as effective analgesia 
when undergoing prostate biopsies. Several types of 
local anesthesia are now available, but periprostatic 
nerve block with 1% or 2% lidocaine is the recom-
mended form of pain control and comfort management 
during transrectal ultrasound (TRUS)-guided prostate 
biopsy.

● TRUS-guided systemic biopsy is the recommended 
method in most cases in which there is suspicion of 
prostate cancer. Transperineal biopsy is an up-to-
standard alternative.

● Initial biopsy:
 ●  A minimum of 10 systemic, laterally directed cores 

are recommended, eventually with more cores in 
larger glands.

 ●  Extended prostate biopsy schemes that require cores 
weighted more laterally at the base (lateral horn) and 
medially to the apex show better cancer detection 
rates without increasing adverse events.

 ●  Transition zone biopsies are not recommended in the 
fi rst set of biopsies because of low detection rates.

● One set of repeat biopsies is warranted in cases with 
persistent indication (abnormal DRE, elevated PSA, 
abnormal PSA derivatives, and/or histopathologic fi nd-

ings suggestive of malignancy at the initial biopsy). 
Biopsy of the transition zone of the prostate should be 
considered for men undergoing a repeat biopsy for 
whom a suspicion of a missed cancer anteriorly is high. 
Overall recommendations for further (third or more) 
sets of biopsies cannot be made; the decision must be 
made based on the individual patient.

● A repeat biopsy is not indicated for men with high-
grade prostatic intraepithelial neoplasia (PIN) if the 
original biopsy technique was adequate. A prostate 
biopsy that reveals atypical glands that are suspicious 
for but not diagnostic of cancer should be repeated.

● Saturation biopsy (20 cores) should be reserved for 
repeat biopsy in patients who have a negative initial 
biopsy but are still strongly suspected to have prostate 
cancer. Complications and risk of diagnosing clinically 
insignifi cant cancer using saturation biopsy following a 
prior negative biopsy are reported to be no higher than 
with routine sextant or extended core biopsy unless 
general or regional anesthesia is used, whereas the 
detection of clinically signifi cant cancer is higher.

● Local staging (T staging) of prostate cancer is based on 
fi ndings from DRE and possibly MRI. Further informa-
tion is provided by the number and sites of positive 
prostate biopsies, tumor grade, and level of serum PSA.

● Lymph node status (N staging) is important only when 
potentially curative treatment is planned for. Patients 
with stage T2 or less, PSA less than 20 ng/mL, and a 
Gleason score lower than 6 have a less than 10% likeli-
hood of having node metastases and may be spared 
nodal evaluation. Accurate lymph node staging can be 
determined only by operative lymphadenectomy.

● Skeletal metastasis (M staging) is best assessed by bone 
scan. This may not be indicated in asymptomatic patients 
if the serum PSA level is less than 20 ng/mL in the pres-
ence of well- or moderately differentiated tumors.

K E Y  P O I N T S

Introduction

Prostate cancer rarely causes symptoms unless 
it is advanced. Thus, suspicion of prostate cancer 
resulting in a recommendation for prostatic 

biopsy is most often raised by abnormalities 
found on digital rectal examination (DRE) or by 
serum prostate-specifi c antigen (PSA) eleva-
tions. Although there is controversy regarding 
the benefi ts of early diagnosis, it has been 
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demonstrated that an early diagnosis of prostate 
cancer is best achieved with a combination of 
DRE and PSA.

A virtually non-negotiable requirement before 
initiating treatment for prostate cancer is the 
establishment of a tissue diagnosis, since at the 
present time there are no serum- or urine-based 
markers with suffi cient specifi city to allow a 
provider to confi dently start treatment. There 
are some legitimate exceptions to this rule, such 
as a patient presenting with a very high serum 
PSA and obvious evidence of metastatic cancer 
of unknown origin (but presumed to be pros-
tatic). In such patients, when time is of the 
essence (e.g., pending paraplegia due to spine 
metastases), reversible hormonal ablation may 
be initiated awaiting tissue diagnosis. In all other 
patients, however, as with most other solid 
organ cancers, the fi rst goal is to obtain suffi cient 
amounts of tissue to allow a histopathologic 
assessment and a confi dent diagnosis of cancer 
if present. Transrectal ultrasound (TRUS)-
guided, systematic needle biopsy is the most 
reliable method of ensuring accurate sampling 
of prostatic tissue in men considered at high risk 

for harboring prostatic cancer on the basis of 
DRE and PSA fi ndings.

The goal of cancer staging is to determine the 
extent of disease as precisely as possible to assess 
prognosis and guide management recommenda-
tions. The local extent of disease determined by 
DRE (tumor [T] stage), serum PSA level before 
prostatic biopsy, and tumor grade correlates 
directly with the pathologic extent of disease 
and is useful in the staging evaluation of men 
with adenocarcinoma of the prostate. MRI and 
nuclear medicine imaging have been investigated 
as modalities for identifying early local extra-
prostatic and lymphatic spread of disease.

Prostate Biopsy

General Procedures

TRUS-guided prostate biopsies are recom-
mended for men who have a DRE that is suspi-
cious for cancer of the prostate or who have an 
elevated or rising PSA level, suggesting the pres-
ence of prostate cancer. Prostate tissue samp-
ling is done almost universally by transrectal 
needle biopsy (Fig. 2-1), although in very rare 

Pubic bone
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Figure 2-1. Placement of transrectal ultrasound needle biopsy probe.
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circumstances, a biopsy of a metastatic site 
(bone lesion) or a suspicious lymph node may 
be easier and more advantageous. There are also 
circumstances in which the usual transrectal 
route is not feasible (e.g., after anterior-
posterior resection of the rectosigmoid; see dis-
cussion in text that follows). As nearly universal 
as is the approach, as nearly universal is the 
technique, namely, a TRUS-guided biopsy using 
an 18G needle to obtain a tissue core. To be 
certain, the same biopsy device and needle may 
be used to perform a fi nger-guided biopsy, but 
this is reserved for some unusual circumstances 
as well (e.g., when TRUS imaging is not avail-
able or fi nger-guided directed biopsy of suspi-
cious nodule is not seen on TRUS). Lastly, in 
decades past physicians in many countries per-
formed fi ne-needle aspiration (FNA) of the 
prostate, but this technique is used less and less 
often, although advocates claim that it is cheaper, 
faster, and easier to perform and that it results 
in lower morbidity than any other technique 
developed so far. Appropriate training in per-
forming transrectal FNA of the prostate and in 
interpreting the smears is, of course, essential.1 
FNA plays a major role in the aforementioned 
situations in which the diagnosis is established 
from nonprostatic tissue sources, such as lymph 
nodes and others.2,3

Since the landmark paper by Hodge et al.4 
demonstrated the superiority of TRUS guidance 
compared with digitally guided biopsy, the so-
called TRUS-guided biopsy technique has 
become the worldwide accepted standard in 
prostate cancer diagnosis. Statistical perfor-
mance (sensitivity, specifi city, positive and neg-

ative predictive values) of all other diagnostic 
tests (e.g., DRE, PSA) is calculated based on the 
assignment (cancer present versus absent) made 
by prostate biopsy. Recognizing the fact that all 
sampling procedures including prostate biopsies 
incur the risk of being false-negative (i.e., cancer 
is present but missed by the biopsies), calcula-
tion of the statistical performance characteris-
tics of all other tests using biopsy outcomes as 
gold standard are inherently incorrect and biased. 
Similarly, when comparing the statistical perfor-
mance of various biopsy strategies, usually the 
most extensive strategy is chosen as the gold 
standard to defi ne disease presence or absence. 
Moreover, the performance of all other strate-
gies are calculated based on that particular strat-
egy, again incurring a signifi cant bias owing to 
the remaining false-negative rate of even the 
most extensive sampling strategy.

Likelihood of Missing Cancer

The question of how often a prostate biopsy will 
turn out to be false-negative is of clinical as well 
as statistical importance (Fig. 2-2). Computed 
biopsy simulations on a series of mapped whole-
mount sections of radical prostatectomy speci-
mens showed that the chance of missing a cancer 
by sextant biopsy is estimated at about 25%.5 
A repeat sextant biopsy of the prostate per-
formed in 118 men with biopsy-proven cancer 
failed to identify cancer in 27 men, or 23%.6 
Although these patients with repeat negative 
biopsies tended to have lower PSAs and larger 
glands, none of the differences in clinical or 
pathologic parameters or PSA relapse rates were 

TRUS-guided biopsy
Significant cancer missed

TRUS-guided biopsy
Unresectable cancer

TRUS-guided biopsy
Insignificant cancer

TRUS-guided biopsy
No cancer

TRUS-guided biopsy
Localized cancer

Figure 2-2. Transrectal 
ultrasonography (TRUS) and 
guided biopsy.
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signifi cant. Svetec et al.7 performed an ex vivo 
sextant biopsy on 90 prostates removed for 
biopsy-proven cancer, which was negative in 41 
prostates (46%). Depending on the presenting 
characteristics, such as age and serum PSA, the 
risk of a false-negative re-biopsy varied widely. 
Although one might argue that the ex vivo biopsy 
of a removed prostate signifi cantly differs from 
an in vivo TRUS biopsy, the results clearly vali-
date the concept of false-negative biopsies and 
their impact on detection and statistical perfor-
mance characteristics.

A similar but more extensive study was per-
formed by Fink et al.,8 who did ex vivo sextant 
and 10-core biopsies on 91 radical prostatec-
tomy specimens. The fi rst sextant set found 
60% and the second sextant set 75% of all 
cancer, whereas the 10-core biopsy sets found 
78% and 90% of the cancers, respectively. Thus, 
even using two 10-core biopsies, approximately 
10% of the cancers were missed, of which eight 
were signifi cant based on a tumor volume of 
larger than 0.5 mL.

Equipment for TRUS-Guided Prostate Biopsy

Many ultrasound manufacturers have produced 
devices designed for the practicing urologist 
(Fig. 2-3). Key to the successful performance of 
a TRUS biopsy is a dedicated TRUS probe. 
Given that the prostate rests directly on the 
rectum, that is, in close proximity to the ultra-

sound probe, either the transducer must have 
excellent near-fi eld resolution or a water balloon 
must be infl ated to achieve the necessary dis-
tance from the rectal wall.

Axial resolution is a direct refl ection of 
increase in frequency. Therefore, ideally one 
would use a very high-frequency transducer. 
The commonly used transrectal transducers 
have frequencies ranging from 5.0 to 8.5 MHz. 
To achieve good lateral resolution, the sound 
wave beam must be focused, resulting in a focal 
point of best resolution and a focal range of 
adequate lateral resolution. Considering the 
average size of the prostate, the focal range of 
the probe should extend at least 4 cm away 
from the rectal wall.

Aside from the transducer, there are funda-
mental design differences in the TRUS probes, 
namely, endfi re and sidefi re probes, referring to 
the way in which the biopsy needle is passed 
either alongside or through the transducer to 
reach the prostate. Imaging and specifi c mea-
surements of prostates with these two different 
designs differ as a result of the differing angles 
in which the sound waves are aimed at the pros-
tate. The endfi re probes never achieve a strict 
transverse image of the prostate, but rather a 
diagonal image, which may impact volume cal-
culations. However, in both cases the needle 
enters the prostate in an oblique or fl at angle, 
and thus the peripheral zone of the prostate 
is preferentially sampled. The choice of the 

Wheel for
portability

Transducer
plugs

Printer (thermal)

Transducer bay

Keyboard

Monitor

Figure 2-3. Equipment for 
transrectal ultrasound-guided 
prostate biopsy. (Reproduced 
with permission from Claus G. 
Roehrborn.)
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transducer design for the purpose of TRUS 
biopsies is largely the physician’s preference.

An indispensable part of the TRUS equip-
ment is the so-called biopsy gun, a spring-loaded 
device that has immensely simplifi ed the perfor-
mance of prostate biopsies compared with the 
old-style fi nger-guided Vim-Silverman or Tru-
cut needles. The standard needles for the biopsy 
guns are 18G in diameter, and the maximal 
length of the core is 15 mm.

Patient Preparation

To prevent the presence of fecal material in the 
rectal vault, the administration of enemas before 
the biopsy is commonly recommended and is 
practiced by about 80% (n = 6) of participants 
in a survey,9 although others dispute their 
benefi t.10 To prevent air from collecting in front 
of the ultrasound probe and interfering with 
sound wave penetration and resolution, the 
patient is ideally positioned in the left lateral 
decubitus position, although some physicians 
prefer the lithotomy position.

The issue of antibiotic prophylaxis has been 
settled by controlled trials. Two hundred thirty-
one patients were randomized into three groups: 
one group receiving placebo, another group 
receiving a single dose of ciprofl oxacin 500 mg 
and tinidazole 600 mg, and another group 
receiving the same combination twice a day for 
3 days. Among the three groups, no signifi cant 
differences were seen in noninfective com-
plications (27, 29, and 31 in groups 1 to 3, 
respectively), but the incidence of infective 
complications (19, 6, and 8, respectively) 
was signifi cantly higher in group 1 (P = .003).11 
Isen et al.12 investigated the effi cacy of prophy-
lactic use of single-dose oral ofl oxacin and 
trimethoprim-sulfamethoxazole regimens in 
110 men. In the ofl oxacin, trimethoprim-
sulfamethoxazole, and control groups, urinary 
infection was found in two (4.76%), three 
(6.66%), and six (26.08%) patients, respec-
tively. Both of these antibiotic regimens pro-
duced a statistically signifi cant reduction in 
urinary infection (P < .02, P < .05). Kapoor 
et al.13 randomized 537 patients to receive either 
oral ciprofl oxacin 500 mg or placebo before 
transrectal needle biopsy of the prostate. Six 
ciprofl oxacin-treated (3%) and 19 placebo-
treated (8%) patients had bacteriuria (more 
than 104 CFU/mL) after the procedure (P = 

.009). Six ciprofl oxacin recipients (3%) and 12 
placebo recipients (5%) had clinical signs and 
symptoms of a urinary tract infection (UTI) 
(P = .15). Bacteriuria was reduced in patients 
with single-dose oral ciprofl oxacin after biopsy 
compared with that with placebo in patients 
undergoing transrectal prostatic biopsy, which 
also provided an economic advantage. In addi-
tion, this study established the actual rate of 
bacteriuria after transrectal needle biopsy of the 
prostate without antibiotic prophylaxis to be 
8%, with a clinical rate of UTI of 5% and a hos-
pitalization rate of 2%.

Anesthesia Issues

The traditional fi nger-guided biopsy of the pros-
tate was performed either with no anesthesia or 
with spinal or general anesthesia, depending on 
physician preferences. With the introduction of 
the TRUS-guided biopsy, most practitioners used 
either no analgesia/anesthesia and/or oral pain 
medications. With the recognition that more than 
six biopsies might be advantageous in the diagno-
sis of cancer, more and more practitioners have 
explored the use of various methods of achieving 
analgesia/anesthesia during the biopsy.

The results of intrarectal lidocaine gel 
(2%) have been controversial when compared 
with placebo. Some investigators such as 
Desgrandchamps et al.14 found no improved 
pain control when comparing intrarectal lido-
caine gel with simple hydrophilic gel in a ran-
domized study of 109 patients. In contrast, Issa 
et al.15 found a signifi cantly lower median pain 
score in patients using intrarectal lidocaine com-
pared with placebo in 50 randomized patients. 
In a recent meta-analysis of fi ve studies involving 
466 patients, Tiong et al.16 found that intrarectal 
local anesthesia was associated with pain reduc-
tion compared with placebo, but the effect size 
was not statistically signifi cant.

Several randomized studies have recently 
shown that intrarectal local anesthesia is inferior 
to periprostatic nerve block with lidocaine injec-
tion.17–22 Alavi et al.,23 for example, randomized 
150 patients undergoing TRUS biopsy to either 
2% lidocaine gel intrarectally or periprostatic 
infi ltration with 1% aqueous lidocaine. The 
mean pain scores were 3.7 versus 2.4 (P < .001) 
in favor of the infi ltration.

The results of periprostatic nerve block with 
aqueous lidocaine have been positive in random-
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ized controlled trials. Bulbul et al.24 performed 
12-core biopsies in 47 patients with 2% lido-
caine periprostatic infi ltration and 25 matched 
patients without lidocaine. The researchers 
found no discomfort in 70% of the lidocaine 
patients compared with 48% of the control 
patients (P < .05). Moderate to severe discom-
fort was reported by 32% of the control patients 
compared with 11% of the lidocaine patients. 
Randomized and sham controlled studies per-
formed in series of 152,25 90,26 132,27 and 157 
patients28 all found less discomfort and pain 
with the infi ltration of lidocaine. Given these 
data, the periprostatic infi ltration with 1% or 2% 
lidocaine is the recommended form of pain 
control and comfort management during TRUS-
guided prostate biopsy.

Although the effi cacy of periprostatic nerve 
block is established, the optimal dosage and 
technique remain controversial. Various infi ltra-
tion sites have been described, including the 
apex only, the bilateral neurovascular bundle 
regions only (defi ned variously as basolateral, 
posterolateral, periprostatic nerve plexus, 
prostate-vesicular junction injections), the apex 
and neurovascular bundle, and three locations 
(base, mid, and apex) posterolaterally and lateral 
to the tip of the seminal vesicles. A study using 
a placebo and groups of escalating doses of 1% 
lidocaine infi ltration (2.5, 5, and 10 mL) dem-
onstrated that the best pain relief was obtained 
with 10 mL of lidocaine infi ltrated solely at the 
neurovascular bundle region (single site) or at 
the neurovascular bundle and apical regions 
(double site).29 Therefore, the authors recom-
mended single-site, 10-mL infi ltration in the 
region of the neurovascular bundle. Even if infi l-
tration of the neurovascular bundle region seems 
essential for effective anesthesia, apical infi ltra-
tion alone has been reported to provide signifi -
cant pain relief.30 However, the combination of 
neurovascular bundle and peri-apical local anes-
thesia is not superior to neurovascular bundle 
block alone in reducing pain during prostate 
biopsy.31

The issue of whether periprostatic nerve 
block should be associated with intrarectal 
lidocaine or oral medication remains an open 
question. Pendleton et al.32 recently reported 
that oral administration of 75 mg tramadol/
650 mg acetaminophen 3 hours before peripros-
tatic nerve block appears to provide more 
effective pain control than periprostatic nerve 

block alone without causing any additional 
complications.

The introduction of periprostatic nerve block 
has allowed extended prostate biopsy to be per-
formed easily in the offi ce and furthermore for 
the number of biopsies taken to be increased 
without increasing the discomfort and pain of 
the patients. Despite the variability of location 
and dosage of infi ltration, the periprostatic nerve 
block is presently the most effective method of 
reducing pain during TRUS biopsy. It remains 
controversial whether periprostatic nerve block 
should be associated with intrarectal lidocaine 
or oral medication.

Complications of TRUS Biopsies

TRUS-guided prostate biopsy in general is a 
safe procedure. Aside from infectious compli-
cations and pain, most complaints center on the 
issues of urethral and rectal bleeding as well as 
hematospermia. In a contemporary series, the 
morbidity of 1000 patients undergoing a TRUS-
guided biopsy was compared with the morbid-
ity of 820 of these patients with a second 
biopsy in whom the initial biopsy was negative 
for cancer.23 Immediate morbidity was minor 
and included rectal bleeding (2.1% and 2.4% 
for fi rst and second biopsy, respectively, P = 
.13), mild hematuria (62% and 57%, respec-
tively, P = .06), severe hematuria (0.7% and 
0.5%, respectively, P = .09), and moderate to 
severe vasovagal episodes (2.8% and 1.4%, 
respectively, P = .03). Delayed morbidity of 
fi rst and re-biopsy comprised fever (2.9% 
versus 2.3%, P = .08), hematospermia (9.8% 
versus 10.2%, P = .1), recurrent mild hematuria 
(15.9% versus 16.6%, P = .06), persistent 
dysuria (7.2% versus 6.8%, P = .12), and urinary 
tract infection (10.9% versus 11.3%, respec-
tively, P = .07). Major complications were rare 
and included urosepsis (0.1% versus 0%) and 
rectal bleeding that required intervention (0% 
versus 0.1%, respectively). Roberts et al.33 
reviewed 2258 biopsies performed in Olmsted 
County, Minnesota, from 1980 to 1997 and 
found overall a 16.7% complication rate, which 
was remarkably constant from the fi rst period 
(1980–1986; 16.9%) to the last period (1993–
1997; 16.5%). Gross hematuria was by far the 
most common complication in the last period 
(12.8%), and major complication occurred in 
only 1.9% of cases.
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Clinically Signifi cant Cancer

The original TRUS-guided technique was 
described as a sextant biopsy done both in a 
randomized and systematic fashion.4 The term 
“random” implies that the needle is inserted into 
the tissue without aiming at a specifi c target, 
whereas “systematic” implies that six specifi c 
sectors of the prostate are sampled. Many modi-
fi cations have been proposed to this scheme, and 
generally the more cores that are taken, the 
greater the diagnostic yield of cancer is. Given 
these considerations, we must assume that more 
cores will fi nd more cancer, and that we will 
never be able to fi nd all cancer. The key there-
fore is to determine the most appropriate 
number of biopsies for an individual patient that 
ensures with the greatest statistical probability 
that all clinically signifi cant cancers are found 
(Fig. 2-4).

The term “clinically signifi cant cancer,” 
however, is the crux of the matter, since little 
information is available to determine what con-
stitutes clinical signifi cance. Stamey et al.34 
examined prostates after 139 consecutive 
unselected cystoprostatectomies from patients 
with bladder cancers in whom it was unknown 
whether they had prostate cancer.34 Prostate 
cancer was found in 55 patients (40%); the 
volume of the largest cancer in each specimen 
was determined using morphometry. The largest 
11 of the 55 cancers represented 7.9% of the 
total 139 samples. These cancers ranged in 
volume from 0.5 to 6.1 mL, representing only 
20% of all patients with prostate cancer. Pros-
tate cancers larger than 0.5 mL appear to corre-

spond to the 8% of men who will be diagnosed 
with a clinically signifi cant carcinoma, and the 
authors concluded that these represent “clini-
cally signifi cant” cancer. In a series of prostatec-
tomy patients, Epstein et al.35 found that tumors 
smaller than 0.2 mL had no capsular penetration 
or progression over 5 years, whereas tumors 
0.2 to 0.5 mL had extracapsular penetration 
or progression in 13% of cases, suggesting 
that the smallest tumors were clinically 
insignifi cant. Crawford et al.36 defi ned insignifi -
cant cancers as smaller than 0.25 mL with a 
Gleason score of 7 or less based on computer 
modeling.

Vashi et al.37 determined signifi cance by the 
tumor size at time of diagnosis, taking into con-
sideration the age of the patient as well as the 
doubling time of the cancer. This is an intui-
tively appealing process, although it confounds 
the calculation with the uncertainty of the dou-
bling time as well as the patient’s life expec-
tancy. A doubling time of 3 to 6 years was 
assumed for the calculations.38 A study by 
Bostwick et al.39 demonstrated a 10% pro bability 
of metastasis for tumors at 5 mL, 50% at 13 mL, 
and 87% at 20 mL. Using these assumptions and 
life tables from the US Department of Health 
and Human Services, the following formula can 
be used to determine life-threatening tumor 
volume at time of diagnosis:

V0 = VD/2 LE/DT = 20 mL/2 LE/DT

where V0 = life-threatening volume at time of 
diagnosis, VD = critical tumor volume at time of 
death, LE = life expectancy, and DT = doubling 
time.

Based on these assumptions, a life-
threatening tumor volume may range from 
0.05 mL in a 50-year-old man assuming a dou-
bling time of 3 years to 6.7 mL in a 75-year-old 
man assuming a doubling time of 6 years. 
Depending on prostate size, the authors then 
calculated the number of cores needed to 
ensure 90% certainty of cancer detection strati-
fi ed by tumor volume. Finally, the number of 
cores was recommended, stratifi ed by prostate 
gland volume and age of patients, taking into 
consideration the volume of life-threatening 
tumor for each age group. The number of cores 
needed ranges from 2 (75-year-old man with a 
10-mL prostate) to 23 (50-year-old man with 
a 30-mL prostate).

Well/moderate

Poorly differentiated

Figure 2-4. Transrectal ultrasound grading and 
staging limitations.
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Initial Prostatic Biopsy

Results of Biopsy Strategies 
(Number and Location of Cores)

Over the last few years, there has been increasing 
interest in defi ning more effi cient biopsy schemes 
for prostate cancer detection. Adding more biop-
sies to prostatic areas not sampled by standard 
sextant schemes should increase the detection 
rate for prostate cancer. However, it is not clear 
whether the increased detection rate is simply 
due to the additional biopsies or to the location 
from which the cores are taken. Moreover, the 
number of biopsies required for the optimal 
detection of clinically signifi cant prostate cancer 
remains controversial. One thing, however, is 
established: Biopsies of the transitional zone add 
little to cancer detection and should therefore 
not be sampled during the initial biopsy.40 More-
over, the necessity of biopsy of single hypoechoic 
lesions seems to be no longer necessary, because 
a visible lesion itself is as likely to be the source 
of cancer as the next adjacent area.41

Although the diagnostic yield of sextant biop-
sies varies according to the population studied, 
in general between 20% and 35% of patients are 
found to have cancer using the original descrip-
tion by Hodge et al.4 Several researchers have 
evaluated the diagnostic yield of lateral biopsies 
within an extended prostate biopsy scheme. 
Most of the studies have demonstrated that 
extended prostate biopsy is superior to the 
sextant protocol in cancer detection, without 
signifi cant morbidity and without increasing the 
number of insignifi cant cancer cases.42 Addition 
of laterally directed biopsies, which are aimed 
at also sampling the lateral horn, have been 
shown to yield an approximately 5% to 35% 
increased sensitivity.40,43–46 Most extra cancers 
were detected in the far lateral midlobar region, 
an area well sampled by the technique of later-
ally directed sextant biopsy.

In addition to the number of cores, the direc-
tion of the biopsies may well be as important. 
The apex and the base of the peripheral gland 
are the sites at which prostate cancer is most 
likely located and at which the biopsies should 
be directed, whereas the midline biopsies have 
been demonstrated to have the lowest probabil-
ity of being positive.40,43–46

Eskew and coworkers46 demonstrated that 
the fi ve-region biopsy protocol with 13 to 18 
cores increased the detection rate of prostate 

cancer by 35% when compared with standard, 
midlobar sextant biopsies. Ravery et al.47 per-
formed TRUS biopsies in 303 men who had 
DRE and PSA abnormalities using either 10 or 
12 cores (if total prostate volume was more than 
50 mL) and found cancer in 38%, which repre-
sents a 6.6% increase in the cancer detection 
rate compared with sextant biopsy. The increase 
was particularly pronounced in patients with a 
PSA of less than 10 ng/mL and/or a total pros-
tate volume of greater than 50 mL.

Presti et al.48 performed sextant biopsies in 
483 men who had abnormal DRE or PSA and 
added four lateral cores at the base and midgland. 
If total prostate volume was over 50 mL, two 
additional midlobar, parasagittal transition zone 
biopsies were performed. The overall cancer 
detection rate was 42%, and the sextant tech-
nique missed 20%.

Babaian and coworkers evaluated an 11-core 
multisite-directed biopsy scheme incorporating 
the anterior transition zone, midline peripheral 
zone, and inferior portions of the anterior horn 
in the peripheral zone in 362 patients and com-
pared it with the sextant biopsy.49–51 The addi-
tional sites were identifi ed based on computer 
simulations. Overall, a 33% increase (36 of 110 
patients) in cancer detection was observed when 
biopsy technique included the alternate areas (P 
= .0021). The anterior horn was the most fre-
quently positive biopsy site, followed by the 
transition zone and midline sites. The 11-core 
technique had signifi cantly better cancer detec-
tion rates when DRE and TRUS were normal 
in men with serum PSA between 4.1 and 
10 ng/mL.

Gore et al.40 studied 396 consecutive patients 
who underwent biopsy of the lateral peripheral 
zone in addition to standard sextant biopsy. The 
cancer detection rate for each biopsy core was 
calculated. The sensitivity of different combina-
tions of biopsy cores was compared with those 
of standard sextant biopsies and with a 12-core 
biopsy protocol that combined the standard 
sextant biopsy with a complete set of laterally 
directed cores. Cancer was detected in 160 of 
396 (40.3%) patients. Of the possible combina-
tions of biopsy cores, a strategy that included 
laterally directed cores at the base, midgland, 
and apex of the prostate with midlobar base and 
apical cores detected 98.5% of cancers. The 
detection rate of this 10-core biopsy regimen 
was signifi cantly better than that of the standard 
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sextant protocol (P = .001) and was equivalent 
to that of the 12-core biopsy. The authors rec-
ommend using a 10-core biopsy regimen that 
combined laterally directed cores at the base, 
midgland, and apex of the prostate with midlo-
bar biopsy cores at the base and apex.

Despite the use of an extended protocol, 
sampling error can still occur in some patients, 
especially those with large prostate glands. 
Prostate volume is well known to be one of the 
factors that may infl uence the prediction of 
cancer at fi rst biopsy, and a signifi cant inverse 
relation exists between the cancer detection 
rate and prostate volume. Therefore, some 
investigators have advocated even more aggres-
sive biopsy schemes with more than 12 cores 
up to a saturation biopsy (i.e., 20 cores) and 
reported even higher cancer detection rates.44,46 
A recent study demonstrated that a scheme 
with 8 cores is appropriate only in patients 
with prostate volumes smaller than 30 mL.52 
On the other hand, with prostate volumes 
larger than 50 mL, an extended procedure 
with more than 12 to 14 cores was necessary 
to detect cancer.

In accordance with these fi ndings, Inahara 
et al.53 have shown that a 14-core protocol is 
superior to an 8-core protocol for patients with 
prostate volumes of 30 to 40 mL. In a study of 
303 patients comparing 6-, 12-, 18- and 21-core 
protocols in the same patient, de la Taille et al.44 
found that a 21-sample needle biopsy scheme 
increases the prostate cancer detection rate. The 
authors have reported a prostate cancer detec-
tion improvement of about 25% and 11% when 
12- versus 6-core and 21- versus 12-core proto-
cols were compared. It is interesting that they 
have demonstrated that the improvement was 
most marked in patients with a prostate volume 
greater than 40 mL.

On the other hand, in a recent meta-analysis, 
Eichler et al.54 studied the effi cacy and adverse 
effects of various biopsy schemes and concluded 
that a 12-core extended biopsy scheme strikes 
a balance between adequate cancer detection 
and an acceptable level of adverse effects. There 
seemed to be no signifi cant benefi t in taking 
more than 12 cores, and methods requiring 18 
cores had a poor side-effect profi le. In agree-
ment with these fi ndings, Jones et al.55 demon-
strated that the saturation technique with over 
20 cores as an initial prostate biopsy strategy 
does not improve cancer detection. They sug-

gested that saturation biopsy should be reserved 
for repeat biopsy in patients who have a negative 
initial biopsy but are still strongly suspected to 
have prostate cancer. Recognizing the fi ndings of 
these and other authors, as well as the various 
computer simulation and mathematical models, 
we recommend the steps listed in Box 2-1.

Repeat Biopsy

For men whose prostate biopsy shows only 
benign tissue but for whom there is continued 
suspicion of prostate cancer on the basis of DRE 
fi ndings, repeat PSA measurements or other 
PSA derivatives (i.e., percentage of free PSA, 
complexed PSA, PSA density, PSA velocity), a 
repeat prostate biopsy should be considered.56 
Clearly, the yield of the repeat biopsy depends 
on the population studied, the particular fea-
tures of a given patient (PSA, DRE, prostate 
volume, and so on), the type of prior biopsy, and 
the type of biopsy performed during the repeat 
biopsy. In the second set of biopsies, a cancer 
detection rate of about 10% to 35% has been 
reported in patients with a negative fi rst set of 
biopsies.57–67

Even patients who have undergone more 
extensive biopsies may still have a signifi cant 
detection rate at repeat biopsy.57,68,69 Moreover, 
a third biopsy has been shown to identify nearly 
10% of cancers.58 Today, there is no proven 
biopsy scheme that omits the need for re-biopsy 
in the case of a persistent indication. However, 
more than 90% of prostate cancers are detected 
by performing two sextant biopsies.70 There-
fore, with the biopsy approaches preferred 
today, it is unlikely that two extended biopsies 
would miss a life-threatening cancer. Indeed, 
two sets of biopsies have been shown to detect 
most clinically signifi cant cancers.58

Biopsy of the transition zone of the prostate, 
though not recommended at initial biopsy, 
should be considered for men undergoing a 

Box 2-1. Recommended Biopsy Strategy 
(Number and Location of Cores)

● Take at least 10 biopsy cores.
● Focus the biopsies laterally and the areas listed 

above.
● Adjust the number of cores taken according to 

prostate volume.
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repeat biopsy for whom a suspicion of a missed 
cancer anteriorly is high.56

For men with high-grade prostatic intraepi-
thelial neoplasia (PIN) found at the time of an 
extended prostate biopsy, the risk of cancer on 
a repeat biopsy is similar to the risk of cancer 
on repeat biopsy if the initial biopsy is nega-
tive.66,71 Thus, a repeat biopsy is not indicated 
for men with high-grade PIN if the original 
biopsy technique was adequate.56 A prostate 
biopsy that reveals atypical glands that are suspi-
cious but not diagnostic of cancer should be 
repeated because the chance of fi nding prostate 
cancer on a repeat biopsy is 40% to 50%.56,72,73

Recent studies have suggested that treatment 
with 5α-reductase inhibitors may unmask 
prostate cancer by preferential suppression of 
benign prostate hyperplasia-derived PSA. Kaplan 
et al.74 have suggested that after 1 year of fi nas-
teride treatment, prostate cancer detection is 
more likely in men with a smaller decrease in 
PSA. This hypothesis is supported by a meticu-
lous analysis of the Prostate Cancer Prevention 
Trial (PCPT), which found that accuracy for 
detecting prostate cancer was greater in the fi n-
asteride group compared with the placebo 
group.75

Saturation Biopsy

The concept of increasing the number of cores 
and/or repeating the biopsy can be taken further 
by using the idea of saturation or mapping 
biopsy, in which 20 or more cores are obtained 

in a systematic fashion. Jones et al.55 have dem-
onstrated that saturation biopsy does not offer 
benefi t as an initial biopsy technique. However, 
saturation biopsy may serve as a follow-up strat-
egy in men with negative initial offi ce biopsy.76,77 
The results of saturation biopsy studies are 
shown in Table 2-1. For example, Stewart 
et al.67 performed TRUS-guided saturation 
biopsy (mean number of cores 23, range 15 to 
45) in 224 men with negative previous biopsies 
(mean 1.8) in an outpatient surgical setting. 
They detected cancer in 77 patients (34%). The 
number of previous negative sextant biopsies 
was not predictive of subsequent cancer detec-
tion by saturation biopsy. At prostatectomy, 
median cancer volume was 1.04 mL, and 85.7% 
of removed tumors were clinically signifi cant, 
assuming a 3-year doubling time. Complications 
and risk of diagnosing clinically insignifi cant 
cancer using saturation biopsy after a prior nega-
tive biopsy are reported to be no higher than 
with routine sextant or extended-core biopsy 
unless general or regional anesthesia is used, 
whereas the detection of clinically signifi cant 
cancer is higher.78

Although initial investigators used regional or 
general anesthesia, periprostatic block has 
allowed several authors to now report this to be 
performed routinely in the offi ce setting. This 
appears to overcome the increased risk of urinary 
retention related to systemic anesthesia. One 
useful application of saturation biopsy is to 
predict the likelihood of fi nding insignifi cant 
cancer at the time of prostatectomy, thus allow-

Table 2-1. Prostate Cancer Detection Rates Using Saturation Scheme in a Re-biopsy Setting

Reference Route
No. of 
Patients

Cancer 
Detection 
Rate (%)

No. of 
Previous 
Cores

Pts with 
Initial 
Biopsy No. of Cores

Clinically 
Insignifi ant 
Cancer

de la Taille et al.44 TR 303 31.3 NR 188 21 NR
Rabets et al.76 TR 116 29 Mixed 0 20–24, mean 22.8 0
Walz et al.171 TR 161 41 8+ 0 24.2 15.6
Jones et al.55 TR 139 44.6 NA 139 24 15.8
Pryor et al.172 TR 35 20 6 0 14–28, median 21 0
Stewart et al.67 TR 224 34 6 0 14–45, mean 23 14.3
Borboroglu et al.64 TR 57 30 6 0 22.5 mean 7
Fleshner et al.173 TR 37 13.5 Mixed 0 32–38 NR
Pinkstaff et al.174 TP 210 37 NR 0 21 mean 0
Bott et al.175 TP 60 38 8 0 24 mean
Satoh et al.176 TP 128 22.7 8-Jun 0 22 NR
Moran et al.177 TP 180 38 12 median 0 41 median NR

NA, not applicable; NR, not reported; TP, transperineal; TR, transrectal.
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ing the selection of men for a watchful waiting 
or surveillance strategy.79 The role and appropri-
ate number of cores for saturation biopsy con-
tinue to be defi ned, but a threshold of 20 cores 
with emphasis on the lateral areas and apex is 
supported by the literature.

Tissue Diagnosis in Patients with No 
Rectal Access

In patients with no rectal access (e.g., anterior-
posterior resection), there are several ways to 
obtain a tissue diagnosis. The most commonly 
used route is a transperineal biopsy. We have 
found that this often results in cores obtaining 
no prostate tissue, but rather fi bromuscular or 
adipose tissue only, and we have resorted to 
performing such biopsy under cystoscopic guid-
ance. The cystoscope with a 0- or 12-degree lens 
is situated at the verumontanum, and an assis-
tant advances the needle through the perineum 
until the needle tip hits the prostate capsule. 
This is clearly noted as a movement of the pros-
tate cystoscopically. The biopsy gun is then 
fi red, and again a motion and sometimes even 
the needle becomes visible. In our hands, this 
has resulted in a relevant tissue diagnosis in 
100% of cases with the majority of all cores 
containing prostate tissue.

Other options include image-guided biopsy 
through the perineum (MRI, CT, or ultrasound; 
see the following section) or transurethral resec-
tion of the prostate, with its inherent limitation 
of obtaining mostly transition zone tissue.

Transrectal versus Transperineal Biopsy

In the United States, transperineal biopsy is 
seldom performed. In contrast, in some European 
and Asian centers, it is the standard technique. 
Theoretically, the direction of the transperineal 
biopsies might be better than with the transrectal 
route because of the longitudinal sampling of 
the peripheral zone. Initially, the transperineal 
route was demonstrated to be less accurate 
than the transrectal route in identifying hypo-
echoic lesions80 and systematic sextant-directed 
detected cancer.81 However, in a simulation 
experiment, Vis et al.82 have shown that the two 
approaches did not differ in prostate cancer 
detection. Moreover, Emiliozzi et al.83 reported 
that sextant transperineal biopsy is superior to 
transrectal biopsy for detecting prostate cancer 

in humans. On the other hand, two studies have 
shown that the overall cancer detection rate did 
not differ between the two approaches when the 
same number of cores was used.84,85

Indeed, 12-core transperineal prostate biopsy 
is superior to 6-core biopsy, and the number of 
cores may have a greater impact on cancer 
detection than does the route of the prostate 
biopsy.83,86 In the last few years, the concept of 
extended biopsies has been applied equally 
to the transperineal approach, with results 
similar to those achieved with the transrectal 
approach.84,85

Doppler Imaging as an Aid for 
Cancer Detection

Standard gray-scale TRUS technology has 
limited specifi city and sensitivity for prostate 
cancer detection because of its inability to detect 
isoechoic neoplasms. To increase its accuracy 
and usefulness, researchers have investigated a 
number of alternatives, including color Doppler 
TRUS, power Doppler imaging with and without 
intravenous contrast administration, and recently 
elastography. Increased microvascularity accom-
panies cancer growth, and neovascularity may be 
detectable by color Doppler TRUS and power 
Doppler TRUS because of abnormal blood fl ow 
patterns in larger feeding vessels.

However, several studies have, shown that 
color Doppler TRUS does not add signifi cant 
information to gray-scale TRUS in detecting 
early stages of prostate cancer.87,88 Overall, the 
sensitivity of color Doppler TRUS for the diag-
nosis of prostate cancer ranges between 49% and 
87%, and specifi city ranges between 38% and 
93%.87,88

Power Doppler TRUS is considered the next 
generation of color Doppler imaging because it 
has the advantage of increased sensitivity for 
detecting small, low-fl ow blood vessels. Halpern 
et al.89 have shown that power Doppler TRUS 
may be useful for targeted biopsies when the 
number of biopsy passes must be limited but 
that there is no substantial advantage of power 
Doppler over color Doppler. Remzi et al.90 have 
recently reported a reduction in the number of 
unnecessary biopsies because a normal power 
Doppler TRUS signal might exclude the pres-
ence of a prostate cancer.

Contrast-enhanced color Doppler is an 
ultrasound-based technology for imaging of the 
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prostate that is used after intravenous adminis-
tration of gas-encapsulated microbubbles. This 
methodology allows for better prostate cancer 
visualization and for targeted biopsies to iso-
echoic areas that generally become hypervascu-
lar after contrast infusion. Halpern et al.91 have 
reported signifi cantly improved sensitivity—
from 38% to 65%—for detecting prostate cancer 
with preserved specifi city at approximately 80%.
Recently, different authors have demonstrated 
that targeted biopsy with contrast-enhanced 
color Doppler detects a number of tumors equal 
to that of systematic biopsies with less than half 
the number of cores.91–94 Unfortunately, the 
poor discrimination of benign from malignant 
tissue, which is due to the contrast-enhanced 
color Doppler ultrasound signal arising from 
areas of benign disease such as benign prostatic 
hyperplasia, has diminished the specifi city of 
this technology. Thus, contrast-enhanced color 
Doppler has not yet gained popularity because of 
its low specifi city, complexity, and high cost.

Some investigators reported the use of sonog-
raphy with manual compression of the prostate 
gland with the transrectal probe to generate 
elastograms.88 The basis for improved detection 
of cancer is that the elasticity of the neoplastic 
tissue is less than the normal prostate. There is 
only limited amount of data available on the 
ability of elastography to detect prostate cancer. 
Investigators have shown that a targeted biopsy 
detects as many cancers as a systematic biopsy 
with less than half the number of biopsy cores.88 
However, more clinical trials are needed to 
determine this technology before widespread 
use.

Overdiagnosis and Insignifi cant Cancer

The critical question clearly is whether or not 
the cancers detected in sequential biopsies or 
saturation biopsies with increasing numbers of 
cores are clinically signifi cant. There is mounting 
evidence that a substantial proportion of men 
with screen-detected prostate cancer would 
otherwise not have known about the disease 
during their lifetime in the absence of screening. 
In these men, cancer treatment is not benefi cial. 
Identifying the patients with newly diagnosed 
prostate cancer who have indolent disease for 
which surveillance or expectant management 
may be an appropriate alternative to immediate 
curative intervention is a timely and important 

issue. There is currently no marker for biologi-
cally indolent cancer. Although life expectancy 
and comorbidity are as important as pathologic 
characteristics of the cancer, most authors defi ne 
indolent disease based on pathologic stage, 
tumor volume, and cancer grade (organ-confi ned 
tumor less than 0.5 mL with no Gleason pattern 
4 or 5) (Table 2-2).

The issue of nonsignifi cant prostate cancer is 
becoming even more important with the advent 
of extended biopsy schemes. Indeed, several 
studies have shown that extended biopsy 
increases the likelihood of detecting smaller 
volume tumors of little clinical relevance. There 
is no doubt that the recent stage migration of 
prostate cancer has been witnessed by regular 
increases in the proportion of patients with 
moderately differentiated low-volume tumor 
and a signifi cant decrease in the volume of the 
cancers removed at surgery.95 Recently, Master 
et al.96 demonstrated that a higher number of 
biopsy cores was associated with smaller tumor 
volumes at radical prostatectomy. Boccon-Gibod 
et al.97 reported that 30% of patients with micro-
focal prostate cancer on extended biopsy have 
the risk of having insignifi cant tumor and of 
being overtreated. Unfortunately, no parameter 
was able to identify on an individual basis the 
patients harboring a prostate cancer potentially 
amenable to surveillance with delayed therapy. 
In contrast to these studies, Siu et al.42 have 
demonstrated that it is possible not only to 
enhance tumor detection using an initial 
extended biopsy scheme but also to ultimately 
lead to the fi nding of clinically signifi cant 
disease. Similarly, several authors reported no 
association between more-extensive biopsy 
schemes and the number of lower-risk tumors 
identifi ed.98,99

Even if extended biopsy is recommended, the 
risk of detecting insignifi cant tumor should not 
be neglected. Saturation biopsies/re-biopsies, 
which are now used as part of active surveillance 
protocols, have recently proved to provide 
helpful information about quantitative and qual-
itative histology to predict the clinical signifi -
cance of prostate cancer.79,100 The concern of 
overdetection must be weighed against the risk 
of missing clinically signifi cant malignancy. 
Cancer detection does not need to immediately 
trigger a treatment since men with low-volume 
and low-grade diseases may also be managed 
expectantly. Avoiding undertreatment of men 
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with larger-volume, higher-grade cancer requires 
treatment in a large proportion (50% or more) 
of those with small-volume, low-grade disease. 
In time, our methods of assessing the biologic 
behavior of prostate cancer based on needle 
biopsy may be augmented or replaced by molec-
ular profi les or panels of biomarkers that predict 
life-threatening prostate cancer.

Role of Nomograms as Decision Tools 
for Prediction of Biopsy Outcome 
(Box 2-2 and Fig. 2-5)

Traditionally, physician judgment has formed 
the basis for risk estimation, patient counseling, 
and decision making. However, humans have 
diffi culty predicting outcomes because of the 
biases that exist at all stages of the prediction 
process.101–104 First, clinicians do not recall all 
cases equally; certain cases can stand out and 

exert an unsuitably large infl uence when pre-
dicting future outcomes. Second, clinicians tend 
to be inconsistent when processing their memory 
and tend to resort to heuristics (rules of thumb) 
when processing becomes diffi cult.105 When it is 
time to make a prediction, they tend to predict 
the preferred outcome rather than the outcome 
with the highest probability.103 Third, it is diffi -
cult to integrate the multitude of predictive 
variables that have been shown to be of 
importance in clinical judgment.106,107 Finally, 
clinicians have diffi culty weighing the relative 
importance of each of these factors when for-
mulating predictions of outcome. Therefore, to 
obtain more accurate predictions, researchers 
have developed decision aids based on statistical 
models.108

Decision aids consist of the Kattan-type 
nomograms,109 risk groupings, artifi cial neural 
networks (ANNs), probability tables, and clas-

Table 2-2. Preoperative Parameters Predicting the Presence of Insignifi cant Prostate Cancer Defi ned as 
Tumor <0.58 mL and No Gleason 4 and 5 on Final Pathology

Reference
Continent of 
Origin

Insignifi cant 
Cancer (%)

Biopsy 
Protocol

Preoperative Variables Predicting 
Insignifi cant Cancer

Epstein et al.35 United States 26 Sextant Gleason sum ≤6
Adenocarcinoma present in <3 of 6 cores
No more than 50% malignancy involvement in 
 each positive biopsy core
PSA density <0.15 ng/mL/g

Goto et al.178 United States 10 Sextant Quantitative analysis of the extent of cancer
PSA, PSA density and grade

Carter et al.179 United States 17 Sextant PSA density
Quantitative histology (number of cores involved 
  with cancer and percentage of cancer within 

the core)
Epstein et al.180 United States 30 Sextant Needle biopsy fi ndings

Free/total PSA levels
Kattan et al.161 United States 20 ≥6 Nomogram incorporating pretreatment variables 

  (clinical stage, Gleason grade, PSA and the 
amount of cancer in a systematic biopsy 
specimen)

Ochiai et al.181 United States 22 10–11 
 cores

Combination of tumor length <2 mm, Gleason 
  score 3 + 4 or less and prostate volume 

>50 mL
Augustin et al.182 Europe 6 Sextant PSA density

% Cancer per biopsy core
Chun et al.183 Europe 6 ≥6 Preoperative nomograms (predictor variables: 

  PSA, clinical stage, biopsy Gleason scores, 
core cancer length and percent of positive 
biopsy cores)

Steyerberg et al.162 Europe 49 Sextant Updated Kattan nomogram162 in screening setting
Miyake H et al.184 Japan 14 8 Gleason score <7

% Positive biopsy core <15%

PSA, prostate-specifi c antigen.
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sifi cation and regression tree (CART) analyses. 
In general, these predictive models have been 
shown to perform as well as or better than clini-
cal judgment when predicting probabilities of 
outcome.107 Even so, physician input is obviously 
essential and crucial for the measurement of 
variables that are used in the prediction process 
and for the entire decision-making process.

Tables 2-3 and 2-4 show the multitude of 
models for prediction of prostate cancer pres-
ence on initial and repeat biopsy, respectively. 
A nomogram developed by Eastham et al.110 for 
prediction of the probability of prostate cancer 
on initial biopsy in men with suspicious DRE 
and serum PSA less than 4.0 ng/mL yielded a 
predictive accuracy of 75%. Despite good accu-
racy, this nomogram suffers from limited gener-
alizability. Unfortunately, the nomogram cannot 
be applied to men with unremarkable DRE fi nd-
ings and does not apply to patients with a PSA 
level greater than 4.0 ng/mL.

Garzotto et al.111 developed a nomogram pre-
dicting prostate cancer on needle biopsy using 

Box 2-2. Case Study: Risk of Prostate Cancer 
Before and After Initial Biopsy

A 60-year-old Caucasian patient with a family history of 
prostate cancer undergoes prostate cancer screening. 
Tests indicate a PSA level of 8.0 ng/mL. An abnormal 
DRE is also detected. Based on the prediction model 
developed in the study by Thompson and associates,227 
the patient’s estimated risk of biopsy-detected prostate 
cancer based on a minimum of 6 cores is 75%.

In particular, if 100 patients exactly like this patient 
were seen, it is expected that 75 of these patients 
would have biopsy-detected prostate cancer based on 
a minimum of 6 cores. Based on the clinical results 
and the predicted risk of prostate cancer, the patient 
undergoes a prostate biopsy.

Results from the prostate biopsy taken from the 
patient in this case study indicate no presence of prostate 
cancer. During routine follow-up, the patient again has an 
abnormal DRE and a PSA level of 8.0 ng/mL.

Given an initial negative biopsy, the prediction 
model developed by Thompson and associates227 now 
indicates that the patient’s estimated risk of biopsy-
detected prostate cancer based on a minimum of 6 
cores has decreased from 75% to 67%.

From Thompson IM, Ankerst DP, Chi C, et al.: Assessing prostate 
cancer risk: results from the Prostate Cancer Prevention Trial. J Natl 
Cancer Inst 98: 529, 2006. Reprinted with permission.

Points

Age

DRE

PSA

% fPSA

Sampling density

Total points

0 10 20 30 40 50 60 70 80 90 100

0 60 100 120 140 160 180 200 220 240

32 30 28 26 24 22 20 18 16 14 12 10 8 6 4 2 0

100 90 80 70 60 50 40 30 20 10 0

350

0

1

35 40 45 50 55 60 65 70 75 80 85 90 95

Prob. of PCa@Bx (10 or more core)

20 40 80 260 280 300 320

0.01 0.04 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95 0.98 0.99

50454015 3025205 10

Figure 2-5. Nomogram predicting pCA on extended (10+-core) initial biopsy of the prostate. Instructions for 
physicians: To obtain nomogram predicted probability of prostate cancer on initial extended 10-core biopsy, locate patient 
values at each axis. Draw a vertical line to the “Points” axis to determine how many points are attributed for each variable 
value. Sum the points for all variables. Locate the sum on the “Total points” line to be able to assess the individual 
probability of prostate cancer on extended 10-core biopsy on the “Prob. of PCa@Bx” line. DRE, digital rectal examination 
(1 = suspicious, 0 = normal); %fPSA, % free prostate-specifi c antigen; PSA, prostate-specifi c antigen; Sampling Density: 
ratio between prostate volume and number of planned biopsy cores. (Reprinted with permission from Chun FK, Briganti 
A, Graefen M, et al: Development and external validation of an extended 10-core biopsy nomogram. Eur Urol 52:436, 
2007.)
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routinely available clinical and transrectal ultra-
sound variables. Their model yielded a predic-
tive accuracy of 73%. This model has two 
limitations: (1) use of ultrasound-based input is 
highly impractical because men who undergo 
TRUS are also likely to undergo ultrasound-
guided needle biopsy, and (2) the predictions of 
this nomogram are applicable only after TRUS, 
since TRUS variables are necessary for risk 
estimation. Predictions based on input that 
does not require ultrasound fi ndings are more 
practical and may be interpreted before planned 
ultrasound-guided biopsy.

Karakiewicz et al.112 developed two nomo-
grams for prediction of the probability of having 
prostate cancer. The fi rst nomogram was based 
on patient age, DRE, and serum PSA. Percent 
of free PSA was added as a predictor in the 
second nomogram. External validation of the 
nomograms with and without % free PSA yielded 
predictive accuracies of 77% and 69%, respec-
tively. Unfortunately, these predictive models 
were based on sextant biopsy regimens limiting 
their transportability to current biopsy strate-
gies. Therefore, Chun et al.113 updated these 
nomograms in 2900 men who underwent 
extended prostate biopsy. Moreover, they com-
plemented the variables with sampling density 
(i.e., ratio of gland volume and the number of 
planned biopsy cores). Internal validation of the 
new nomogram demonstrated 77% accuracy, 
and validation in external cohorts demonstrated 
73% to 76% accuracy.

Accurate prediction of repeat biopsy would 
be helpful to spare men who don’t have prostate 
cancer a negative repeat biopsy and to identify 
patients who need a re-biopsy to detect prostate 
cancer. O’Dowd et al.66 used age, previous his-
tologic fi ndings, % free PSA, and total PSA to 
predict repeat biopsy results in 813 men. Their 
multivariate logistic regression model yielded 
70% accuracy, but it was neither internally nor 
externally validated.

Lopez-Corona et al.114 developed a nomo-
gram that predicts the probability of a positive 
repeat biopsy following one or more negative 
biopsies. The input variables of the nomogram 
were patient age, DRE, cumulative number of 
negative cores previously taken, histories of 
high-grade PIN and/or atypical small acinar pro-
liferations, PSA, PSA slope, and family history 
of prostate cancer. The nomogram yielded a pre-
dictive accuracy of 71%. However, the com-

plexity of the nomogram makes it impractical in 
the clinical setting.

Finally, Chun et al.113 developed and vali-
dated a nomogram for prediction of repeat 
biopsy outcome based on systematic 10 or more 
cores. The model comprised patient age, DRE, 
PSA, % free PSA, number of previous negative 
biopsy sessions, and sampling density (i.e., ratio 
between prostate volume assessed at initial 
biopsy and the planned number of cores at 
repeat biopsy). Using three cohorts of men, they 
reported predictive accuracies of 68% to 78% 
after external validation.

Interpretation of Biopsy Material

The most important task for the pathologist is 
to make the dichotomous determination whether 
or not the biopsy material obtained contains any 
prostate cancer. Once this is established, some 
relevant qualitative and quantitative assessments 
are of great use to the clinicians ultimately coun-
seling patients regarding treatment options. 
Table 2-5 shows the variables that help clinical 
decision making. (See also Chapter 3, The 
Pathology of Prostate Cancer.)

Tumor Grade

Most pathologists use the classifi cation system 
originally described in 1966 by Donald 

Table 2-5. Prostate Biopsy Parameters That 
Should Be Reported for Optimal Decision Making

 1. Number and total length of the cores (exclude 
those <1 cm and those without epithelial 
component)

 2. Number of cores with cancer (percentage of cores 
involved)

 3. Longest single length of tumor and location
 4. Total tumor length in all cores
 5. Mean tumor length in all cores (reported as a 

percentage): total tumor length divided by total 
length of cores multiplied by 100 (i.e., overall 
percentage of cancer in all biopsies)

 6. Number of cores with perineural invasion (extent: 
focal, multifocal) and caliber of nerve bundles

 7. Number of cores with vascular invasion
 8. Gleason score for each core
 9. Number and location of cores with atypical 

glands, suspicious for cancer
10. High-grade prostatic intraepithelial neoplasia 

(extent: focal or multifocal; number of cores 
involved; laterality: unilateral or bilateral)

11. Each core reported individually
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Gleason.115 In this system, there are fi ve grades 
(1–5) in increasing order of aggressiveness. 
Because prostate cancer is usually heteroge-
neous, the most common and second most 
common grades are combined for the so-called 
Gleason score, which theoretically can run from 
2 to 10. Practically, however, a grade of 2 or less 
is rarely ever assigned, and thus, the score runs 
from 6 to 10.

There is agreement that a pattern of 4 carries 
a signifi cantly worse prognosis than a pattern of 
3; thus, it is important to correctly identify the 
most and second most common pattern if grades 
3 and 4 are most common (i.e., 3 + 4 = 7 versus 
4 + 3 = 7, which has a worse prognosis).116–119

Because the prognosis is predicated on the 
worst pattern or grade, it has recently been 
advocated to also report a higher tertiary pattern, 
since a systematic review established the asso-
ciation of a tertiary grade with poorer outcome 
than that associated with no tertiary grade.120

Number of Cores and Percent of Cores 
Involved with Cancer

Many investigators have used multivariate analy-
ses to determine the importance of factors other 
than the Gleason grade/score in the prognosis of 
men with prostate cancer. The literature is 
replete with examples of such analyses in 
which a variety of factors are found to be sig-
nifi cantly related to outcomes such as biochemi-
cal recurrence-free survival and overall or 
cancer-specifi c survival.121–123 These factors are 
listed in Box 2-3.

Other Histologic Findings

Multivariate analyses have also demonstrated 
the prognostic signifi cance of fi ndings such as 
perineural invasion,124 lymphovascular inva-

sion125 in terms of biochemical recurrence-free 
survival and overall or cancer-specifi c survival. 
Topics such as high-grade PIN,126 atypical small 
acinar proliferation (ASAP)127,128 and infl amma-
tion are discussed in Chapter 3.

Staging of Prostate Cancer

Importance and Goals

Clinical staging of prostate cancer aims to use 
pretreatment parameters to predict the true 
extent of disease. The goals of cancer staging are 
to allow the assessment of prognosis and facili-
tate educated decision making regarding avail-
able treatment options. An accurate assessment 
of disease extent is critical for men with newly 
diagnosed prostate cancer because pathologic 
stage is the most reliable means of predicting the 
outcome of defi nitive treatment in men with 
clinically localized cancer. Available pretreat-
ment modalities that can help predict true 
disease extent in men with prostate cancer 
include DRE, serum PSA, tumor grade, radio-
logic imaging, and pelvic lymphadenectomy. 
The local extent of disease can be predicted 
by a combination of DRE, serum PSA, and 
tumor grade. Although in unique circumstances, 
imaging modalities may assist in the detection 
of extraprostatic spread of cancer, in most cases 
these tests are not yet reliable. Pelvic lymphad-
enectomy remains the gold standard for the 
detection of lymph node spread in men at high 
risk for harboring occult lymph node metastases. 
Ultimately, clinical staging may provide the 
patient and the urologist with valuable informa-
tion regarding whether newly diagnosed pros-
tate cancer is localized, locally advanced, or 
metastatic. This information helps guide man-
agement decisions.

Clinical Staging Classifi cation Systems

Two main classifi cation systems for clinical 
staging exist today: the Whitmore-Jewett and 
the tumor, node, metastases (TNM) classifi ca-
tion systems. Whitmore introduced the fi rst 
clinical staging classifi cation system for prostate 
cancer in 1956, and Jewett modifi ed it in 
1975.129,130 The TNM system was fi rst adopted 
in 1975 by the American Joint Committee for 
Cancer Staging and End Results Reporting 
(AJCC) (Fig. 2-6).

Box 2-3. Biospy Factors Associated with 
Prostate Cancer Outcomes

● Number of biopsy cores involved with cancer
● Percent of biopsy cores involved with cancer (number 

of involved cores/total cores as percentage)
● Total length of biopsy cores involved with cancer (sum 

of the mm of cancer in each individual core)
● Percent of biopsy core involved with cancer (mm 

involved with cancer/total length of core in mm as 
percentage)
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Historically, tumor (T) classifi cation, lymph 
node (N) status, and the presence of metastases 
(M) have been the cornerstones of staging for 
solid tumors. Unfortunately, the exclusive use 
of the current TNM staging system has limited 
relevance for predicting outcome and directing 
therapy for men with clinically localized pros-
tate cancer. In part, this limitation is because 
nearly 75% of men who currently are diagnosed 
with clinically localized prostate cancer have 
nonpalpable disease, and the incidence of lymph 
node involvement is less than 4% in men who 
undergo radical prostatectomy.

T Stage

Prostate cancer found incidentally during 
removal of prostate tissue for presumed benign 
disease is given a clinical T stage of cT1a or T1b, 
depending on the amount of cancer found (less 
than 5% or more than 5%) and the prevailing 
grade (Table 2-6). By far the most common 
clinical stage is cT1c, indicating that the diagno-

sis was made by a needle biopsy triggered by a 
suspiciously elevated serum PSA. The clinical 
stages cT2a-c are reserved for the rarer event of 
a palpable nodule involving more or less than 
50% of both lobes of the prostate. This leads to 
an unusual and prognostically very heteroge-
neous grouping of patients into the stage cate-
gory cT1c, who may have only a small portion 
of one core positive for cancer or who may have 
cancer in all cores obtained. A clinical stage cT3 
is rarely assigned based on DRE and/or imaging 
studies. The pathologic T stage does not have a 
category pT1, but rather only pT2 and T3. As 
previously discussed, the number and percent of 
cores involved are very important prognostic 
parameters that are ignored in the current T 
stage entirely. Similarly, the other important 
prognostic factors—serum PSA and Gleason 
score—are also ignored, although virtually every 
major recent series that has reported prostate 
cancer outcomes used a risk-classifi cation 
scheme based on PSA and Gleason score in 
addition to clinical T classifi cation.131

Stage II Stage III Stage IV

Stage I

Cancer may
spread to other
organs

Cancer

Penis
Testis

Urethra

Rectum

Prostate gland

Seminal vesicle

Bladder

Vas deferens

Lymph node

Ureter

Figure 2-6. Prostate cancer staging. (From the National Cancer Institute.)
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Table 2-6. TNM and AUA Staging Systems

TNM Staging System

Primary Tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Clinically inapparent tumor neither palpable nor visible by imaging

T1a Tumor incidental histologic fi nding in ≤5% of tissue resected
T1b Tumor incidental histologic fi nding in >5% of tissue resected
T1c Tumor identifi ed by needle biopsy (e.g., because of elevated PSA)

T2 Tumor confi ned within prostate*
T2a Tumor involves one half of a lobe or less
T2b Tumor involves more than one half of lobe, but not both lobes
T2c Tumor involves both lobes†

T3 Tumor extends through the prostate capsule
T3a Unilateral extracapsular extension
T3b Bilateral extracapsular extension
T3c Tumor invades seminal vesicle(s)

T4 Tumor is fi xed or invades adjacent structures other than seminal vesicles
T4a Tumor invades bladder neck, external sphincter, or rectum
T4b Tumor invades levator muscles or is fi xed to pelvic wall, or both

Node (N)
NX Regional lymph nodes cannot be assessed
N0 No regional node metastasis
N1 Metastasis in single lymph node, ≤ 2 cm
N2 Metastasis in a single node, >2 cm but ≤5 cm
N3 Metastasis in a node >5 cm
Metastasis (M)
MX Presence of metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

M1a Nonregional lymph node(s)
M1b Metastasis in bone(s)
M1c Metastasis in other site(s)

AUA Staging System

Stage A Clinically unsuspected disease
A1 Focal carcinoma, well differentiated
A2 Diffuse carcinoma, usually poorly differentiated

Stage B Tumor confi ned to prostate gland
B1 Small, discrete nodule of one lobe of gland
B2 Large or multiple nodules or areas of involvement

Stage C Tumor localized to periprostatic area
C1 Tumor outside prostate capsule, estimated weight ≤ 70 g, seminal vesicles uninvolved
C2 Tumor outside prostate capsule, estimated weight > 70 g, seminal vesicles involved

Stage D Metastatic prostate cancer
D1 Pelvic lymph node metastases or ureteral obstruction causing hydronephrosis, or both
D2 Bone, soft tissue, organ, or distant lymph node metastases

*Invasion into the prostatic apex or into (but not beyond) the prostatic capsule is not classifi ed as T3, but as T2.
†Tumor found in one or both lobes by needle biopsy but not palpable or visible by imaging is classifi ed T1c.
AUA, American Urological Association; PSA, prostate-specifi c antigen; TNM, tumor-node-metastasis.

N Stage

The clinical and pathologic N stages are identical 
and differentiate between no assessment made 
(Nx), no lymph node involvement (N0), and 
involvement of regional lymph nodes (N1). 
Although they appear reasonably straightfor-

ward, there are problems with both the clinical 
and the pathologic N stage.

Clinical assessment of regional and thus pelvic 
lymph nodes relies almost entirely on imaging. 
It is well known that imaging of pelvic lymph 
nodes by either computed scanning (CT) or 
magnetic resonance imaging (MRI) has notori-
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ously poor sensitivity and specifi city. This is 
because the criterion for detection of positive 
nodal disease at CT is based on node size (larger 
than 1-cm diameter), and nodal enlargement 
due to metastases occurs relatively late in the 
progression of prostate cancer. Since nodal 
metastases are often microscopic, neither CT 
nor standard MRI can be used to reliably rule 
them out. Reported CT sensitivity for the detec-
tion of lymph node metastases varies, but it is 
typically in the range of 36%.132,133

In the evaluation of lymph node metastases, 
unenhanced MRI has no advantage over CT. 
However, promising results have been reported 
with ultrasmall superparamagnetic iron oxide 
particles as an aid for diagnosing lymph node 
metastasis at MRI. The nanoparticles are taken 
up by circulating macrophages, which then 
traffi c to the normal nodal tissue. The inability 
of malignant nodes to take up the agent provides 
tissue contrast within the lymph node and allows 
detection of metastases, even in nodes that do 
not meet the standard size criteria for metasta-
sis.134,135 Current guidelines suggest the use of 
CT and/or MRI, depending on the clinical pre-
sentation and the level of presumed risk for 
lymph node involvement.132

Imaging

The selection of an imaging modality for pros-
tate cancer should be based on the questions 
that need to be answered for a particular patient 
(Box 2-4). The menu of available imaging options 
is continuously evolving in response to changes 
in clinical care, scientifi c discoveries, and tech-
nologic innovations. TRUS, MRI, CT, radio-
nuclide bone scanning, and positron emission 
tomography (PET) each have advantages, disad-
vantages, and specifi c indications. Table 2-7 
summarizes the recommendations for imaging 
test utilization published in reports supported 
by the American Urological Association, the 
American Joint Committee on Cancer, and the 
American College of Radiology.

TRUS is an insensitive method for detecting 
local extension of tumor. Intravenous urogra-
phy is rarely obtained to stage prostate 
cancer, but it can evaluate the upper urinary 
tract in cases of hematuria or suspected 
obstruction. A chest radiograph is generally a 
low-yield examination in the staging of prostate 
cancer because lung metastases are exceedingly 

rare in the absence of widespread metastatic 
disease.

Radionuclide bone scanning (bone scintigra-
phy) is the most sensitive modality for the 
detection of skeletal metastases (Fig. 2-7). This 
is in contrast to bone survey fi lms (skeletal radi-
ography), which require more than 50% of the 
bone density to be replaced with tumor before 

Box 2-4. Essentials of Prostate Cancer Imaging

● The use of imaging tests should be guided according 
to the patient’s risk category, which is determined by 
the patient’s age, PSA level, Gleason score, and 
number of positive biopsy cores.

● Transrectal US is primarily used to guide prostate 
biopsies, but new developments in microbubble 
contrast agents offer the possibility of improving 
prostate cancer detection by detecting tumor 
angiogenesis.

● MR imaging, with high-resolution T2-weighted scans, 
MR spectroscopy, and dynamic contrast 
enhancement, is increasingly seen as a method that 
can improve prostate cancer detection, 
characterization, staging, and treatment follow-up.

● Although early reports with 18F fl uorodeoxyglucose 
PET in prostate cancer were disappointing, newer 
reconstruction techniques and new PET agents, 
including 11C methionine, 11C acetate, 11C choline, and 
18F fl uorodihydrotestosterone, hold great promise for 
the metabolic evaluation of prostate cancer and the 
improvement of our understanding of tumor biology.

From Hricak H, et al.: Imaging prostate cancer: a multidisciplinary 
perspective. Radiology 243: 28–83, 2007. Reprinted with permission.

Table 2-7. Use of Imaging in Staging 
Prostate Cancer

Source Recommendation

American College 
of Radiology224

Bone scanning, CT, or MR 
imaging; PSA level > 10.0 ng/
mL; Gleason score > 6

American Urological 
Association225

Bone scanning, PSA level > 
20 ng/mL unless prostate 
cancer is poorly differentiated 
or high grade (stage T3 or 
higher). CT or MR imaging, 
PSA level > 25.0 ng/mL. Utility 
of endorectal MR and MR 
spectroscopic imaging not 
determined.

American Joint 
Committee on 
Cancer, 2002226

Bone scanning or cross-sectional 
imaging, PSA level > 20.0 ng/
mL, Gleason score > 7–8

From Hricak H, et al.: Imaging prostate cancer: a multidisciplinary 
perspective. Radiology 243: 28–83, 2007. Reprinted with permission.
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they can identify distant spread. Today, skeletal 
radiography is obtained only to confi rm a posi-
tive bone scan in men at low risk for bone metas-
tases. Radionuclide bone scan can also screen for 
upper urinary tract obstruction and thus can 
obviate the need for further evaluation of the 
urinary tract in men with prostate cancer.136 
Because bone metastases at diagnosis are rare in 
men without bone pain in the PSA screening 
era, the routine use of bone scans in this popula-
tion may not be useful and can create needless 
stress by detecting benign conditions that require 
further tests to rule out occult malignant 
disease.

In addition, a strategy of using bone scintig-
raphy in the staging evaluation of all PSA-
screened men may not be cost-effective.137 
Radionuclide bone scans detect metastatic pros-
tate cancer in less than 1% of men with a serum 
PSA value of 20 ng/mL or less and are not 
recommended for the initial evaluation of men 
with low- or intermediate-risk prostate cancer.138 
Bone scans are not routinely obtained for patients 
with PSA levels less than 10 ng/mL and no bone 
pain. When a bone scan is performed, however, 
it provides a baseline evaluation for comparison 
in men who later may complain of bone pain.

Although CT scanning is used routinely 
by radiation oncologists for prostate cancer 
treatment planning, no imaging technique 
available today has proved to add additional 
useful information when used to evaluate the 
extent of prostate cancer in men with low- and 
intermediate-risk disease.139 CT and MRI to 
evaluate the local extent of disease and the pos-
sibility of nodal involvement are not routinely 
recommended because of the low sensitivity of 
these modalities. Such tests may be appropri-
ately reserved for high-risk patients, such 
as those with locally advanced disease by DRE, 

those with a PSA greater than 20 ng/mL, or 
those with poorly differentiated cancer on 
needle biopsy. Furthermore, the cost-effective-
ness of these tests in populations with probabili-
ties of lymph node involvement less than 30% 
has been questioned.133,140 Given the rarity of 
lymph node involvement in screened popula-
tions, it appears that these imaging modalities 
are being overused in the staging of prostate 
cancer. Thus, cross-sectional imaging of the 
pelvis, by CT scan or MRI, for the purpose of 
detecting lymph node metastases, and radionu-
clide bone scans for the detection of bony 
metastases, should be reserved for men with 
high-risk prostate cancer.

[111In]Capromab penditide, a radioimmuno-
conjugate featuring a monoclonal antibody to 
an intracellular domain of prostate-specifi c 
membrane antigen (PSMA; ProstaScint, 
Cytogen Corporation) has been approved by 
the U.S. FDA for use in the evaluation of men 
for treatment of clinically localized prostate 
cancer. Some evidence indicates that when 
[111In]capromab pendetide immunoscintigraphy 
is used in combination with other pretreatment 
prostate cancer staging tools, the predictive 
value for the presence of lymph node metastases 
increases.141 However, this scan is not being 
used routinely today for assessment of prostate 
cancer extent, in large part because of frequent 
diffi culties in scan interpretation and because of 
the lack of scan sensitivity, even among men 
with fairly high-risk prostate cancer.142,143

Positron emission tomography has not yet 
been found to be useful in the evaluation of men 
with prostate cancer.144 New imaging technolo-
gies, including three-dimensional color Doppler, 
contrast-enhanced color Doppler, magnetic res-
onance spectroscopy, and high-resolution MRI 
with magnetic nanoparticles have great potential 
for improving the assessment of local and distant 
prostate cancer extent.135,139

Prediction of Tumor Extent

Combined Use of Pretreatment Parameters 
in Staging Nomograms

Several multivariate statistical models have been 
proposed to estimate pathologic stage at radical 
prostatectomy with the intent of facilitating 
intraoperative decision making (Tables 2-8 and 
2-9). Of these methods, the Partin tables, rep-

Figure 2-7. Positive bone scan. Thorax (left); lumbar 
spine (center); pelvis (right). (From Kirby RS, Christmas TJ, 
Brawer MK: Prostate Cancer, 2nd ed. London: Mosby, 
2001, Figure 8.20. Reprinted with permission.)
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Table 2-8. Prediction of Pathologic Stage in Men Treated with Radical Prostatectomy for 
Clinically Localized Prostate Cancer

Reference
Prediction 
Form Outcome

No. of 
Patients Variables Accuracy (%) Validation

Narayan et al.203 Probability 
graph

Pathologic 
stage

813 Biopsy based stage, 
biopsy Gleason 
sum, PSA

Not available Not performed

Partin et al.204 Probability 
table

Pathologic 
stage

703 Biopsy Gleason sum, 
clinical stage, PSA

Not available External205

Partin et al.145 Probability 
table

Pathologic 
stage

4133 Biopsy Gleason sum, 
clinical stage, PSA

72 Internal and 
external148,149,206

Makarov et al.148 Probability 
table

Pathologic 
stage

5730 Biopsy Gleason sum, 
clinical stage, PSA 

Not available Not performed

resent the most widely used tool. This look-up 
table categorizes clinical stage, pretreatment 
PSA, and prostate biopsy Gleason grade to 
predict pathologic stage at radical prostatec-
tomy145 (see Table 2-8). After its introduction 
in 1997, the validity of the Partin tables 
was confi rmed,146,147 and the tables have 
been continuously updated to remain 
contemporaneous.148,149

Ohori et al.150 developed three nomograms to 
predict the presence of extracapsular extension 
specifi c to either side of the prostate (see Table 
2-9). The most basic model relies on preopera-
tive PSA, side-specifi c clinical stage, and side-
specifi c biopsy Gleason grade. The intermediate 
model uses these variables plus the side-specifi c 
percent of positive cores. The enhanced model 
uses the ingredients from the intermediate 
model plus the side-specifi c percent of cancer. 
The predictive accuracies of these three models 
were 79%, 80%, and 81%, respectively. These 
models predict the side-specifi c probability of 
extracapsular extension, which is more helpful 
in surgical planning than knowledge of the overall 
probability of extracapsular extension. Another 
advantage of these models compared with the 
Partin tables145,148,149 is that they predict the 
probability of extracapsular extension without 
regard to whether the seminal vesicles or lymph 
nodes are involved. Partin tables predict the 
probability of extracapsular extension assuming 
negative seminal vesicles and lymph nodes. 
Steuber et al.151 validated these nomograms 
(predictive accuracy 83.1% for the base nomo-
gram and 84.0% for the full nomogram) and 
demonstrated that these models were more 
accurate than the CART analysis.152

Using the same cohort as Ohori et al.,150 Koh 
et al.153 derived a nomogram to predict the prob-
ability of seminal vesicle invasion. The predic-
tors in this nomogram are preoperative PSA, 
clinical stage, primary and secondary biopsy 
Gleason grade, and percent of cancer at the base 
of the prostate. The c-index of this nomogram 
is 0.88. Similar to the extracapsular extension 
nomogram, the seminal vesicle invasion nomo-
gram differs from the Partin tables in that it 
does not make any assumptions about the status 
of the lymph nodes.

Recently, Gallina et al.154 developed a new 
nomogram for prediction of seminal vesicle 
invasion in a contemporary series of European 
patients. They then compared head-to-head the 
performance of their model to that of the nomo-
gram of Koh et al.153 and the Partin tables.145,148,149 
The nomogram of Gallina et al.154 was more 
accurate and better calibrated than that of Koh 
et al.153 and the Partin tables.

Cagiannos et al.155 pooled the data from 5510 
patients from six institutions to construct a 
nomogram for predicting lymph node status. 
The predictors are preoperative PSA, biopsy 
Gleason sum, and clinical stage. This nomogram 
had a predictive accuracy of 76%, which was 
higher than that of the Partin tables (0.74) when 
applied to the same population. This nomogram 
might help with the surgical decision of whether 
to avoid performing lymph node dissections, 
which are associated with cost and possible mor-
bidity. Although this nomogram is a useful tool, 
it was developed in a population of men who 
underwent a limited or standard lymphade-
nectomy. Lymph node invasion prevalence is, 
however, directly related to the extent of pelvic 
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lymph node dissection.156,157 Thus, extended 
lymph node dissection might be necessary to 
detect clinically occult lymph node metastases 
that would not otherwise be detected by a more 
limited lymph node dissection. It is more impor-
tant that prostate cancer nodal metastases do 
not follow a predefi ned pathway of metastatic 
spread.

Therefore, Briganti et al.158 developed a 
nomogram predicting the probability of lymph 
node invasion among patients undergoing radical 
prostatectomy and an extended pelvic lymphad-
enectomy (Fig. 2-8). In addition, the authors 
considered landing zones of positive lymph 
nodes and, based on the assumption to be able 
to spare extended lymph node dissection in low-
risk patients, developed a second highly accurate 
nomogram to predict presence of extraobturator 
lymph node involvement.159

PSA screening leads to the early detection of 
cancers, of which some are so small, low-grade 
and noninvasive that they may be assumed to 
pose little risk to the patient (indolent cancer).160 
Kattan et al.161 developed nomograms that 

predict the probability of harboring indolent 
prostate cancer (pathologically organ confi ned 
cancer, 0.5 mL or less in volume and without 
poorly differentiated elements). The authors 
developed three models: the fi rst model included 
preoperative PSA and primary and secondary 
biopsy Gleason grade; the second added ultra-
sound volume and percent of positive cores as 
predictors to the predictors of the fi rst model; 
and the third model further added millimeters 
of cancerous and noncancerous tissue found in 
biopsy cores. The predictive accuracies for these 
three models were 64%, 74%, and 79%, respec-
tively. The models might help in deciding when 
aggressive therapy can be delayed or avoided. 
Steyerberg et al.162 evaluated transportability of 
these nomograms to the screening setting, where 
overdiagnosis and overtreatment are of key 
concern.163 They found that the percentage of 
patients with indolent cancer was higher in the 
setting of a screening trial162 than in the non-
screened setting in which the models were 
created (49% versus 20%). They concluded that 
models predicting indolent prostate cancer in 

Points
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Total nodes
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Figure 2-8. Nomogram predicting the probability of lymph node invasion (LNI) in patients undergoing pelvic 
lymph node dissection of various extents, based on pretreatment PSA level, clinical stage, biopsy Gleason sum, 
and number of lymph nodes removed. Instructions: Locate the patient’s pretreatment PSA level on the PSA axis. 
Draw a line straight upward to the point axis to determine how many points toward the probability of positive lymph 
nodes the patient receives for his PSA value. Repeat the process for each additional variable. Total the points for each of 
the predictors. Locate the fi nal sum on the total point axis. Draw a line straight down to fi nd the patient’s probability of 
having LNI. CSTG, clinical stage; Gleason sum, biopsy Gleason sum; total nodes, total number of nodes removed and 
examined; Prob. of pN+, probability of LNI. (Reprinted with permission from Briganti A, Chun FK-H, Salonia A, et al: 
Validation of a nomogram predicting the probability of lymph node invasion based on the extent of pelvic 
lymphadenectomy in patients with clinically localized prostate cancer. BJU Int 98[4]:788–793, 2006.)
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the clinical setting provide probabilities that are 
too low for cancers identifi ed in a screening 
setting. Therefore, they developed an updated 
model that predicts the probability of indolent 
disease in patients with screen-detected pros-
tate cancer.

Beyond pathologic features, nomograms pre-
dicting Gleason upgrading between biopsy and 
radical prostatectomy164 and of tumor location165 
have been developed. For example, Chun 
et al.164 developed and internally validated a 
nomogram for predicting the probability of 
biopsy Gleason sum upgrading in a cohort of 
2982 patients treated with radical prostatec-
tomy. Using preoperative PSA, clinical stage, 
and primary and secondary biopsy Gleason 
grade, their model achieved an accuracy of 
80.4%, and its predictions closely approximated 
the observed rate of Gleason sum upgrading 
between biopsy and fi nal pathology.

Tumor Upgrading Between Biopsy 
and Prostatectomy

Various studies have demonstrated that the 
ability to predict the fi nal Gleason score by 
means of standard sextant biopsy is poor with 
a concordance rate between the biopsy and 
prostatectomy Gleason scores of only 28% to 
48% (Table 2-10). On average, the Gleason 

score is undergraded in 43% of cases. Extended 
prostate biopsy schemes have proved to be 
benefi cial in the pretreatment decision-making 
process because an increased number of biop-
sies increase the Gleason concordance. San 
Francisco et al.166 have reported an improve-
ment in the concordance rate from 63% to 72%. 
Mian et al.167 reported that the rate of upgrad-
ing to a worsening risk category was signifi cantly 
reduced with extended prostate biopsy. Numao 
et al.168 recently reported that a 26-core system-
atic biopsy can more accurately predict the 
presence of Gleason pattern 4/5 on surgical 
specimen compared with transrectal 12-core 
prostate biopsy. King et al.169 distinguished 
between any upgrading and signifi cant upgrad-
ing (Gleason sum increases either from 6 to 7 
or from 7 to 8).

These and other authors168,169 have demon-
strated that the risk of signifi cant upgrading 
decreases with increasing biopsy cores taken 
because of higher sampling density and more 
accurate pathologic biopsy evaluation. The two 
largest published cohorts122,123 showed a rate of 
overall Gleason sum upgrading of 29.3% and 
32.6%, and a rate of signifi cant upgrading of 32% 
and 28.2%, respectively. Because signifi cant 
Gleason sum upgrading between biopsy and 
fi nal pathology may have an impact on treat-
ment decision making, predictive nomograms 

Table 2-10. Degree of Gleason Grade Discordance (i.e., Biopsy Upgrading and Downgrading) 
Between Biopsy and Radical Prostatectomy

Reference Year
No. of Cores 
Taken

Grade 
Discordance (%) Upgrading (%) Downgrading (%)

San Francisco IF et al.166 2003 ≤9
≥10

37
24

12
10

25
4

King CR et al.220 2004 6
10

38
37

25
12

12
25

Emiliozzi P et al.221 2004 6
12

51
30

11
6

39
24

Coogan CL et al.222 2005 6
8

10

59
60
43

20
23
11

39 
37
32

Mian BM et al.167 2006 6
12

52
32

41
17

NR
NR

Numao N et al.168 2006 TP14
TR12
3D26

15
17
8

NR
NR

2

51
48
26

Elabbady A et al.223 2006 6
12

50
25

NR
NR

NR
NR

NR, not reported; TP, transperineal; TR, transrectal; 3D, three-dimensional.
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have been developed as prognostic models 
capable of predicting the probability of signifi -
cant upgrading.164,170
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K E Y  P O I N T S
● Accurate pathologic evaluation of prostate biopsy 

and radical prostatectomy specimens is critical for 
patient management.

● A wealth of clinically important information may be 
gleaned from even the smallest tissue specimens of 
the prostate, such as from needle biopsies.

● Both pathologists and urologists should be aware of 
morphologic diversity and histologic variants of pros-
tate cancer, treatment effect, and their prognostic 
implications.

● This chapter also provides a comprehensive review 
of prostate cancer pathology, high-grade prostatic 
intraepithelial neoplasia (HGPIN), and “atypical 
small acinar proliferation [ASAP] suspicious for but 
not diagnostic of malignancy.”

pathologic factors and determining whether 
such factors may be used for staging or for pre-
dicting patient outcome.7 Clinically important 
information may be gleaned from even the 
smallest tissue specimens of the prostate, as 
from needle biopsies. This includes information 
regarding the histologic type of prostate cancer, 
the Gleason score, the extent of involvement by 
tumor, the location and distribution of tumor, 
and the presence or absence of local invasion 
(extraprostatic extension and seminal vesicle 
involvement), perineural invasion, and lympho-
vascular invasion.3,8–14 Molecular analyses of 
prostate cancer may eventually generate knowl-
edge which improves prognostication.3,15–26

Diagnostic Criteria for Prostate Cancer

Most clinically palpable prostate cancers that 
are diagnosed on needle biopsy are located pre-
dominantly in the posterior and posterolateral 
prostate.27,28 Less commonly, large transition 
zone tumors may extend into the peripheral 
zone and become palpable. Cancers detected 
on transurethral resection of the prostate 
(TURP) are predominantly located within the 
transition zone. Nonpalpable cancers detected 
on needle biopsy are most often located periph-
erally, although 15% to 25% have tumor pre-
dominantly within the transition zone.29 Large 
tumors may extend into the central zone, 
although cancers do not commonly arise in this 
region. Multifocal adenocarcinoma of the pros-
tate is present in more than 85% of radical 
prostatectomy specimens from prostate cancer 
patients.25,30–33 In countries with widespread 
PSA testing, grossly evident prostate cancer has 
become relatively uncommon. Grossly evident 

Introduction

The incidence of prostate cancer has tripled 
during the past decade mainly because of 
increased detection secondary to the widespread 
use of serum prostate-specifi c antigen (PSA) 
testing, digital rectal examination, and transrec-
tal ultrasound. Needle biopsy of the prostate 
plays a central role in the morphologic and clini-
cal evaluation of prostate cancer.1–3 The increase 
in prostate cancer detection has induced a sharp 
increase in the number of radical prostatecto-
mies. The pathologist has an important and chal-
lenging task in evaluating tissue specimens for 
the presence or absence of lesions such as cancer 
and its well-known precursor high-grade pros-
tatic intraepithelial neoplasia (HGPIN).4,5 In 
diffi cult cases in which a defi nite diagnosis of 
cancer may not be feasible, a term indicating 
diagnostic uncertainty needs to be used.6

Substantial effort has been expended in 
recent years in describing available clinical and 
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cancers are fi rm and solid and range in color 
from white-gray to yellow-orange, with the 
latter having increased concentrations of cyto-
plasmic lipid. The tumors contrast with the 
adjacent benign parenchyma, which is typically 
tan and spongy (Fig. 3-1).

Morphology of Untreated Prostate Cancer

The diagnosis of carcinoma relies on a combina-
tion of architectural and cytologic fi ndings. The 
light microscopic features are usually suffi cient, 
but cases with small suspicious foci may benefi t 
from immunohistochemical studies. Causes of 
false-positive diagnoses include but are not 
limited to atrophy, basal cell hyperplasia, posta-
trophic hyperplasia, inadequate sample prepara-
tion, treatment effect, infl ammation, and other 
benign mimickers such as seminal vesicles/
ejaculatory ducts, Cowper’s gland, paraganglion, 
and verumontanum mucosal glands.34

Architectural Features

Architectural features are usually assessed 
at low- to medium-power magnifi cation, with 
emphasis on spacing, size, and shape of acini 
(Fig. 3-2). The arrangement of the acini is diag-
nostically useful, providing the basis of the 
Gleason grade. Malignant acini usually have an 
irregular, haphazard arrangement and are found 
randomly scattered in the stroma as clusters or 
isolates. The spacing between malignant acini 
varies widely. Variation in acinar size is a useful 
criterion for cancer, particularly when small, 
irregular, abortive acini with primitive lumina 

are seen at the periphery of a focus of well-
differentiated carcinoma.

The acini in suspicious foci are usually small or 
medium-sized with irregular contours that con-
trast with the typically smooth and round to 
elongated contours of benign and hyperplastic 
acini. Comparison with the adjacent benign pros-
tatic acini is always of value in the diagnosis of 
cancer. Well-differentiated carcinoma and the 
large acinar variant of Gleason grade 3 carcinoma 
are particularly diffi cult to separate from benign 
acini in needle biopsies because of the uniform 
size and spacing of acini. In such cases, greater 
emphasis is placed on cytologic features, immu-
nohistochemical fi ndings, and the presence of 
smaller diagnostic acini at the edge of the focus.

Although an intact basal cell layer is present 
along the periphery of benign acini, it is absent 
in prostate cancer (Fig. 3-3). This important 
diagnostic feature is not always easy to evaluate 
in routine hematoxylin-and-eosin–stained (H&E) 
tissue sections owing to false-negative fi ndings 
with atrophy and other conditions that can 
mimic the appearance of cancer. Compressed 
stromal fi broblasts may mimic basal cells but are 
usually seen only focally at the periphery of 
acini. Small foci of adenocarcinoma sometimes 
cluster around or infi ltrate larger benign acini 
that have an intact basal cell layer, further com-
pounding diagnostic diffi culties.

Cytologic Features

The cytologic features of adenocarcinoma 
include nuclear and nucleolar enlargement, 
which occurs in most malignant cells. 

PCA
BPH

Figure 3-1. Grossly visible prostatic cancer (PCA) is 
typically located in the peripheral zone, whereas benign 
prostatic hyperplasia (BPH) shows transitional zone 
location.

Figure 3-2. Prostatic adenocarcinoma shows 
architectural distortion and variation in acinar size.
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“Prominent” nucleoli are the cytologic hallmark 
of prostatic adenocarcinoma (Fig. 3-4A). Every 
cell has a nucleolus, so prominent nucleoli (at 
least 1.50 μm in diameter or larger) are sought. 
Pathologists do not routinely measure nucleoli 

for diagnosis; this determination is based on 
comparison with benign epithelial cells else-
where in the specimen.

Artifacts can and often do obscure the nuclei 
and nucleoli. Overstaining of nuclei by hema-
toxylin creates one of the most common diffi -
culties in the interpretation of suspicious cells. 
Differences in the preparation of biopsy speci-
mens infl uence nuclear size and chromasia, so 
comparison with normal cells from the same 
specimen is useful as an internal control. Many 
pathologists prefer pale-staining with eosin, but 
this approach fails to accentuate nucleoli, which 
are often enlarged. In specimens with nuclear 
hyperchromasia and pale eosinophilic staining, 
pathologists often increase the light intensity 
and magnifi cation to examine suggestive foci 
for hidden enlarged nucleoli.

Luminal Findings

Crystalloids are sharp, needle-like eosinophilic 
structures that are often present in the lumina 

Figure 3-3. The lack of basal cell layer is the hallmark of 
prostate cancer, which is best highlighted by 
immunostaining with high-molecular-weight cytokeratin 
34βE12.

A

C D

B

Figure 3-4. Salient features of prostatic adenocarcinoma include prominent nucleoli (A), crystalloids (B), intraluminal 
mucins (C), and collagenous nodules (D).
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of well- and moderately differentiated carci-
noma35 (Fig. 3-4B) They are not specifi c for 
carcinoma and can be found in other conditions. 
The presence of crystalloids in metastatic 
adenocarcinoma of unknown site of origin is 
strong presumptive evidence of prostatic origin, 
although it is an uncommon fi nding and not 
conclusive.36 Special stains highlight crystalloids, 
which otherwise cannot be seen by light micros-
copy.36 Crystalloids stain red with a trichrome 
stain, blue with a toluidine blue stain and violet 
with the Mallory’s staining and appear argyro-
philic with silver stain methods. Crystalloids do 
not stain with periodic acid-Schiff (PAS), Alcian 
blue, Prussian blue, Congo red, or with immu-
nohistochemical stains for PSA and prostatic 
acid phosphatase (PAP). The mechanism of 
crystalloid formation remains unknown, but 
crystalloids probably result from abnormal 
protein and mineral metabolism within benign 
and malignant acini.

Ultrastructurally, crystalloids are composed 
of electron-dense material that lacks the period-
icity of crystals. Radiographic microanalysis 
reveals abundant portions of sulfur, calcium, and 
phosphorus, and a small amount of sodium.35 
Hard proteinaceous secretions are almost always 
present in adjacent acini and are probably the 
source of the crystalloids.

Luminal acidic sulfated and nonsulfated 
mucin is often seen in acini of adenocarcinoma, 
appearing as amorphous or delicate, threadlike, 
faintly basophilic secretions in routine sections 
(Fig. 3-4C). This mucin stains with Alcian blue 
and is best displayed at pH 2.5, whereas normal 
prostatic epithelium contains periodic acid-
Schiff–reactive mucin that is neutral. Acidic 
mucin is not specifi c for carcinoma; it may be 
found in prostatic intraepithelial neoplasia 
(PIN), in atypical adenomatous hyperplasia, 
in sclerosing adenosis, and, rarely, in nodular 
hyperplasia.37

Occasionally, prostatic adenocarcinoma may 
possess intraluminal corpora amylacea. These 
are much more often seen in normal ducts and 
acini, in atypical adenomatous hyperplasia, and 
in verumontanum mucosal gland hyperplasia.

Stromal Findings

The stroma in cancer frequently contains young 
collagen, which appears lightly eosinophilic, 
although desmoplasia may be prominent. Muscle 

fi bers in the stroma are sometimes split or dis-
torted. However, this is a diffi cult feature to 
appreciate and cannot be relied on because of 
the resemblance to the stroma associated with 
benign acini.

Collagenous micronodules (or mucinous 
fi broplasia) (see Fig. 3-4D) are a specifi c but 
uncommon and incidental fi nding in prostatic 
adenocarcinoma—present in 0.6% of needle 
biopsies and 12.7% of prostatectomies. These 
micronodules consist of microscopic nodular 
masses of paucicellular eosinophilic fi brillar 
stroma that impinge on acinar lumina.38 They 
are usually present in mucin-producing adeno-
carcinomas as a result of extravasation of acidic 
mucin into the stroma. Collagenous micronod-
ules are not observed in benign epithelium, in 
nodular hyperplasia, or in PIN. Their presence 
may be particularly valuable in challenging 
needle biopsy specimens.38

Immunohistochemical Findings

The most important immunohistochemical 
markers in prostate pathology are PSA, 
PAP, high-molecular-weight keratin (34βE12), 
p63, and α-methylacyl coenzyme A racemase 
(AMACR). Promising new markers include 
prostate-specifi c membrane antigen (PSMA) 
and human glandular kallikrein 2 (hK2).39 A 
useful panel of immunohistochemical stains to 
demonstrate a urothelial origin for a poorly dif-
ferentiated carcinoma in the prostate consists of 
the combination of cytokeratin 7, cytokeratin 
20, and thrombomodulin.

Immunohistochemical expression of PSA is 
useful for differentiating high-grade prostate 
cancer from urothelial carcinoma, colonic carci-
noma, granulomatous prostatitis, and lymphoma. 
PSA also facilitates the identifi cation of the site 
of tumor origin in metastatic adenocarcinoma. 
This marker can be detected in frozen sections, 
paraffi n-embedded tissue, cellular smears, and 
cytologic preparations of normal and neoplastic 
prostatic epithelium. Staining is invariably 
heterogeneous. Microwave antigen retrieval is 
usually not necessary, even in tissues that have 
been immersed in formalin for years. Formalin 
fi xation is optimal for localization of PSA, and 
variation in staining intensity is only partially 
the result of fi xation and embedding effects. 
Immunoreactivity is preserved in decalcifi ed 
specimens and may even be enhanced. 
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Immunohistochemical expression of PAP may 
also be of use in establishing a prostatic origin 
for a primary or metastatic adenocarcinoma.

In diagnostically diffi cult cases, use of 
monoclonal antibodies directed against high-
molecular-weight cytokeratin (e.g., clone 
34βE12) may be useful for the detection of 
retention or loss of the basal cell layer in small 
suspicious foci of atypical glands. This tactic is 
used infrequently (in less than 5% of cases), 
however, and only as an adjunct to the light 
microscopic fi ndings. The immunohistochemical 
staining results should not, by themselves, be the 
basis for a diagnosis of malignancy, particularly 
in small suggestive foci. Its value lies in the 
ability to confi rm the benign nature of a sugges-
tive focus by showing an immunoreactive basal 
cell layer. Anti–keratin 34βE12 stains nearly all 
of the normal basal cells of the prostate; no stain-
ing occurs in the secretory and stromal cells.

A uniform absence of a basal cell layer in pros-
tatic acinar proliferations is one of the most 
important diagnostic features of invasive carci-
noma. Because basal cells may be unapparent by 
H&E stain, basal cell–specifi c immunostains may 
help to distinguish invasive prostatic adenocarci-
noma from atypical, benign small acini, which 
can mimic cancer. Unlike prostatic carcinoma, 
these mimickers, such as glandular atrophy, post-
atrophic hyperplasia, atypical adenomatous 
hyperplasia, sclerosing adenosis (atypical adeno-
matous hyperplasia), and radiation-induced 
atypia, all retain their basal cell layer.34,40,41 
Because the basal cell layer may be interrupted 
or not demonstrable in small numbers of benign 
glands, the complete absence of a basal cell layer 
in a small focus of acini cannot be used alone as 
a defi nitive criterion for malignancy. Rather, the 
absence of a basal cell layer is supportive of inva-
sive carcinoma only in acinar proliferations that 
exhibit suspicious cytologic and/or architectural 
features on H&E staining.40 Conversely, some 
early invasive prostatic carcinomas, such as 
microinvasive carcinomas arising in association 
with or independent of high-grade PIN, may have 
residual basal cells.42 Intraductal spread of inva-
sive carcinoma and entrapped benign glands are 
other proposed explanations for residual basal 
cells. Rare cases of prostatic adenocarcinoma 
contain sparse neoplastic glandular cells, which 
are immunoreactive for 34βE12, yet are not in a 
basal cell distribution.43 The use of antibodies for 
34βE12 is especially helpful for the diagnosis of 

deceptively benign-appearing variants of prostate 
cancer. Immunohistochemistry for cytokeratins 
7 and 20 have a limited diagnostic use in prostate 
pathology with the exception that negative stain-
ing for both markers, which can occur in prostate 
adenocarcinoma, would be unusual for transi-
tional cell (urothelial) carcinoma.44

A nuclear protein, p63, encoded by a gene on 
chromosome 3q27–29 with homology to p53 
(a tumor suppressor gene), has been shown to 
regulate growth and development in epithelium 
of the skin, cervix, breast, and urogenital tract. 
Specifi c isotypes are expressed in basal cells of 
stratifi ed and pseudostratifi ed epithelia (pros-
tate, bronchial), reserve cells of simple columnar 
epithelia (endocervical, pancreatic ductal), myo-
epithelial cells (breast, salivary glands, cutane-
ous apocrine/eccrine glands), urothelium, and 
squamous epithelium.45 A monoclonal antibody 
is effective for immunohistochemistry when 
testing paraffi n-embedded tissue following 
antigen retrieval. p63 has applications similar 
to those of high-molecular-weight cytokeratins 
in the diagnosis of prostatic adenocarcinoma, 
but with advantages such as:

■ p63 stains a subset of 34βE12-negative basal 
cells.

■ p63 is less susceptible to the staining variabil-
ity of 34βE12 (particularly in TURP speci-
mens with cautery artifact).

■ p63 is easier to interpret because of its 
strong nuclear staining and low background 
intensity.

The same interpretative limitations seen with 
immunostaining for high-molecular weight 
cytokeratin (34βE12) in small atypical foci also 
apply to the interpretation of p63 immunohis-
tochemistry. A correlation with morphology, 
both architectural and cytologic, is required.43 
Prostatic adenocarcinomas have occasional 
p63-immunoreactive cells, most representing 
entrapped benign glands or intraductal spread 
of carcinoma with residual basal cells.45

a-Methylacyl CoA Racemase (AMACR)

mRNA was recently identifi ed as being overex-
pressed in prostatic adenocarcinoma by cDNA 
library subtraction using high-throughput RNA 
microarray analysis.46 This mRNA was found to 
encode a racemase protein, for which polyclonal 
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and monoclonal antibodies have been produced. 
These antibodies are suitable for immunohisto-
chemical analysis because they are reactive in 
formalin-fi xed, paraffi n-embedded tissue.47–50 
Immunohistochemical studies on biopsy mate-
rial with an antibody directed against AMACR 
(P504S) demonstrate reactivity with over 80% 
of prostatic adenocarcinomas.51 Certain sub-
types of prostate cancer, such as foamy gland 
carcinoma, atrophic carcinoma, pseudohyper-
plastic, and treated carcinoma show lower 
AMACR expression.50,52 However, AMACR 
expression is not specifi c for prostate cancer and 
may be present in nodular hyperplasia (12%), 
atrophic glands (36%), HGPIN (over 90%),49 
and atypical adenomatous hyperplasia (17.5%).53 
AMACR immunostaining may be used as a con-
fi rmatory stain for prostatic adenocarcinoma in 
conjunction with H&E morphology and a basal 
cell–specifi c marker.49 AMACR is expressed 
in other non-prostatic neoplasms, including 
urothelial and colon cancer.

An immunohistochemical cocktail containing 
monoclonal antibodies to cytokeratin 34βE12 
and p63 is an effective basal cell stain. A com-
bination containing antibodies against 34βE12, 
p63, and AMACR is also used in clinical practice 
(Fig. 3-5).

In 5% to 10% of prostatic carcinomas, there 
are zones with a large number of single or clus-
tered neuroendocrine cells detected by chromo-
granin A immunostaining.54–61 A subset of these 
neuroendocrine cells may also be serotonin-
positive. Immunostaining for neuron-specifi c 
enolase (NSE), synaptophysin, bombesin/

gastrin-releasing peptide, and a variety of other 
neuroendocrine peptides may also occur in 
individual neoplastic neuroendocrine cells. In 
addition, a diffuse pattern62 of receptors for 
serotonin63 and neuroendocrine peptides64,65 
may be present. The prognostic signifi cance of 
focal neuroendocrine differentiation in primary, 
untreated prostatic carcinoma is controversial. 
In advanced prostate cancer, especially andro-
gen-independent cancer, focal neuroendocrine 
differentiation portends a poor prognosis66–69 
and may be a therapeutic target.70–72

Gleason Grading of Prostate Cancer

The Gleason grading system for prostate cancer, 
named after Donald F. Gleason, is the predomi-
nant grading system used around the world.73–76 
The Gleason grading system is based on glandu-
lar architecture, which can be divided into fi ve 
patterns of growth (also known as grades) with 
different levels of differentiation. The primary 
and secondary pattern or grade, that is, the most 
prevalent and the second most prevalent pattern 
or grade, are added to obtain a Gleason score or 
sum that is to be reported.73,77 Nuclear atypia or 
cytoplasmic features are not evaluated. It is 
important that the initial grading of prostate 
carcinoma be performed at low magnifi cation. 
Then, one may proceed with high-power objec-
tives to look for rare fused glands or a few indi-
vidual cells. Gleason grading of prostate cancer 
has changed over the years in an effort to incor-
porate new understandings of some features of 
prostate cancer and to adapt to the widespread 
use of needle biopsies, which were unavailable 
at the time that Gleason originally proposed his 
system.

Gleason Patterns (Fig. 3-6)

■ Gleason pattern 1 (Fig. 3-6A)—very well-
circumscribed nodule of separate, closely 
packed glands that do not infi ltrate into adja-
cent benign prostatic tissue. The glands are of 
intermediate size and approximately equal in 
size and shape. The nucleus is typically small 
and cytoplasm frequently is abundant and 
pale-staining. Nuclear and cytoplasm appear-
ance is not taken into account in diagnosis. 
This pattern is exceedingly rare and usually 
seen in transition zone cancers.

■ Gleason pattern 2 (Fig. 3-6B)—round-to-oval 
glands with smooth ends. The glands are more 

Figure 3-5. An immunohistochemical cocktail containing 
antibodies against high–molecular-weight cytokeratin 
34βE12, p63, and α-methylacyl CoA racemase (AMACR) 
is useful in the diagnosis of prostate cancer.
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loosely arranged and not as uniform in size and 
shape as those of Gleason pattern 1. There 
may be minimal invasion by neoplastic glands 
into the surrounding non-neoplastic prostatic 
tissue. The glands are of intermediate size and 
larger than those in Gleason pattern 1. The 
variation in glandular size and separation 

between glands is less than that seen in pattern 
3. Although not evaluated in Gleason grading, 
the cytoplasm of Gleason pattern 2 cancers is 
abundant and pale-staining. Gleason pattern 2 
is usually seen in transition zone cancers but 
may occasionally be found in the peripheral 
zone.

A

C

E

D

B

Figure 3-6. Gleason grading of prostate cancer. A, Gleason pattern 1 is characterized by well-circumscribed 
nodule composed of uniformly sized glands. B, The malignant glands in Gleason pattern 2 show more variation in size 
and shape. C, Malignant glands in Gleason pattern 3 are infi ltrative, variable in size and shape, and often angular. 
D, Malignant glands in Gleason pattern 4 are often fused, cribriform. E, Comedonecrosis is present in Gleason pattern 
5 glands.
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■ Gleason pattern 3 (Fig. 3-6C)—the most 
common pattern, but morphologically hetero-
geneous. The glands are infi ltrative and the 
distance between them is more variable than 
in patterns 1 and 2. Malignant glands often 
infi ltrate between adjacent non-neoplastic 
glands. The glands of pattern 3 vary in size and 
shape and are often angular. Small glands are 
typical for pattern 3, but there may also be 
large and irregular. Each gland has an open 
lumen and is circumscribed by stroma. 
Cribriform pattern 3 is rare and diffi cult to 
distinguish morphologically from cribriform 
HGPIN, which shows the presence of basal 
cells. These cells are lacking in cribriform 
pattern 3 prostate cancer. This heterogeneous 
expression of Gleason grade 3 raised an initial 
subdivision in patterns A, B, and C, 
respectively.

■ Gleason pattern 4 (Fig. 3-6D)—fused, cribri-
form, or poorly defi ned and small-appearing 
glands. Fused glands are composed of a group 
of glands that are no longer completely sepa-
rated by stroma. The edge of a group of fused 
glands is scalloped, and there are occasional 
thin strands of connective tissue within this 
group. The hypernephroid pattern described 
by Gleason is a rare variant of fused glands 
with clear or very pale-staining cytoplasm. 
Cribriform pattern 4 glands are large, or they 
may be irregular with jagged edges. In contrast 
to fused glands, there are no strands of stroma 
within a cribriform gland. Most cribriform 
invasive cancers should be assigned a pattern 
4 rather than pattern 3. Poorly defi ned glands 
do not have a lumen that is completely encir-
cled by epithelium.

■ Gleason pattern 5 (Fig. 3-6E)—almost com-
plete loss of glandular lumina, which are only 
occasionally present. The epithelium forms 
solid sheets, solid strands, or single cells 
invading the stroma; comedonecrosis may be 
present. Care must be applied when assigning 
a Gleason pattern 4 or 5 to limited cancer on 
needle biopsy to exclude an artifact of tangen-
tial sectioning of lower-grade cancer.

Gleason Scores in Prostate Needle Biopsies

Gleason Score 2–4. The diagnosis of Gleason 
score 2–4 on needle biopsies should be made 
“rarely, if ever,” and the reasons are com pelling78: 
(1) Gleason score 2–4 cancer is extraordinarily 

rare in needle biopsies compared with transure-
thral resection specimens; (2) there is poor 
reproducibility, as found among experts79–81; (3) 
the correlation with the prostatectomy score is 
poor; and (4) a low score of Gleason 2–4 may 
misguide clinician into believing that there is an 
indolent tumor.82 A recent consensus stated that 
a Gleason score of 1 + 1 = 2 is a grade that should 
not be diagnosed, regardless of the type of speci-
men, with extremely rare exceptions. It is 
believed that most of these cases diagnosed in 
the era of Gleason would today be referred to as 
adenosis (atypical adenomatous hyperplasia) 
because of improved techniques for the recogni-
tion of basal cells.78,83,84 Cribriform morphology 
is not allowed within Gleason pattern 2.85

Gleason Pattern 3. Gleason pattern 3 tumors 
consist of variably sized individual glands. 
Although most cribriform-pattern tumors should 
be diagnosed as Gleason pattern 4, rare cribri-
form lesions may be classifi ed as pattern 3.75,85,86 
These rare cribriform pattern 3 tumors consist 
of round, well-circumscribed glands of the same 
size as normal glands. “Individual cells” would 
not be allowed within Gleason pattern 3.

Gleason Pattern 4 in Gleason Score 7 
Tumors. Gleason pattern 4 tumors consist of 
fused glandular masses and most cribriform 
lesions. The importance of determining the per-
centage of Gleason 4 pattern in Gleason score 
7 tumors is rapidly becoming apparent.78,86,87 In 
recently generated nomograms, patients with 
Gleason score 4 + 3 versus 3 + 4 are stratifi ed 
differently.88 Whether or not the percentage of 
pattern 4 tumors should be included in the 
report remains optional at the present time. 
Small, ill-defi ned glands with poorly formed 
glandular lumina also warrant the diagnosis of 
Gleason pattern 4, as stated by a recent 
consensus.78

Gleason Pattern 5. Comedonecrosis, when 
seen in solid nests or cribriform masses, should 
be regarded as Gleason pattern 5. However, the 
defi nition of comedonecrosis requires intra-
luminal necrotic cells and/or nuclear debris 
(karyorrhexis).78

Tertiary Pattern. Another important change 
recently incorporated in current practice is the 
recognition and reporting of the tertiary pattern 
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in needle biopsies. This includes tumors with 
patterns 3, 4, and 5 in various proportions on a 
biopsy. Tertiary patterns are uncommon, but 
when the worst Gleason grade is the tertiary 
pattern, it should infl uence the fi nal Gleason 
score. Therefore, the primary pattern and the 
highest grade should be recorded following the 
rule of “the most and the worst.”78 For example, 
a case with primary Gleason pattern 3, second-
ary pattern 4, and tertiary pattern 5 should be 
assigned a Gleason score of 8. These tumors 
should be classifi ed overall as high grade (Gleason 
score 8–10).89,90

Needle Biopsy with Different Cores Showing 
Different Grades. This phenomenon occurs 
when one or more of the cores show pure high-
grade cancer (i.e., Gleason score 4 + 4 = 8) and 
the other cores show pattern 3 (3 + 3, 3 + 4 or 4 
+ 3) cancer. If one reports the grades of each core 
separately, the highest-grade tumor (Gleason 
score 8) would typically be the one selected by 
the clinician as the grade of the entire case. 
Others give instead an overall score for the entire 
case. For example, in a case with Gleason score 
4 + 4 = 8 on one core and pattern 3 (3 + 3 = 6, 
3 + 4 = 7, 4 + 3 = 7) on other cores, the overall 
score for the entire case would be Gleason score 
4 + 3 = 7 or 3 + 4 = 7, depending on whether 
pattern 4 or 3 predominated. It has been demon-
strated that when one core is Gleason score 
4 + 4 = 8 with other cores having pattern 3, the 
pathologic stage at radical prostatectomy is com-
parable to cases with all needle cores having 
Gleason score 4 + 4 = 8.2,76,78,86,91,92 Thus, the use 
of the highest core grade in cases where there are 
multiple cores of different grades is advocated; 
this provides additional support for the practice 
of giving cores a separate grade rather than an 
overall score for the entire case.78,93 A recent 
survey concluded that 81% of urologists used the 
highest Gleason score on a positive biopsy to 
determine treatment, regardless of the overall 
percentage of involvement.94 Consequently, it 
has been recommended to assign individual 
Gleason scores to separate cores as long as the 
cores are submitted in separate containers, or in 
the same container but specifi ed by the urologist 
as to their location (i.e., by different colors of 
ink). In addition, one has the option to also give 
an overall score at the end of the case.87,95

When a container contains multiple pieces of 
tissue and it cannot be determined whether the 

core is intact, it is recommended to only give an 
overall score for that container.78

Gleason Scores in Radical 
Prostatectomy Specimens

In specimens from tumors in radical prostatec-
tomy, one should assign the Gleason score 
based on the primary and secondary patterns 
with a comment on the tertiary pattern, if 
present.2,78,86

Gleason Scores 2–4. Gleason scores 2–4 are 
rarely seen as the grade of the main tumor in 
radical prostatectomies performed for stages 
T1c or T2 disease. These tumors are typically 
seen as incidental foci of tumor in patients with 
multifocal adenocarcinomas of the prostate and 
within the transition zone in TURP speci-
mens.78,83,86 The situation in which Gleason 
scores 2–4 tumor represents the major tumor at 
radical prostatectomy, performed after inciden-
tally fi nding carcinoma upon TURP (stages T1a 
and T1b), is uncommon. In one study, Gleason 
score 2–4 was the grade of the main tumor in 
2% of radical prostatectomy specimens; this 
represents a disproportionate number of T1a 
and T1b tumors compared with what is seen 
in today’s practice. All men with Gleason 
scores 2–4 tumor at radical prostatectomy are 
considered surgically cured.78,86

Gleason Scores 5–6. It is important to rec-
ognize that most tumors with Gleason scores 
5–6 are cured after radical prostatectomy.78,96

Gleason Score 7. Patients whose tumors 
have a Gleason score of 7 have a signifi cantly 
worse prognosis than those with a Gleason score 
of 6. Given the adverse prognosis associated 
with Gleason pattern 4, one would expect that 
whether a tumor is Gleason score 3 + 4 or 
4 + 3 would infl uence prognosis.96 Several studies 
addressing Gleason score 3 + 4 were compared 
with Gleason score 4 + 3 at radical prostatec-
tomy with somewhat confl icting results.3,88,97,98 
Most investigations have shown that Gleason 
score 4 + 3 presents a worse prognosis.

Gleason Scores 8–10. Gleason scores 8–10 
may account for only 7% of the grades seen at 
radical prostatectomy, but patients with these 
Gleason scores have highly aggressive tumors at 
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such an advanced stage that they are not ame-
nable to surgical therapy alone. Overall, patients 
with Gleason scores 8–10 at radical prostatec-
tomy have a 15% chance of having no evidence 
of disease at 15 years after surgery.95,96

Percent Gleason Pattern 4/5. The percent-
age of high-grade tumor (i.e., the combined per-
centage of Gleason pattern 4/5) has been 
proposed as the preferred method for grading 
prostate cancer because this value is predictive 
of disease progression.99 It has recently been 
demonstrated that classifying tumors based on 
the combined percent of pattern 4/5 is more 
predictive than stratifying patients into Gleason 
score alone. Therefore, it is recommended that 
this percentage be included in the surgical 
pathology report.9,14

Tertiary Gleason Pattern. In contrast to 
needle biopsies, a higher percentage of radical 
prostatectomies contain more than two grades, 
and over 50% of them contain at least three 
grades.30 The progression rates of Gleason scores 
5–6 tumors with a tertiary component of Gleason 
pattern 4 are almost the same as those of pure 
Gleason score 7 tumors. Patients with Gleason 
score 7 tumors with a tertiary pattern 5 experi-
ence progression rates after radical prostatec-
tomy approximating those with pure Gleason 8 
tumors.89 On the other hand, there appears to 
be no such signifi cance to a tertiary pattern 5 in 
cases of Gleason 4 + 4 = 8 tumors. Because 
Gleason score 8 tumors are already aggressive, 
the existence of pattern 5 elements adds no 
additional adverse properties. Prostate cancers in 
radical prostatectomy specimens should be 
graded routinely (primary and secondary pat-
terns) with a comment in the report noting the 
presence of a tertiary element.9,14,30,98 In the 
setting of high-grade cancer (score 8–10), one 
should ignore lower-grade patterns if they occupy 
less than 5% of the area of the tumor.87,100

Tumors with One Predominant Pattern and 
a Small Percentage of Higher-Grade Tumor. 
Some controversy still exists regarding how to 
grade tumors in which a single low-grade pattern 
constitutes more than 95% of the tumor, with 
only a very small percentage of higher-grade 
tumor. For example, for a tumor composed of 
more than 95% Gleason pattern 3 and less than 
5% pattern 4, some experts would assign a 

Gleason score 3 + 3 = 6, since it has been pro-
posed that over 5% of a pattern should be 
present for it to be incorporated within the 
Gleason score. Others might grade the tumor as 
Gleason score 3 + 4 = 7. A high-grade compo-
nent, even if it constitutes less than 5% of the 
whole tumor, seems to have a signifi cant adverse 
infl uence.78,82

Radical Prostatectomy Specimens with 
Separate Tumor Nodules. It has been recom-
mended that radical prostatectomy specimens 
be processed in an organized fashion whereby 
assessment can be made as to whether one is 
dealing with a dominant nodule or separate 
tumor nodules.87 Some suggest that a separate 
grade be assigned to each dominant tumor 
nodule(s). Most often, the dominant nodule is 
the largest tumor, which is also the tumor asso-
ciated with the highest stage and the highest 
grade.30

Correlation between Needle Biopsy and 
Radical Prostatectomy Gleason Scores. Several 
studies address the correlation between Gleason 
scores in needle biopsies and the corresponding 
radical prostatectomy specimens.77,93 Although 
earlier studies used thicker (14-gauge) needle 
biopsies,101,102 more recent series are based on 
thin-core (18-gauge) needles used in conjunc-
tion with biopsy guns attached to transrectal 
ultrasound. Sextant or other modes of system-
atic sampling are typically performed in more 
current series. In a recent compilation of data 
from 3789 patients from 18 studies, exact cor-
relation of Gleason scores was found in 43% of 
cases and correlation plus or minus 1 Gleason 
core unit was seen in 77% of cases.103 Under-
grading of carcinoma in needle biopsy is the 
most common problem, occurring in 42% of all 
reviewed cases. Overgrading of carcinoma in 
needle biopsies may also occur, but this was only 
found in 15% of cases. In general, adverse fi nd-
ings on needle biopsy accurately predict adverse 
fi ndings in the radical prostatectomy specimen. 
By contrast, favorable fi ndings on the needle 
biopsy do not necessarily predict favorable fi nd-
ings in the radical prostatectomy specimens, 
largely because of sampling error.

Sampling error is due to the small amount 
of tissue that is removed by thin-core needle 
biopsies. The average 20-mm, 18-gauge core 
samples approximately 0.04% of the average 
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gland volume (40 mL). The most common type 
of sampling error occurs when a high-grade com-
ponent is within the radical prostatectomy spec-
imen that is not sampled on needle biopsy.90 
This typically occurs when the tumor in a needle 
biopsy is graded as Gleason score 3 + 3 = 6, and 
the corresponding radical prostatectomy con-
tains a Gleason pattern 4 component, which was 
not sampled on the biopsy.

Overgrading can result from sampling error in 
cases in which the high-grade pattern may rep-
resent only a very minor element in the radical 
prostatectomy specimen but is selectively repre-
sented in needle biopsy. However, undergrading 
is more commonly encountered. Gleason scores 
of minimal adenocarcinoma in needle biopsies 
show a reasonably strong correlation with radical 
prostatectomy scores, but the Gleason scores do 
not have the same power to predict extrapros-
tatic extension and positive margin status as they 
do in nonminimal carcinomas.

Variants and Unusual Subtypes of 
Prostate Cancer

Most prostate cancers are acinar adenocarcino-
mas. Unusual histologic variants or types of 
prostatic carcinoma account for about 5% to 
10% of carcinomas that originate in the prostate 
gland.3,15,18

Ductal Adenocarcinoma

The ductal subtype of adenocarcinoma 
(Fig. 3-7A) is composed of larger glands that are 
lined by tall pseudostratifi ed columnar cells. 
Endometrial carcinoma originally described this 
entity because of its morphologic similarity to 
endometrium. In pure form, ductal adenocarci-
noma accounts for 0.2% to 0.8% of prostate 
cancers.104–106 More commonly, it is seen with 
an acinar component. Most studies have demon-
strated that ductal adenocarcinoma is aggressive. 
Some studies reported that 25% to 40% of cases 
had metastases at the time of diagnosis with a 
poor 5-year survival rate that ranged from 15% 
to 43%.105,107,108 Limited ductal adenocarcinoma 
on biopsy warrants defi nitive therapy. Although 
these cancers are less hormonally responsive 
than acinar adenocarcinoma, androgen depriva-
tion therapy may provide palliative relief.

Serum PSA levels in patients with ductal 
adenocarcinoma may be normal, especially in 

patients with only centrally located tumors. In 
most cases, transurethral resections performed 
for diagnosis or relief of urinary obstruction 
provide suffi cient diagnostic tissue. Transrectal 
needle core biopsies may also obtain diagnostic 
tissue when the tumor is more peripherally 
located.109 In addition, areas of ductal adenocar-
cinoma may be incidentally identifi ed in prosta-
tectomy specimens.

Ductal adenocarcinoma may be located cen-
trally around the prostatic urethra or—more 
frequently—peripherally and admixed with 
typical acinar adenocarcinoma. A centrally 
located ductal adenocarcinoma may also be 
associated with a peripherally situated acinar 
adenocarcinoma. Centrally occurring tumors 
appear as exophytic, polypoid, or papillary 
masses protruding into the urethra around the 
verumontanum. Peripherally occurring tumors 
typically show a white-gray fi rm appearance 
similar to that of acinar adenocarcinoma. 
Periurethral or centrally located ductal adeno-
carcinoma may cause hematuria, urinary 
urgency, and eventually urinary retention. In 
these cases, there may be no abnormalities on 
rectal examination. Tumors arising peripherally 
may lead to enlargement or induration of the 
prostate.

Ductal adenocarcinoma is characterized by 
tall columnar cells with abundant—usually 
amphophilic—cytoplasm, which forms a single 
or pseudostratifi ed epithelial layer reminiscent 
of endometrial carcinoma. Although the cyto-
plasm of ductal adenocarcinoma is often ampho-
philic, it may occasionally appear clear. In some 
cases, there are numerous mitoses and marked 
cytologic atypia. In others, the cytologic atypia 
is minimal, which makes diagnosis diffi cult par-
ticularly on needle biopsy. Peripherally located 
tumors are often admixed with cribriform, 
glandular, or solid patterns, as seen in acinar 
adenocarcinoma.

Ductal adenocarcinoma should be graded as 
Gleason score 4 + 4 = 8, while retaining the 
diagnostic term of ductal adenocarcinoma to 
denote the unique clinical and pathologic fea-
tures of this variant. In some cases, comedone-
crosis is present, in which case they could be 
considered equivalent to Gleason pattern 5. 
Ductal adenocarcinoma displays a variety of 
architectural patterns that are often intermin-
gled,110 including papillary, cribriform, individual 
gland, and solid patterns.
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Figure 3-7. Variants of prostatic adenocarcinoma. A, Ductal adenocarcinoma. B, Atrophic adenocarcinoma. 
C, Pseudohyperplastic adenocarcinoma. D, Adenocarcinoma with glomeruloid feature. E, Foamy gland adenocarcinoma.

Immunohistochemically, ductal adenocarci-
noma is strongly positive for PSA and PAP. 
Tumor cells are typically negative for basal 
cell–specifi c high-molecular-weight cytokeratin 
(detected by 34βE12); however, preexisting 
ducts may be positive for this marker.

Ductal adenocarcinomas usually spread along 
the urethra or into the prostatic ducts, with 
or without stromal invasion. Other patterns of 

spread are similar to that of acinar prostatic 
adenocarcinoma with invasion to extraprostatic 
tissues and metastasis to pelvic lymph nodes or 
distal organs. Ductal adenocarcinomas appear to 
have a tendency to metastasize to the lungs and 
penis.

Ductal adenocarcinoma must be distinguished 
from urothelial carcinoma, ectopic prostatic 
tissue, benign prostatic polyps, and proliferative 
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papillary urethritis. Also, one of the more diffi -
cult lesions to distinguish from ductal adenocar-
cinoma is cribriform-pattern high-grade prostatic 
intraepithelial neoplasia (HGPIN). Some pat-
terns of ductal adenocarcinoma may represent 
ductal carcinoma in situ.

Atrophic Adenocarcinoma

Most prostate cancers have abundant cytoplasm. 
An unusual variant of prostate cancer resembles 
benign atrophy owing to its scant cytoplasm 
(see Fig. 3-7B). Although ordinary prostate 
cancers may develop atrophic cytoplasm as a 
result of treatment (see Morphology of Prostate 
Cancer after Therapy), atrophic prostate cancers 
are usually not associated with a treatment 
history.111,112

The diagnosis of carcinoma in atrophic adeno-
carcinoma may be based on several features. 
First, atrophic prostate cancer may demonstrate 
a truly infi ltrative pattern of growth with indi-
vidual small atrophic glands situated between 
larger benign glands. In contrast, benign atrophy 
has a lobular confi guration. A characteristic 
fi nding in some benign cases of atrophy is the 
presence of a centrally dilated atrophic gland 
surrounded by clustered smaller glands, a pattern 
that has been termed “post-atrophic hyperpla-
sia.”113 Although the glands of benign atrophy 
may appear to be infi ltrative on needle biopsy, 
they are not truly infi ltrative, because individual 
benign atrophic glands do not infi ltrate between 
the larger benign glands. Although some forms 
of atrophy are associated with fi brosis, atrophic 
prostate cancers lack such a desmoplastic stromal 
response. Atrophic prostate cancer may also be 
differentiated from benign atrophy by the pres-
ence of marked cytologic atypia. Atrophy may 
show enlarged nuclei and prominent nucleoli, 
although not the huge eosinophilic nucleoli seen 
in some atrophic prostate cancers. Finally, the 
presence of a component of conventional acinar 
carcinoma can help in recognizing the malignant 
nature of the adjacent atrophic cancer glands. 
Immunostaining for high-molecular-weight cyto-
keratin is extremely helpful in diffi cult cases.

Pseudohyperplastic Adenocarcinoma

Pseudohyperplastic prostate cancer resembles 
benign prostate glands in that the neoplastic 
glands are large with branching and papillary 

infoldings114,115 (see Fig. 3-7C). The recognition 
of cancer with this pattern is based on the archi-
tectural pattern of numerous closely packed 
glands as well as nuclear features more typical 
of carcinoma. Some pseudohyperplastic adeno-
carcinomas consist of numerous large glands that 
are almost back to back with straight even 
luminal borders and abundant cytoplasm. Com-
parably sized benign glands either have papillary 
infoldings or are atrophic. The presence of cyto-
logic atypia in some of these glands further dis-
tinguishes them from benign glands. It is almost 
always helpful to verify pseudohyperplastic 
cancer with the use of immunohistochemistry 
to verify the absence of basal cells.

Pseudohyperplastic cancer, despite its benign 
appearance, may be associated with typical inter-
mediate-grade cancer and can exhibit aggressive 
behavior (i.e., extraprostatic extension).

Adenocarcinoma with Glomeruloid Features

Prostatic adenocarcinoma with glomeruloid fea-
tures is characterized by intraluminal ball-like 
clusters of cancer cells, reminiscent of renal 
glomeruli (see Fig. 3-7D). Glomeruloid struc-
tures in the prostate represent an uncommon 
but distinctive pattern of growth that is specifi c 
for malignancy. Glomeruloid features can be a 
useful diagnostic clue for malignancy, particu-
larly in some challenging needle biopsy speci-
mens. This pattern of growth is usually seen in 
high-grade adenocarcinoma, often with extra-
prostatic extension. Glomeruloid features have 
not been observed in any benign or premalignant 
lesions, including hyperplasia and intraepithelial 
neoplasia.116

Foamy Gland Adenocarcinoma

Foamy gland cancer is a variant of acinar adeno-
carcinoma of the prostate and is characterized by 
abundant foamy-appearing cytoplasm with a very 
low nuclear-to-cytoplasmic ratio. Although the 
cytoplasm has a xanthomatous appearance, it 
does not contain lipid, but rather empty vacu-
oles.117 More typical cytologic features of adeno-
carcinoma, such as nuclear enlargement and 
prominent nucleoli, are frequently absent, making 
this lesion diffi cult to recognize as carcinoma, 
especially on biopsy material. Characteristically, 
the nuclei in foamy gland carcinoma are small 
and densely hyperchromatic. These nuclei are 
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typically round, even more so than those of 
benign prostatic secretory cells. This variant is 
recognized as carcinoma by its architectural 
pattern of crowded and/or infi ltrative glands, and 
dense, pink, acellular secretions are frequently 
seen in association with these tumors.118 In most 
cases, foamy gland cancer is seen in association 
with ordinary adenocarcinoma of the prostate.

Despite foamy gland cancer’s benign cytol-
ogy, almost all such cases are associated with a 
high-grade component of ordinary adenocarci-
noma. Consequently, foamy gland carcinoma 
appears best classifi ed as an intermediate-grade 
carcinoma.

Oncocytic Adenocarcinoma

Oncocytic prostatic adenocarcinomas are com-
posed of large cells with granular, eosinophilic 
cytoplasm. Tumor cells have round to ovoid 
hyperchromatic nuclei and are strongly immu-
noreactive for PSA. Numerous mitochondria 
are seen on ultrastructural examination. High 
Gleason grade,119,120 elevated serum PSA,120 and 
metastasis of similar morphology119 have been 
reported with this variant.

Lymphoepithelioma-Like Carcinoma

Lymphoepithelioma-like carcinoma is an undif-
ferentiated carcinoma characterized by malig-
nant cells arranged in a syncytial pattern with an 
associated heavy lymphocytic infi ltrate. Malig-
nant cells are PSA-positive. An associated acinar 
adenocarcinoma has been noted.121,122 In situ 
hybridization has been negative for Epstein-Barr 
virus.121 The clinical signifi cance of this entity 
remains uncertain.

Mucinous and Signet Ring 
Cell Adenocarcinoma

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 (Fig. 3-8A). Mucinous 
(colloid) adenocarcinoma of the prostate gland 
is one of the least common morphologic variants 
of prostatic carcinoma.123–125 In contrast to 
bladder adenocarcinomas, mucinous adeno-
carcinomas of the prostate rarely contain mucin-
positive signet ring cells.

Mucinous prostate adenocarcinomas behave 
aggressively.123–125 In the largest reported series, 

7 of 12 patients died of tumor (mean 5 years) 
and 5 were alive with disease (mean 3 years). 
Although these tumors are not as hormonally 
responsive as their nonmucinous counterparts, 
some tumors respond to androgen withdrawal. 
Mucinous prostate adenocarcinomas have a pro-
pensity to lead to bone metastases, and patients 
have increased serum PSA levels with advanced 
disease. There is no consensus on how mucinous 
(colloid) carcinoma should be scored.78 Some 
authors suggest that a Gleason score of 8 is to 
be assigned, whereas others recommend ignor-
ing mucin and grading the tumor based on the 
underlying architectural pattern.

Some carcinomas of the prostate have a signet 
ring cell appearance; yet the vacuoles do not 
contain intracytoplasmic mucin126 (Fig. 3-8B) 
These vacuolated cells may be present in single 
glands, in sheets of cells, or as singly invasive 
cells. Only a few cases of prostate cancer 
have been reported with mucin-positive signet 
cells.127,128

When confronted with a mucinous prostatic 
tumor, one should exclude other mucinous 
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Figure 3-8. Mucinous (A) and signet ring 
adenocarcinoma (B).
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tumors of nonprostatic origin by using morpho-
logic assessment, immunohistochemistry, and 
clinical information.

Squamous Cell Carcinoma

Squamous cell carcinomas may originate either 
in the periurethral glands or in the prostatic 
glandular acini and probably arise from the 
lining basal cells via a divergent differentiation 
pathway.129,130 Approximately 50% of adeno-
squamous carcinomas arise in prostate cancer 
patients subsequent to endocrine therapy or 
radiation therapy.131 The incidence of squamous 
cell carcinoma of the prostate is less than 
0.6% of all prostate cancers.132,133 Even more 
infrequent is the incidence of adenosquamous 
carcinoma of the prostate. Both squamous cell 
carcinomas and adenosquamous carcinomas 
tend to metastasize rapidly with a predilection 
for the bones.133,134

Most, if not all, pure squamous cell carcino-
mas are manifested clinically by local symptoms 
such as urinary outfl ow obstruction and occa-
sionally with associated bone pain and hematu-
ria. Adenosquamous carcinomas may be detected 
by increased serum PSA but more typically are 
detected on transurethral resections performed 
to relieve obstruction of urinary outfl ow.131 A 
proportion of cases shows an initial response to 
hormone therapy.135,136

By defi nition, pure squamous cell carcinomas 
do not contain glandular features and are identi-
cal with squamous cell carcinomas of other 
organs. Primary prostatic squamous cell carcino-
mas must be distinguished on clinical grounds 
from secondary involvement of the gland by 
squamous carcinomas of the urinary bladder or 
urethra. Histologically, squamous cell carcinoma 
must be distinguished from squamous metapla-
sia, which is sometimes seen with infarction or 
after hormonal therapy.

Adenosquamous carcinomas are defi ned by 
the presence of both glandular (acinar) and 
squamous carcinoma components. The glandu-
lar tumor component generally expresses PSA 
and PAP, whereas the squamous component 
displays positivity for high-molecular-weight 
cytokeratins on immunohistochemistry.131

Transitional Cell (Urothelial) Carcinoma

The incidence of primary urothelial carcinoma is 
less than 1% of prostatic tumors in adults137 (Fig. 

3-9A). Patients with invasive bladder carcinoma 
show involvement of the prostate gland in up to 
45% of cases.138–140 Primary urothelial carcinoma 
is usually located within the proximal prostatic 
ducts. Many cases are locally advanced at diagno-
sis and replace the prostate gland. Primary uro-
thelial carcinoma presents in a similar fashion to 
that of other prostatic masses with urinary 
obstruction and hematuria. Digital rectal exami-
nation is abnormal in most but is infrequently 
the presenting sign.141 There are limited data 
on PSA levels in patients with urothelial carci-
noma of the prostate. For patients with either 
primary or secondary urothelial carcinoma of the 
prostate, the single most important prognostic 
parameter is the presence of prostatic stromal 
invasion. With stromal invasion or extension 
beyond the confi nes of the prostate, the progno-
sis is poor.142–145

Most cases of urothelial carcinoma are diag-
nosed by transurethral resection or, less often, 
by needle biopsy.141 In all suspected cases, the 
possibility of secondary involvement of the pros-
tate by a primary bladder cancer must be 
excluded; the bladder tumor can be occult and 
random biopsies may be necessary to exclude 
this possibility.146

In situ carcinoma can spread along ducts and 
involve acini, or, similar to bladder carcinoma in 
situ, the tumor can spread along ejaculatory 
ducts and into seminal vesicles. Initial spread of 
urothelial carcinomas of the prostate is by inva-
sion of prostatic stroma. Local spread beyond the 
confi nes of the prostate may occur. Metastases 
are to regional lymph nodes and bone.147 Bone 
metastases are osteolytic. These tumors are 
staged as urethral tumors.148 For tumors involv-
ing the prostatic ducts, there is a T1 category for 
invasion of subepithelial connective tissue that is 
distinct from invasion of prostatic stroma (T2). 
The prognostic importance of these categories 
has been confi rmed in clinical studies.142 The full 
range of histologic types and grades of urothelial 
neoplasia can be seen in primary and secondary 
urothelial neoplasms of the prostate.142

Small Cell Carcinoma

Small cell carcinomas of the prostate are histo-
logically identical with small cell carcinomas of 
the lung149,150 (see Fig. 3-9B). In approximately 
50% of the cases, the tumors are mixed small 
cell carcinoma and adenocarcinoma of the 
prostate. Neurosecretory granules have been 
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demonstrated within several prostatic small cell 
carcinomas. Using immunohistochemical tech-
niques, small cell components are negative for 
PSA and PAP. There are confl icting studies as 
to whether small cell carcinomas of the prostate 
are positive for thyroid transcription factor-1 
(TTF-1).

The average survival of patients with small 
cell carcinoma of the prostate is less than 1 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 com-
ponent within the course of prostatic adenocar-
cinoma usually indicates an aggressive terminal 
phase of the disease.

Sarcomatoid (Carcinosarcoma) Carcinoma

Considerable controversy exists in the literature 
regarding the nomenclature and histogenesis of 
sarcomatoid carcinomas (see Fig. 3-7C). In some 

series, carcinosarcoma and sarcomatoid carci-
noma are considered as separate entities based 
on the presence of specifi c mesenchymal 
elements in the former. However, given their 
otherwise similar clinicopathologic features 
and identically poor prognosis, these two lesions 
are best considered as one entity. Sarcomatoid 
carcinoma of the prostate is a rare neoplasm 
composed of both malignant epithelial and 
malignant spindle cell and/or mesenchymal 
elements.151–155 Sarcomatoid carcinoma may be 
present in the initial pathologic material (syn-
chronous presentation), or the patient may have 
a history of adenocarcinoma treated by radiation 
and/or hormonal therapy.156 Serum PSA is 
within normal limits in most cases. Nodal and 
distant organ metastases at diagnosis are 
common.152,156,157 The fi ve-year survival rate is 
less than 40%.152

The gross appearance of this malignancy often 
resembles sarcomas. Microscopically, sarcoma-
toid carcinoma is composed of a glandular 
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Figure 3-9. Unusual carcinoma of the prostate. A, Transitional cell carcinoma. B, Small cell carcinoma. 
C, Sarcomatoid carcinoma. D, Basal cell carcinoma.
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component showing variable Gleason score.152,157 
The sarcomatoid component often consists of a 
nonspecifi c malignant spindle cell proliferation. 
Among the specifi c mesenchymal elements that 
may be seen in these neoplasms are osteo-
sarcoma, chondrosarcoma, rhabdomyosarcoma, 
leiomyosarcoma, liposarcoma, angiosarcoma, 
and multiple types of heterologous differentia-
tion.152,156 Sarcomatoid carcinoma should be 
differentiated from the rare carcinoma with 
metaplastic, benign-appearing bone or cartilage 
in the stroma.

By immunohistochemistry, epithelial ele-
ments react with antibodies against PSA and/or 
pancytokeratins, whereas spindle cell elements 
react with markers of soft tissue tumors and 
variably express cytokeratins.

Basal Cell Carcinoma

Basal cell carcinomas are rare (see Fig. 3-9D). 
Basal cell carcinoma of the prostate includes 
malignant basaloid proliferations (basaloid carci-
nomas) and also neoplasms that resemble, to a 
certain degree, adenoid cystic carcinomas of the 
salivary glands.158–161 A large number of terms 
have been used for these neoplasms and related 
growths, such as adenoid basal cell tumor, 
adenoid cystic tumor, adenoid cystlike tumor, 
basal cell carcinoma, and adenoid basal prolifera-
tion of uncertain signifi cance. Some of these 
cases most likely represent adenoid cystlike 
hyperplasia. The diffi culty in classifi cation of 
these proliferations resides in the fact that they 
are rare, there is no agreement on histologic 
criteria, and follow-up is available for only a few 
cases. Histologic grading of basal cell carcinoma 
is generally not performed. Limited data on 
patient outcomes have revealed a few cancer-
specifi c deaths, indicating that basal cell carci-
noma of the prostate is a potentially aggressive 
neoplasm.

Grossly, the tumors were white and solid, 
sometimes with microcysts. Microscopically, 
several growth arrangements may be evident, 
including large basaloid nests with peripheral 
palisading and necrosis, a fl orid basal cell hyper-
plasia–like pattern, or an adenoid basal cell 
hyperplasia–like pattern (adenoid cystic 
carcinoma pattern). Infi ltrative permeation, 
extraprostatic extension, perineural invasion, 
necrosis, and stromal desmoplasia are character-
istics of basal cell carcinoma that can help in 

differentiating it from basal cell hyperplasia. The 
differential diagnosis of basal cell carcinoma also 
includes poorly differentiated prostatic adeno-
carcinoma and urothelial carcinoma. Poorly dif-
ferentiated adenocarcinoma may grow in solid 
nests as does basal cell carcinoma. Lack of immu-
noreactivity for p63 and 34βE12, however, is 
helpful in recognizing conventional adenocarci-
noma, although it has been reported that this 
tumor occasionally expresses p63. As with basal 
cell carcinoma, urothelial carcinoma may exhibit 
a solid growth pattern with peripheral palisading 
and central necrosis and may express high level 
of p63. However, urothelial carcinoma expresses 
CK20 and CK7. Basal cell carcinoma is positive 
for CK7 and negative for CK20.

Morphology of Prostate Cancer 
after Therapy

Radiation Therapy

Radiation therapy can be given as an external-
beam radiation, interstitial seed implants, or as 
a combination of the two. The histologic effects 
of these treatments on the cancer are identical 
(Fig. 3-10A). After radiation therapy, the 
prostate gland is usually small and hard. Radia-
tion therapy affects prostate cancer variably, 
with some glands showing marked radiation 
effect and others showing no evidence of radi-
ation damage.41,162,163 Architecturally, carcinoma 
showing radiation treatment effect typically 
loses the glandular pattern, resulting in clustered 
cells or individual cells. Cytologically, the cyto-
plasm of the tumor cells is pale, increased in 
volume, and often vacuolated. There is often a 
greater variation of nuclear size than in nonirra-
diated prostate cancer, and the nuclei may 
be pyknotic or large with clumped chromatin. 
Nucleoli are often lost.164–170 Paradoxically, the 
nuclear atypia in prostate carcinoma showing 
radiation effect is less than that seen in radiation 
atypia of benign glands. The stroma is often 
sclerosed, particularly after radioactive seed 
implantation. In the latter, the stromal hyalin-
ization is often sharply delineated. Biopsy fi nd-
ings may predict prognosis; positive biopsies 
without treatment effect have a worse outcome 
than negative biopsies, and cancer with treat-
ment effect has an intermediate prognosis.171 
Immunohistochemistry with antibodies against 
high-molecular-weight cytokeratin (34βE12) or 
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p63 is useful to distinguish cancer from benign 
glands with effects due to radiation therapy.

After radiation therapy, prostatic biopsy 
results should be categorized as no evidence of 
cancer, cancer showing no or minimal radiation 
effect, cancer showing signifi cant radiation 
effect, or a combination of these. Although 
various systems exist to grade radiation effects, 
these are not recommended for routine clinical 
practice.

Hormonal Therapy

Hormonal therapy results in a signifi cant overall 
reduction in the volume of prostate cancer com-
pared with untreated disease in radical prosta-
tectomy specimens from patients with clinically 
confi ned disease. In general, histologic response 
seems to correlate with the tumor patterns and 
the Gleason grades observed before the andro-
gen ablation therapy is initiated. Moreover, the 
morphologic changes following total androgen 
ablation are more pronounced than those seen 

after hormonal monotherapy (i.e., luteinizing 
hormone-releasing hormone analogue or antian-
drogen). Residual prostate cancer invading the 
prostatic capsule, peri-prostatic soft tissue, 
seminal vesicles, or metastasizing to pelvic lymph 
nodes shows therapy-induced changes similar to 
those of adenocarcinomas confi ned within the 
prostate gland.172–180

Treated tumors show neoplastic acini that 
appear shrunken (see Fig. 3-10B). Areas of indi-
vidual infi ltrating tumor cells separated by abun-
dant connective tissue and a decreased frequency 
of intraluminal crystalloids are seen. The epithe-
lial tumor cells show cytoplasmic clearing due 
to the coalescence of vacuoles and to overall 
cellular enlargement resulting from the altered 
permeability of ruptured cell membranes. The 
nuclear chromatin shows various changes, which 
range from a mild condensation that barely 
allows distinction between coarse chromatin 
granules (corresponding to heterochromatin) 
and fi nely dispersed chromatin (corresponding 
to euchromatin) to a tightly condensed state 
similar to that observed in apoptosis.181 As in 
treated PIN, apoptotic bodies are easily identifi -
able in all epithelial cell layers. Intraluminal 
macrophages and sloughed epithelial cells are 
also seen. The hallmark of untreated adenocar-
cinoma is the presence of tumor nuclei that are 
frequently multinucleolated, with the nucleoli 
being prominent (mean diameter 1.47 μm), 
marginated, and surrounded by perinuclear 
halos. In treated cases, the nucleoli become 
inconspicuous without margination and have a 
decreased mean diameter of 1.09 μm. The 
nucleolar diameter is below 1.0 μm in 20% of 
hormonally treated tumors.172 The treated 
tumors with pretherapy cribriform and solid/
trabecular patterns (primary Gleason grades 4 
and 5) show nuclear and cytoplasmic changes 
that are less pronounced than in the lower-
grade acinar patterns.

The post-therapy stroma displays reduced 
capillary vascularity, variable degrees of fi brosis, 
and variable densities of lymphocytic infi ltrates, 
which are often intermingled with mast cells, 
plasma cells, and eosinophils. Infi ltrates of foamy 
histiocytes, diffi cult to distinguish from prostate 
cancer cells with clear cytoplasm, are sometimes 
present.182

Periprostatic fi brosis, obscuring the normal 
cleavage plane and making surgical treatment 
more diffi cult, has been reported after hormonal 
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Figure 3-10. Prostatic adenocarcinoma after radiation 
therapy (A) and hormonal therapy (B).



Chapter 3 The Pathology of Prostate Cancer 63

therapy.183 The longer patients receive hormonal 
therapy before surgery, the more fi brosis is 
observed around the prostate. Currently, there 
are no detailed qualitative and quantitative his-
tologic studies on the degree of fi brosis and its 
specifi c location after hormone therapy. Based 
on a preliminary morphologic evaluation, it 
appears that there is an increased thickness of 
the fi brous connective tissue septa that usually 
traverse the adipose tissue surrounding the 
capsule. Foci in which the fatty tissue is totally 
obliterated by fi brous connective tissue are 
sometimes present laterally, posteriorly, and 
around the seminal vesicles. The possibility that 
this feature represents tumor-induced stroma in 
which cancer cells have regressed secondary to 
hormonal therapy cannot be excluded.

Because of therapy-induced morphologic 
changes, grading of residual prostate cancer 
based on standard Gleason criteria is not accu-
rate and is therefore discouraged.177 Confl icting 
evidence exists regarding pathologic downstag-
ing, with some studies suggesting benefi t and 
others asserting no benefi t of androgen manipu-
lation before radical prostatectomy.

Prognosis of Prostate Cancer

Prognostic factor assessment in a given cancer 
allows selection of an appropriate treatment 
plan. It allows for prediction of outcome in indi-
vidual patients and also prediction of general 
outcomes after a therapeutic intervention. Prog-
nostic factors are also important for education 
of patients and of caregivers.

In addition to providing important prognostic 
information, the surgical pathology report of a 
prostate needle biopsy with carcinoma has 
become critical in providing information that 
guides the subsequent management of the 
cancer. The surgical pathology report should 
thus be comprehensive, but succinct, and 
should provide relevant information in a con-
sistent fashion to urologists, radiation 
oncologists, oncologists and—ultimately—to the 
patient.184,185

Surgical pathology reports for radical prosta-
tectomy specimens should likewise include 
clinically relevant information derived from the 
macroscopic and microscopic examination of 
the radical prostatectomy and pelvic lymph 
node specimens. Separately, some other exten-
sively studied biologic and clinical factors, whose 

importance remains to be validated in statisti-
cally robust studies, may be recorded.

TNM Staging

Current recommended protocols for the patho-
logic examination of prostatectomy specimens 
advocate TNM Staging System of the American 
Joint Committee on Cancer (AJCC) and the 
International Union Against Cancer (UICC) for 
carcinoma of the prostate.148 Clinical staging 
(cTNM) is usually accomplished by the refer-
ring physician prior to treatment during the 
initial evaluation of the patient or when patho-
logic classifi cation is not possible. The prefi x 
symbol “p” refers to the pathologic TNM stage 
(pTNM), as opposed to the clinical stage “c.” 
Pathologic staging is based on the gross and 
microscopic examination of the prostate speci-
men. By AJCC/UICC convention, the designa-
tion “T” of the TNM classifi cation refers 
exclusively to the fi rst resection of a primary 
tumor. Therefore, pT is based either on a resec-
tion of the primary tumor or on a biopsy that is 
adequate to evaluate the highest pT category 
(e.g., a biopsy of the seminal vesicle or of peri-
prostatic adipose tissue). The pN stage requires 
removal of lymph node tissue adequate to vali-
date the presence or absence of a lymph node 
metastasis. The pM stage requires histologic 
documentation of metastatic prostate cancer 
at distant sites.

Residual tumor within a resection specimen 
after previous (neoadjuvant) treatment of any 
type (radiation therapy alone, chemotherapy 
alone, or any combined-modality treatment) is 
codifi ed by the TNM system using a prescript 
“y” to indicate the post-treatment status of the 
tumor (e.g., ypT1). The pathologic staging of 
residual disease may be a predictor of postopera-
tive outcome. In addition, the ypTNM system 
provides a standardized framework for the 
collection of data needed to accurately evaluate 
new neoadjuvant therapies. Tumor that is locally 
recurrent after a documented disease-free inter-
val following surgical resection is staged accord-
ing to the TNM categories but modifi ed with 
the prefi x “r” (e.g., rpT1).

The TNM staging system for prostate cancer 
was initially adopted for worldwide use in 1992, 
with subsequent revisions published in 1997 and 
2002. The 1997 revision merged palpable tumors 
occupying less than half a lobe with larger tumors 



Chapter 3 The Pathology of Prostate Cancer64

in a single lobe (formerly 1992 T2a and T2b) 
into a single category (T2a) and changed the T2b 
category to designate palpable tumors involving 
both lobes (formerly 1992 T2c). In 2002, the 
sixth edition of the AJCC staging system refuted 
the two-tiered classifi cation and reverted back 
to the three-tiered system for T2 cancers.148 In 
a series of 369 totally embedded, serially sec-
tioned, whole-mount radical prostatectomies, 
unilateral tumors histologically occupying more 
than half a single lobe (pT2b) were not identi-
fi ed.186 Thus, a true pT2b prostate cancer (based 
on the 2002 TNM staging criteria) probably 
does not exist.

Important staging parameters that can be 
easily assessed on examination of radical prosta-
tectomy specimens include extraprostatic exten-
sion (pT3a) (Fig. 3-11A). and seminal vesicle 
involvement (pT3b) (Fig. 3-11B). Histologi-
cally, the prostatic capsule is not well defi ned.187 
In areas, there may appear to be a fi brous or 
fi bromuscular band at the edge of the prostate; 
however, in other areas, normal prostatic glands 

extend out to the edge of the prostate without 
any appearance of a capsule. Because the pros-
tate lacks a discrete capsule, the term “extra-
prostatic extension” (EPE) has replaced “capsular 
penetration” to describe tumor that has extended 
out of the prostate into periprostatic soft 
tissue.188,189 Tumor abutting or admixed with fat 
constitutes extraprostatic extension. Extrapros-
tatic extension may also be reported when tumor 
involves perineural spaces in the neurovascular 
bundles, even in the absence of periprostatic fat 
involvement.

Diffi culty in diagnosing extraprostatic 
extension arises when tumor extends out of 
the prostatic gland and induces a dense desmo-
plastic response in the periprostatic adipose 
tissue.11,13,187,190,191 This is most commonly seen 
in prostatectomy specimens obtained after 
endocrine neoadjuvant therapy. Because of the 
desmoplastic response, it can be diffi cult to 
judge whether the tumor has extended out of 
the gland or is within the fi brous tissue of the 
prostate. The best way of assessing whether 
extraprostatic extension has occurred is to look 
at the adjacent edge of the prostate (where 
there is no tumor) on scanning magnifi cation and 
to follow the edge of the gland to the area in 
question to see whether the normal rounded 
contour of the gland has been retained or has 
been altered by a protuberance representing 
extension of tumor into the periprostatic tissue. 
A similar approach may be applied when assess-
ing extraprostatic extension in locations with 
little fat, such as the anterior prostate and 
bladder neck regions. In these locations, extra-
prostatic extension is diagnosed when the tumor 
extends beyond the confi nes of the normal 
glandular prostate. At the apex, tumor admixed 
with skeletal muscle elements does not consti-
tute extraprostatic extension.192

The degree of extraprostatic extension varies 
from only a few glands outside the prostate to 
more extensive extraprostatic spread. The 
amount of extraprostatic extension carries prog-
nostic importance. In a recent study, Sung 
et al.191 found that the radial distance of extra-
prostatic tumor measured by ocular micrometer 
is an independent prognostic factor for pT3 
prostate cancer. Two-year and 4-year PSA recur-
rence-free survival rates were 62% and 35%, 
respectively, for patients with radial distance of 
more than 0.75 mm, compared with 35% and 
18%, respectively, for those with radial distance 
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Figure 3–11. Staging of prostate cancer. 
A, Extraprostatic extension. B, Seminal vesicle invasion.
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of 0.75 mm. The added independent predictive 
knowledge regarding risk of PSA recurrence 
makes radial distance a potentially useful 
incorporation for future TNM staging systems 
to substage pT3a.191

Seminal vesicle invasion (SVI) is defi ned as 
cancer invading into the muscular coat of the 
seminal vesicle.193,194 Seminal vesicle invasion 
has been shown in numerous studies to be 
a signifi cant prognostic indicator.195–198 Three 
mechanisms by which prostate cancer invades 
the seminal vesicles were described by Ohori 
et al.194 as follows: (1) extension up the ejacula-
tory duct complex; (2) spread across the base of 
the prostate without other evidence of extra-
prostatic extension or involvement from tumor 
invading the seminal vesicles from the peripros-
tatic and periseminal vesicle adipose tissue; and 
(3) an isolated tumor deposit without continuity 
with the primary prostate cancer tumor focus.

In most cases, seminal vesicle invasion occurs 
in prostate cancers with extraprostatic exten-
sion; however, in a minority of cases, it cannot 
be documented. Of these patients with seminal 
vesicle invasion and without extraprostatic 
extension, many had only minimal involvement 
of the seminal vesicles by their cancer or had 
involvement of only the portion of the seminal 
vesicles that is at least partially intraprostatic. 
Patients in this category have been reported to 
have a favorable prognosis, similar to patients 
without seminal vesicle invasion.193

Routine biopsy sampling may occasionally 
contain extraprostatic fat or seminal vesicle 
tissue. If cancer is noted to involve these struc-
tures, the fi nding indicates pT3 disease. The 
presence of seminal vesicle invasion or extra-
prostatic fat involvement in the needle biopsy is 
highly correlative with similar fi ndings at radical 
prostatectomy. Extraprostatic fat invasion on 
needle biopsy is highly predictive of recurrence 
(79% recurrence rate, compared with a 43% 
failure rate in cases with extraprostatic exten-
sion not detected by needle biopsy). Fat is not 
present within the normal prostate.190 Hence, 
tumor in adipose tissue in a needle biopsy speci-
men can be safely interpreted as extraprostatic 
extension.190 Ganglion cells and skeletal muscle 
involvement by tumor are not equivalent to 
extraprostatic extension, since both may fre-
quently be found within the prostate.

In seminal vesicle or extraprostatic fat–
targeted biopsies, it is important not only to 

diagnose cancer, but also to determine whether or 
not the targeted tissue is represented. In a biopsy 
that is positive for carcinoma, if the intended 
tissue is not present and its absence is not speci-
fi ed in the report, then the likelihood of misinter-
pretation of cancer stage by the treating clinician 
is high. Distinction between the seminal vesicle 
epithelium and the ejaculatory duct epithelium 
may be impossible in limited biopsy specimens, 
although occasionally the seminal vesicle can be 
distinguished if its smooth muscle wall is present. 
In contrast, ejaculatory duct epithelium has a rim 
of fi brous tissue that is rich in thin blood vessels. 
If the distinction between seminal vesicle/ejacu-
latory duct tissue is not feasible, diagnostic termi-
nology such as “adenocarcinoma of the prostate 
with invasion of seminal vesicle/ejaculatory duct 
tissue” may be used. Seminal vesicle invasion 
in radical prostatectomy should demonstrate 
tumor within the muscular wall.

Cancer Grade

Gleason grading, both in needle biopsy and 
radical prostatectomy specimens, remains as one 
of the most signifi cant factors in the clinical 
decision-making process. The choice of radia-
tion therapy, radical prostatectomy, or other 
therapies is initially based on the Gleason score 
in the needle biopsy. In addition to helping 
guide treatment, the Gleason grade predicts 
pathologic stage, margin status, biochemical 
failure, local recurrences, lymph node metasta-
ses, disease progression, and distant metastasis 
after prostatectomy.2,7,9,91,98,163,199,200 In practice, 
Gleason scores of 7–10 are associated with 
worse prognoses, whereas Gleason scores of 5–6 
are associated with lower progression rates after 
therapy.82,83,201 In recent years, Gleason scores 
have been included in clinical nomograms, which 
are being used with increasing frequency to 
predict disease progression.3,88,202,203 A recent 
consensus conference organized by the members 
of the International Society of Urological Pathol-
ogy (ISUP) has dealt with the current applica-
tion of the Gleason system.78 The Gleason 
grading system is recommended as the interna-
tional standard for grading prostate cancer.204

Histologic Type

Since acinar adenocarcinoma makes up an over-
whelming majority of the histologic types of 
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cancer that may be found in prostate needle 
biopsy specimens, it is not necessary to specify 
such cancers as acinar or conventional type in 
pathology reports. Carcinomas of the prostate 
with architectural or cytologic variations, such 
as atrophic, pseudohyperplastic, and so on, are 
descriptive terms to describe variations in pros-
tate cancer to help pathologists recognize diag-
nostic pitfalls that have no known prognostic 
signifi cance. They may be commented on in a 
microscopic description but do not deserve 
specifi c mention in the fi nal diagnosis.

In recent years, many unusual histologic 
forms have been identifi ed, including ductal 
adenocarcinoma, mucinous adenocarcinoma, 
signet ring cell adenocarcinoma, adenosquamous 
carcinoma, small cell carcinoma, and sarcoma-
toid carcinoma. The biologic behavior of many 
of these variants may differ from typical adeno-
carcinoma, and proper clinical management 
depends on the accurate diagnosis of these neo-
plasms and their separation from tumors arising 
from extraprostatic sites. The former three 
diagnoses can be made only on examination of 
radical prostatectomy or transurethral resection 
specimens. If seen in needle biopsy specimens, 
the diagnostic terminology must be adenocarci-
noma of prostate with ductal features; adeno-
carcinoma of prostate with signet ring cell 
features; and adenocarcinoma of prostate with 
mucinous differentiation. Small cell carcinoma, 
sarcomatoid carcinoma, and adenosquamous 
carcinoma may be diagnosed on needle biopsies. 
No formal studies have demonstrated that these 
histologic variants, if found in needle biopsies, 
are of prognostic or predictive importance; 
however, the often-aggressive outcome associ-
ated with such tumors suggests the value of 
this exercise.

Volume of Cancer

Prostate Biopsy

The amount of tumor in prostate needle cores 
from biopsies is an important pathologic para-
meter that must be reported.205 The extent of 
involvement of needle cores by prostatic adeno-
carcinoma has been shown to correlate with 
Gleason score, with tumor volume, with surgical 
margin status, and with the pathologic stage in 
radical prostatectomy specimens96,206 The extent 
of needle core involvement, including bilateral 

involvement, has also been shown to predict 
recurrence, postprostatectomy progression, 
and unresponsiveness to radiation therapy 
in univariate and often in multivariate analy-
sis.96,206–208 It is a parameter included in some 
recent nomograms that were created to predict 
both radiation therapy failure and pathologic 
stage and seminal vesicle invasion after radical 
prostatectomy.206,207,209,210

The amount of cancer in a biopsy specimen 
depends on many factors, including prostate 
volume, cancer volume, cancer distribution, 
technical procedure, number of biopsy cores 
obtained, and the cohort of patients being eval-
uated. There is a lack of consensus in the litera-
ture as to the best method of reporting the 
extent of tumor involvement. The report should 
provide the number of involved cores and, if 
possible, should include the overall percentage 
of involvement in individual cores. In addition, 
one or both of the following more detailed 
methods of determining tumor extent should 
be performed: reporting the linear length of 
cancer in millimeters (e.g., total tumor length 
in all biopsies; longest single length of tumor)211 
or providing a percentage estimate of involve-
ment of each of the cores derived by visual 
estimation (e.g., overall percentage of cancer in 
all biopsies; percentage of each core involved; 
reporting the percentage of cancer involvement 
in increments of 5% or 10% is appropriate).212 
A problem with these otherwise straightforward 
methods occurs with extreme fragmentation of 
the needle biopsy specimen, making assessment 
of the number of cores and the percentage of 
cancer within each core diffi cult. Highly frag-
mented tissue may be overcome by providing a 
composite (global) percentage of involvement 
of cancer in all needle biopsy tissue, and this 
may be a slightly more accurate indicator of the 
amount of cancer in the prostate gland itself. 
Although a direct correlation exists between 
high tumor burden in needle biopsies and the 
likelihood of an adverse outcome, low tumor 
burden in needle biopsies is not necessarily an 
indicator of low-volume and low-stage cancer in 
the prostatectomy specimen.213

Bilateral cancer, which may indicate multi-
focality, is indirectly suggestive of greater 
tumor volume. This parameter is easily assessed 
since needle biopsies of each side are typically 
submitted as separate specimens. In patients not 
subsequently treated by radical prostatectomy, 
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this is a critical factor in assigning pathologic 
stage.

Radical Prostatectomy

A critical and controversial topic concerns 
whether tumor volume is an independent prog-
nostic parameter after controlling for other rou-
tinely assessed variables, such as Gleason grade 
and tumor stage. There is one situation in which 
it is important to give some estimate of tumor 
volume at radical prostatectomy. As a conse-
quence of screening for prostate cancer, we have 
seen an increase in the resection of prostates 
harboring so-called “clinically insignifi cant 
cancers.” The pathologist needs to specify in the 
pathology report that these tumors are “small” 
or “minute” (i.e., less than 0.5 mL) so that 
patients may understand that they are cured of 
their disease.214,215

A consensus for a standard method of volume 
determination has not yet been achieved. 
Volume is most precisely determined by ste-
reologic methods, using either planimetry or 
point counting based on overlaid grids.216,217 
However, the time and labor involved in these 
approaches will probably not lead to wide 
acceptance. In a recent study, maximum tumor 
diameter is a signifi cant predictor of biochemi-
cal recurrence and correlates with preoperative 
PSA, tumor volume measured by the grid 
method, Gleason score, and pathologic stage, 
and it predicts biochemical recurrence indepen-
dent of these parameters.218 Inclusion of 
maximum tumor diameter in surgical pathology 
reports for radical prostatectomies may be con-
sidered. It has been recommended that, at the 
very least, the proportion (percentage) of pros-
tatic tissue involved by tumor be included for 
all specimens,7 although its role as an indepen-
dent predictor of patient outcome has been 
questioned.219,220

More recently, Marks et al.221 found that the 
ratio of tumor positive tissue blocks to the total 
number of blocks submitted (positive-block 
ratio) can be used as an independent prognostic 
indicator for PSA recurrence. Using a multivari-
ate Cox regression model, controlling for patho-
logic stage, Gleason score, lymph node metastasis, 
and surgical margin status, positive-block ratio 
was an independent predictor of PSA recur-
rence. This simple method of tumor measure-
ment appears to be promising for quantifying 

tumor volume and could be used with ease in 
all pathology practices.221

Positive Surgical Margins in 
Radical Prostatectomy

Patients with positive surgical margins have a 
signifi cantly increased risk of progression com-
pared with those with negative margins.11,13,222

Surgical margins are inked during the gross dis-
section of the radical prostatectomy specimen 
to facilitate the microscopic assessment of these 
margins. Surgical margins should be designated 
as “negative” if tumor is not present at the inked 
margin or as “positive” if tumor cells touch the 
ink at the margin11,13 (Fig. 3-12A). Positive 
surgical margins should not be interpreted as 
extraprostatic extension.11,13,219,223 If the surgical 
margin is positive, the pathologist should state 
this explicitly, although this fi nding is not relied 
on for pathologic staging. The examining pathol-
ogist should be aware of false-positive margins 
due to the penetration of ink into cracks that 
may be present on the external surface. The 
main causes for diffi culty in assessing margins 
include situations in which cancer is very close 
to, but not clearly touching, the inked margins.

The specifi c locations of positive margins 
should be documented, and there should be 
some indication (e.g., number of positive blocks, 
linear extent in millimeters) of the extent of 
margin positivity, although a recent study did 
not fi nd the signifi cance of linear extent of 
margin positivity.224 The apex should be closely 
examined because of its unusual susceptibility 
to positive margins.

Although margin positivity does not directly 
impact the TNM staging system, there are situ-
ations in which this variable does infl uence the 
pathologic stage as determined by the patholo-
gist. For example, there is no full consensus on 
the defi nition of the “T” category in situations 
in which the prostate base/bladder neck is 
involved and the margin is positive. This problem 
is linked to the fact that the basal prostatic 
stroma blends imperceptibly into the bladder 
neck musculature and therefore is linked to the 
diffi culty in defi ning the exact transition point 
from prostate base to bladder neck, even though 
the latter is composed of distinct large bundles 
of smooth muscle fi bers. Microscopic involve-
ment of bladder neck muscle fi bers in radical 
prostatectomy specimens should be defi ned as 
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Tumor remaining in a patient after therapy 
with curative intent (e.g., surgical resection) is 
categorized by a system known as “R” classifi ca-
tion. This classifi cation may be used by the 
surgeon to indicate the known or assumed 
status of the completeness of the surgical resec-
tion. For the pathologist, the R classifi cation 
is relevant only to the margins of surgical resec-
tion specimens; patients with tumor involving 
the resection margins on pathologic examination 
may be assumed to have residual tumor. 
Such patients may be classifi ed according to 
whether the involvement is macroscopic or 
microscopic.

The pathology report may also indicate the 
presence of normal prostate tissue at the surgical 
resection margin. This might help the urologist 
explain why the serum PSA in patients with 
such a feature remains detectable after radical 
prostatectomy. Thus, a detectable postoperative 
serum PSA value (especially when values are 
very low) is not always linked to tumor recur-
rence and persistence but to incomplete resec-
tion of the prostate gland. The most common 
location of benign prostatic glandular tissue at 
the surgical margin was the apex.228 It was 
uncommon in the anterior or posterior prostate. 
In that study, the presence of benign prostatic 
epithelial tissue at the inked surgical margins 
was not associated with postoperative PSA 
recurrence.228

Perineural Invasion

Prostate Biopsy

Perineural invasion is one of the major mecha-
nisms by which prostate cancer spreads out of 
the gland. Perineural, circumferential, or intra-
neural invasion is defi ned as the presence of 
prostate cancer juxtaposed intimately along, 
around, or within a nerve (see Fig. 3-12B). 
Other descriptors of perineural invasion that 
may strengthen the prognostic signifi cance of 
this parameter include extensive (multifocal) 
perineural invasion and perineural invasion 
involving a greater nerve diameter.229 Involve-
ment of nerves within adipose tissue (extrapros-
tatic nerves) by cancer indicates extraprostatic 
extension and deserves notation in the pathol-
ogy report when present.

Although perineural invasion in needle biopsy 
specimens is not an independent predictor of 
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Figure 3-12. Morphologic prognostic factors. 
A, Positive surgical margins. B, Perineural invasion. 
C, Lymphovascular invasion.

pT4.225 Other researchers226 believe that gross 
involvement of the bladder neck must be present 
to warrant a pT4 stage and that microscopic 
involvement of bladder neck muscle fi bers, by 
itself, should not be equated with a pT4 designa-
tion. Poulos et al.227 found that bladder neck 
involvement is an independent predictor of 
patient outcome.
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prognosis when the Gleason score, serum PSA, 
and extent of cancer are considered, most 
studies indicate that its presence correlates with 
extraprostatic extension (38–93%).230–232 Recent 
data suggest that this fi nding may independently 
predict lymph node metastasis and postsurgical 
progression.231,233 The presence or absence of 
perineural invasion on needle biopsy may also be 
important in planning nerve-sparing surgery.234 
Some of the data from the radiation oncology 
literature suggest that perineural invasion is an 
independent risk factor for predicting adverse 
outcome after external-beam radiation therapy. 
Therefore, in patients with high Gleason score 
and perineural invasion, adjuvant hormonal 
therapy or dose escalation has been 
advocated.231,235

Radical Prostatectomy

Perineural invasion is almost ubiquitously 
present in radical prostatectomy specimens,236 
and pathologists may not document it within 
radical prostatectomy pathology reports. As 
with all other parameters, the key question is 
whether the presence of perineural (intrapros-
tatic) invasion in the prostatectomy specimen is 
an independent predictor of outcome. At this 
time, it is not entirely clear whether there are 
differences in prognosis between patients with 
intraprostatic and extraprostatic perineural 
invasion.7

Vascular/Lymphatic Invasion

Microvascular invasion consists of tumor cells 
within endothelial-lined spaces (see Fig. 3-12C). 
A cellular reaction in the adjacent stroma is not 
required for diagnosis. Also, pathologists do not 
differentiate between vascular and lymphatic 
channels because of the diffi culty and lack of 
reproducibility of such a distinction by routine 
light microscopic examination.237 Microvascular 
invasion may be confused with fi xation-
associated retraction artifact of acini. Immuno-
histochemical stains directed against endothelial 
cells such as factor VIII-related antigen, Ulex 
europaeus, CD31, or CD34 may aid in the 
detection of lymphovascular invasion.237

Since lymphovascular invasion, as studied in 
radical prostatectomy specimens, correlates 
with lymph node metastasis, biochemical recur-
rence, distant metastasis, and cancer death,10 its 

presence in the needle biopsy is likely to have 
similar correlations. However, this feature is 
very rarely seen in needle biopsy specimens and 
should be mentioned in the report only if 
identifi ed.238,239

By AJCC/UICC criteria, vessel invasion 
(lymphatic or venous) does not affect the T 
category (indicating local extent of tumor) in 
prostate cancer staging, unlike the staging of 
tumors from some other organs. Lymphatic and 
venous invasion by tumor are coded separately. 
The TNM system uses the categories “L” and 
“V” to indicate the presence of lymphatic or 
venous invasion. Most of the time when vascular 
invasion is noted, it is present in tumors with 
fairly advanced pathology.

Pelvic Lymph Node Assessment

The adverse prognosis associated with meta-
static disease in the pelvic lymph nodes is uni-
versally accepted. The incidence of pelvic lymph 
node metastases at the time of radical prostatec-
tomy has decreased over the last couple of 
decades.192 As a consequence of this declin-
ing incidence, concerns have been raised as to 
whether pelvic lymphadenectomy is necessary 
in all patients, especially those with a low risk 
of having positive lymph nodes as determined 
by preoperative clinicopathologic fi ndings. The 
major factor contributing to this decreased inci-
dence of regional lymph node metastasis is the 
widespread use of serum PSA testing, which, in 
turn, leads to both better patient selection as to 
who is a good candidate for surgery and to the 
earlier detection of prostate cancer.

The handling of lymphadenectomy speci-
mens at the time of surgery is controversial and 
depends on the philosophy of the urologist. 
Some urologists abort the radical prostatectomy 
in patients with positive lymph nodes identifi ed 
by frozen section at the time of surgery since 
surgery will not be curative. Other urologists 
proceed with radical prostatectomy when posi-
tive lymph nodes are found intraoperatively, as 
long as patients are projected to have a long 
survival and might benefi t in terms of local 
control. The pathologist should try to optimize 
the identifi cation of metastatic disease at the 
time of frozen section. It is not practical to 
freeze all the pelvic lymph nodes, especially 
given the low likelihood of fi nding metastatic 
disease even on permanent sections. A more 
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reasonable approach would be to identify clini-
cal parameters preoperatively that are associated 
with such a low risk of lymph node metastases 
that frozen sections need not be performed.

In many incidences, the only lymph node 
metastasis that is present is located within a 
small lymph node that is not grossly recognized. 
All the adipose tissue from the pelvic lymphad-
enectomy specimens should be carefully 
searched. The detection of pelvic lymph node 
metastases may be enhanced through special 
techniques. In particular, micrometastases can 
be immunohistochemically detected using a 
cocktail of antibodies to keratin.

The metastatic tumor volume in lymph nodes 
is an important prognostic factor and should be 
documented by the pathologist.200,240,241 Several 
parameters should be mentioned in the pathol-
ogy reports including the number of positive 
nodes, the number of lymph nodes sampled, 
the largest dimension of tumor metastasis, and 
extranodal extension.

Atypical Small Acinar Proliferation, 
Suspicious for But Not Diagnostic 
of Malignancy

Terminology, such as “atypical small acinar pro-
liferation [ASAP] suspicious for but not diag-
nostic of malignancy,” also referred to as atypical 
focus suspicious for but not diagnostic of malig-
nancy, is used to render a descriptive diagnosis 
for a needle biopsy containing a small group of 
glands that are suspicious for adenocarcinoma, 
but which lack suffi cient cytologic and/or 
architectural atypia to establish a defi nitive diag-
nosis.2,6,201,242–245 Thus, this is descriptive termi-
nology meant to convey diagnostic uncertainty. 
It is a broad diagnostic “umbrella” or category 
that encompasses benign lesions mimicking 
malignant glandular proliferations and unders-
ampled, small foci of carcinoma that harbor 
some of the features needed for a defi nitive 
diagnosis of malignancy.2 This term does not 
represent a specifi c diagnostic entity and should 
not be interpreted as a condition synonymous 
with high-grade prostatic intraepithelial neopla-
sia (HGPIN).

Incidence and Clinical Features

Approximately 5% of needle biopsies are 
diagnosed as atypical focus suspicious for but 

not diagnostic of malignancy (range 0.7% to 
23.4%).242,246–248 No clinical features are con-
tributory to or predictive of atypical small 
acinar proliferations suspicious for malig-
nancy.242,244–247,249–251 Ages range from 40 to 95, 
with a mean patient age in the seventh decade. 
These men are typically biopsied to rule out 
prostate cancer after either an elevated serum 
PSA or after an abnormal digital rectal examina-
tion. The median PSA level is usually only mod-
estly elevated, ranging from 6 to 8 ng/mL, but 
very high PSA levels (greater than 50 ng/mL) 
have been seen. Only few transrectal ultrasound 
results have been reported.246

Diagnosis

This noncommittal category encompasses a 
variety of lesions including benign mimickers of 
cancer and small foci of adenocarcinoma, which, 
for a variety of reasons, cannot be accurately 
diagnosed252 (Fig. 3-13). These lesions may be 
composed of acini of small size, that is, smaller 
than normal ducts and acini, but may also include 
glands with a diameter similar to that of normal 
ducts and acini.2

Benign lesions that are considered to be prob-
lematic and that may mimic malignant glandular 
proliferations have changed over the years. In 
the past, seminal vesicle tissue was considered 
one of the common mimickers of adenocarci-
noma of the prostate.253 Adenosis and complete 
atrophy have also been found to be common 
problems in previous years.254 Currently, partial 
atrophy is one of the most common benign 
mimickers of cancer.255 In part, the atypical 
diagnoses that may result from the evaluation of 

Figure 3-13. Atypical small acinar proliferation (ASAP), 
suggestive of but not diagnostic of malignancy.
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partial atrophy are related to negative immuno-
staining for high-molecular-weight cytokeratin 
and for p63 and to positive immunostaining for 
AMACR (see section that follows).

Other factors that may prevent a defi nitive 
diagnosis of carcinoma on needle biopsy include 
marginal or imperfect sampling of the tumor. 
This results in a biopsy with an atypical or sus-
picious focus that is very small and that con-
tains only a small number of acini. In some 
cases, the atypical focus is present only at the 
edge of the core or at its tip, where infi ltration 
between benign acini cannot be appreciated. In 
these cases, if the glands do not show promi-
nent cytologic and architectural atypia, a defi -
nite diagnosis of cancer may not be possible. 
Mechanical distortion from the needle biopsy 
can result in crush artifact of a few atypical 
glands and obscure cytologic detail. Problems 
with fi xation and processing, especially with 
sections that are too thick or overstained, can 
also prevent defi nitive diagnosis because of poor 
histologic detail. Prominent atrophy in or near 
a small focus of cancer confounds this diagnos-
tic diffi culty.

Another factor that may hamper accurate 
interpretation is the fact that not all cancers 
display the classic features of malignancy. The 
absence of convincing cytologic features of 
malignancy and/or a clustered growth pattern 
can prevent a defi nite diagnosis in some cases. 
Prominent infl ammatory changes are common 
and can obscure the cytologic features of a 
small focus of carcinoma. In addition, it can 
be diffi cult to differentiate malignant features 
from the reactive changes and distortion that 
may occur in benign glands as a result of 
infl ammation.252

The combination of HGPIN and atypical 
small acinar proliferation suspicious for malig-
nancy is found in 16% to 31% of cases.242,245,256 
This combination may be seen in two distinct 
patterns.243 There may be discrete and discon-
tinuous foci of HGPIN and atypical foci suspi-
cious for but not diagnostic of malignancy. 
Alternatively, the two lesions may coexist when 
there is defi nite HGPIN but when one cannot 
distinguish small outpouchings or tangential sec-
tions of the HGPIN from carcinoma associated 
with the HGPIN.257 In addition to these two 
scenarios, HGPIN may involve small acini and 
thus may be diffi cult to distinguish from invasive 
cancer.258

Immunohistochemical Findings

Basal Cell Immunostains. Immunohisto-
chemical stains, such as p63 (nuclear stain)259 
and high-molecular-weight cytokeratin that is 
detected by the antibody 34βE12 (cytoplasmic 
stain)260 can aid in the investigation of atypical 
glandular proliferations by staining basal cells. 
Cancer lacks a basal cell layer, so the presence 
of basal cells in an atypical focus effectively 
excludes cancer from consideration. Conversely, 
the absence of a basal cell layer in a small focus 
that is highly suspicious for cancer supports the 
diagnosis of cancer. However, negative staining 
for basal cell markers is, by itself, not diagnostic 
of cancer. False-negative staining can arise from 
technical problems, including tissue changes 
induced by the surgical procedure (e.g., cautery 
artifact with transurethral resection of the pros-
tate), imperfect specimen fi xation, and varia-
tions in processing and antigen retrieval.261 
Negative staining should be interpreted only 
when there is confi rmatory positive staining in 
adjacent benign glands. Staining variability with 
negative staining of benign glands, including 
glands displaying atrophy and infl ammation-
associated changes, has also been reported.43 
Some benign lesions may have negative or dis-
continuous staining with basal cell markers.262 
In particular, fully developed atrophy typically 
stains fairly uniformly and intensely with basal 
cell markers, whereas partial atrophy often has 
negative or discontinuous staining with these 
markers.255 The combination of two specifi c 
basal cell stains (34βE12 and p63) increases the 
sensitivity of basal cell detection compared with 
using either marker alone.263,264 However, even 
with the combination of these markers, certain 
benign conditions and mimickers of cancer have 
cells that fail to react with these immunohisto-
chemical stains.

a-Methylacyl CoA Racemase. Racemase 
(AMACR) immunoreactivity converted diagno-
ses of atypical foci to diagnoses of cancer in 
approximately 10% of cases.265 The addition of 
anti-racemase antibodies to those of anti-keratin 
34βE12 may allow a cancer diagnosis to be 
rendered in approximately 30% of cases that 
might previously have been called atypical focus 
or HGPIN.252 Use of a p63/racemase cocktail 
resolved 87% of cases with more diagnosed as 
cancer than as benign.245,266,267
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Clinical Signifi cance

Predictive Value for Subsequent Cancer. 
The incidences of detecting carcinoma on repeat 
needle biopsy after a diagnosis of isolated atypi-
cal foci in the initial biopsy ranged from 17% 
to 60%, with the mean value approximately 
41%.242,244,245,247–251,267–273 A decrease in the pre-
dictive value for a subsequent cancer diagnosis 
has been claimed in some recent series.245,269 For 
instance, Schlesinger et al.245 found that isolated 
atypical foci have a predictive value of 37% for 
cancer; this is only a slight decrease from the 
45% predictive value observed between 1989 
and 1996. Various explanations have been 
offered to explain such an observation, such as 
the use of extended biopsy techniques, advances 
in immunostaining, and previous PSA testing; 
moreover, multiple biopsies from the same 
patient have been reported.245,269

Attempts have been made to place atypical 
small acinar proliferations into three tiers, such 
as “favor benign,” “uncertain” (or equivocal), 
and “favor carcinoma” (highly suspicious).244,249,250 
Such stratifi cation has not been shown to signi-
fi cantly infl uence the risk of subsequent detec-
tion of carcinoma on repeat biopsy. Even when 
a benign diagnosis is favored, up to 44% of 
patients (range 20–44%) were diagnosed with 
carcinoma on repeat biopsy.244,249,250,274,275 This 
three-tier stratifi cation offers low reproducibil-
ity with 63% interobserver agreement in one 
study.250,276

Associated clinical parameters in patients 
with diagnoses of atypical small acinar prolifera-
tions have limited value in predicting the pres-
ence of cancer on repeat biopsy.277 Initial mean 
PSA concentrations were higher in those with 
malignant cells present in subsequent biopsies 
than in those whose repeat biopsies were nega-
tive for malignancy. Park et al.251 reported that 
digital rectal examination and patient age were 
independent predictors of cancer in 45 patients 
with “atypia” on needle biopsy; however, other 
studies have found that serum PSA and digital 
rectal examination fi ndings are not predictive of 
cancer on subsequent biopsy.245,267,278

The mean cancer detection rate on repeat 
biopsy in patients who have both an atypical 
focus and HGPIN is 53%, which is signifi cantly 
higher than that seen with patients having only 
an isolated atypical focus.103 Leite et al.278 
observed a high percentage of prostate cancer 

(72.5%) in men with initial biopsies demonstrat-
ing HGPIN associated with an atypical focus. 
Scattoni et al.267 observed adenocarcinoma in 
58% of repeat biopsies from patients with both 
lesions on initial biopsy, whereas cancer was 
present in only 35% of repeat biopsies from 
patients with isolated atypical foci in the initial 
biopsy. These fi gures are similar to those 
reported by Kronz et al.,257 who found that 
HGPIN with adjacent small atypical glands on 
prostate biopsy had a 46% follow-up cancer 
detection rate. By contrast, Schlesinger et al.245 
reported that atypical small acinar proliferations 
associated with HGPIN predicted cancer in 
33% of the cases, slightly lower than the reported 
predictive value for atypical small acinar prolif-
erations alone (37%). Of particular interest is 
the unique observation by Brausi et al.,273 who 
found cancer in 100% of 25 patients with 
isolated atypical small acinar proliferations 
suspicious for malignancy who underwent pros-
tatectomy. This led these authors to suggest that 
immediate surgery was the treatment of choice 
for young patients with atypical small acinar 
proliferations suggestive of malignancy.

Adenocarcinomas that are found on repeat 
biopsy are mainly of intermediate grade, with 
Gleason scores of 5 and 6; however, 30% are high 
grade with Gleason scores of 7 to 10.249,250

Re-Biopsy Strategy

Given the documented high risk of cancer in 
patients with atypical foci suspicious for but not 
diagnostic of malignancy, it is reasonable to con-
sider re-biopsy within 3 to 4 months after an 
initial biopsy observation of atypical glands. 
Most carcinomas on repeat biopsy are found 
within 6 months.249,250

It seems logical that focusing on sites with 
documented atypical foci will provide a greater 
diagnostic yield for malignancy on repeat biopsy. 
However, the best re-biopsy strategy is contro-
versial. Some authors recommend a sextant 
biopsy technique and additional biopsies directed 
to the site of the atypical glands or to the ipsi-
lateral site.249 Allen et al.279 found that 85% of 
all cancers detected on repeat biopsy exist either 
in the same sextant, adjacent ipsilateral, or adja-
cent contralateral sextant biopsies as the initial 
atypical focus. Thus, they suggest a re-biopsying 
strategy to include not just the initial atypical 
site but also adjacent ipsilateral and contralateral 
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sites. The researchers recommend obtaining 
several cores from the atypical location, two 
cores each from adjacent locations, and one each 
from other sextant locations. Park et al.251 cal-
culated signifi cantly increased odds of fi nding 
cancer at the same site of the initial atypical 
prostate biopsy: 65% probability, which increases 
to 88% when including adjacent sites. On a mul-
tisite scheme study, Scattoni et al.267 found 
precise spatial concordance between atypical 
small acinar proliferations and cancer in only 
33% of the cases, similar to the likelihood 
of fi nding cancer in an adjacent site or in a 
nonadjacent site.

A second diagnosis of an atypical focus on 
repeat biopsy is seen in about 6% of cases. These 
patients probably should undergo a second re-
biopsy. Consideration for additional re-biopsy 
sessions should also be based on clinical fi ndings 
(serum PSA and digital rectal examination 
results) and clinical judgment.244,247,249,280

High-Grade Prostatic 
Intraepithelial Neoplasia

Prostatic intraepithelial neoplasia (PIN) is a neo-
plastic transformation of the secretory epithelial 
lining of prostatic ducts and acini. This process 
is confi ned within the epithelium and is thus 
“intraepithelial.” Initially, PIN was divided into 
three grades.281 Subsequently, it has been rec-
ommended that the classifi cation should be sim-
plifi ed into a two-tier system: low grade (previous 
grade I) and high grade (previous grades II and 
III).282 The prevalence of this neoplastic process 
increases with age. HGPIN shows a strong asso-
ciation with cancer in terms of coexistence 
within the same gland and in the same spatial 
distribution.283 Reported incidence of HGPIN 
in needle biopsies of the prostate was 4% to 6%.5 
The Japanese and European literatures report a 
slightly lower frequency. Sixteen percent to 
31% of cases of HGPIN are associated with 
atypical foci of glands suspicious for malig-
nancy.243,268 HGPIN is relatively uncommon in 
transurethral resection of the prostate (TURP) 
specimens with two studies reporting an inci-
dence of 2.3% and 2.8%, respectively.284,285

The prevalence of HGPIN in radical prosta-
tectomy specimens removed for prostate cancer 
is remarkably high (85–100%), refl ecting the 
strong association between this lesion and pros-
tate cancer.5 HGPIN was present in 82% of 

step-sectioned autopsy prostates with cancer, 
but only in 43% of benign prostates from patients 
of similar age.281 Qian et al.286 found that 86% 
of whole-mount radical prostatectomy speci-
mens with cancer contained HGPIN, usually 
within 2 mm of the cancer. The extent of 
HGPIN in prostates with cancer is also increased 
compared with those without cancer. HGPIN is 
more extensive in small cancers than in larger 
cancers, presumably because of “overgrowth” or 
obliteration of HGPIN by larger cancers.

The predominant location of HGPIN is the 
peripheral zone of the prostate, which is also the 
location in which most cancers arise. The major-
ity of HGPIN foci are exclusively in the periph-
eral zone (or nontransition zone; in one study, 
63% of the cases) or simultaneously in the 
peripheral and transition zones (36%); only rare 
cases (1%) are exclusively in the transition 
zone.287 Other authors have reported a higher 
percentage of HGPIN in the transition zone, 
with a range of 2% to 37% of cases.285 Kovi 
et al.288 reported the highest frequency of 
involvement of the transition zone (37%) in 
prostatectomies with cancer, whereas they 
found a signifi cantly lower percentage in studies 
of TURP specimens. HGPIN and cancer are 
usually multicentric.286 HGPIN is multicentric 
in 72% of radical prostatectomies with cancer, 
including 63% of those involving the nontransi-
tion zone and 7% of those involving the transi-
tion zone. Two percent of cases have separate 
foci of HGPIN in all zones.

Treatment is currently not indicated after a 
needle biopsy diagnosis of HGPIN. In particular, 
prophylactic radical prostatectomy or radiation 
is not acceptable for patients who have HGPIN 
only.5 Patients with isolated HGPIN in needle 
biopsy may be considered for enrollment into 
clinical trials with a chemoprevention agent.5

Diagnosis

The classifi cation of PIN into low-grade and 
high-grade categories is based on the cytologic 
characteristics of the secretory cells. The nuclei 
of cells composing low-grade PIN (LGPIN) are 
enlarged, vary in size, have normal or slightly 
increased chromatin content, and possess small 
or inconspicuous nucleoli. High-grade PIN 
(HGPIN), by contrast, is characterized by cells 
with large nuclei of relatively uniform size, 
having increased chromatin content (which may 
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be irregularly distributed) and prominent nucle-
oli that are similar to those of carcinoma cells. 
Similar to adenocarcinoma, the cytoplasm in 
most cases of HGPIN is immunoreactive with 
an antibody directed against α-methylacyl-CoA 
racemase. The basal cell layer, as best demon-
strated with immunohistochemical techniques 
(antibodies directed against the nuclear p63 
protein and against the cytoplasmic high-
molecular-weight cytokeratin 34βE12), is intact 
or rarely interrupted in LGPIN, but may have 
frequent disruptions in HGPIN.

There is an inversion of the normal orienta-
tion of epithelial proliferation in HGPIN lesions. 
Proliferation (evaluated immunohistochemically 
with the Ki-67 antibody) occurs in the basal cell 
compartment in benign epithelium; however, in 
HGPIN, epithelial proliferation predominantly 
occurs on the luminal side of the ducts and 
acini.287,289

Early stromal invasion, which represents the 
earliest evidence of carcinoma, occurs in HGPIN 

at sites of acinar outpouching and basal cell dis-
ruption. This is present in about 2% of HGPIN 
lesions and is seen just as frequently in all archi-
tectural patterns287,289 (see text that follows). 
Foci of HGPIN in association with small cancers 
are lined by a crowded and pseudostratifi ed epi-
thelium, in contrast to the simple columnar or 
cuboidal lining of the malignant acini. In some 
cases, a small tubular malignant acinus appears 
to originate abruptly from a dysplastic duct 
wall.287,289

Architectural Patterns and Variants

Although the cytologic features of low-grade 
and high-grade PIN are fairly constant, the 
architecture is variable with a spectrum ranging 
from a fl attened epithelium to a fl orid cribri-
form proliferation. There are four main patterns 
of HGPIN: tufting, micropapillary, cribriform, 
and fl at290 (Fig. 3-14). Although most cases have 
multiple patterns, the tufting pattern is the most 
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Figure 3-14. Different patterns of high-grade prostatic intraepithelial neoplasia (HGPIN). A, Micropapillary 
pattern. B, Cribriform pattern. C, Tufting. D, Flat.
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common, being present in 97% of cases. No 
known clinically signifi cant differences have 
been found among the architectural patterns 
of HGPIN. Their recognition appears to be only 
of interest diagnostically.

Other less common variants of HGPIN 
include lesions with signet ring cells, small cell 
neuroendocrine differentiation, mucinous fea-
tures, foamy cytoplasm, inverted pattern, and/
or squamous differentiation. The presence of 
HGPIN with various histologic patterns pro-
vides additional support for the close relation-
ship between HGPIN and the multiple variants 
of invasive prostate carcinoma.

Differential Diagnosis

The differential diagnosis of HGPIN includes 
several benign and malignant lesions. The former 
include atypia induced by infl ammation, infarc-
tion, radiation, transitional cell metaplasia, basal 
cell hyperplasia with or without atypia, clear cell 
cribriform hyperplasia, and normal ejaculatory 
duct and seminal vesicle epithelium. Malignant 
lesions to be distinguished from HGPIN include 
transitional cell carcinoma involving prostatic 
ducts and acini and cribriform acinar and cribri-
form ductal carcinomas. Transitional cell carci-
nomas involving ducts and acini are usually 
high-grade tumors with signifi cant cellular pleo-
morphism, numerous mitoses, and occasional 
foci of comedonecrosis. Immunoreactivity for 
PSA and prostatic acid phosphatase is not 
observed.

HGPIN Morphology after Treatment

Androgen Deprivation Therapy

There is a marked decrease in the prevalence 
and extent of PIN in patients after androgen 
deprivation therapy compared with untreated 
patients. The cellular changes in HGPIN that 
result from this therapy are similar to those seen 
in adenocarcinomas following endocrine therapy. 
The loss of epithelial cells with androgen depri-
vation is due to acceleration of apoptosis.287,291 
Blockade of 5α-reductase with drugs such as 
fi nasteride appears to induce little morphologic 
changes on HGPIN, unlike with other forms 
of androgen deprivation therapy. The incidence 
of PIN was unchanged in one study after 1 
year of treatment with fi nasteride.292

Radiation Therapy

After radiation therapy, PIN retains the features 
characteristic of untreated HGPIN and is readily 
recognized in tissue specimens.162 The most 
common patterns of PIN seen after radiation 
therapy are tufting and micropapillary patterns, 
similar to those most commonly seen in 
untreated patients. The prevalence and extent 
of HGPIN are decreased with radiation 
therapy.

Isolated HGPIN in Prostate Needle Biopsy

HGPIN does not result in any abnormalities on 
digital rectal examination. HGPIN may be indis-
tinguishable from cancer on transrectal ultra-
sound examination, in which it appears as a 
hypoechoic lesion.5 HGPIN by itself does not 
appear to elevate serum pPSA levels.

On repeat biopsy, the cancer detection rate 
is about 20% after an initial diagnosis of benign 
prostatic tissue and 16% after an initial diagnosis 
of LGPIN.274 In the past, the mean incidence of 
carcinoma detection on re-biopsy after a diagno-
sis of HGPIN in needle biopsy tissue was about 
36%.245,270,293 In recent years, a signifi cant decline 
in the predictive value of cancer after an initial 
diagnosis of HGPIN has been observed.243,245 
According to Epstein and Herawi,243 the median 
risk of cancer on a subsequent biopsy after a 
diagnosis of HGPIN is 24.1%, which is not 
much higher than the risk reported in the litera-
ture for repeat biopsy following a benign diag-
nosis. A slightly lower (weighted average) value 
(21%) was observed by Schlesinger et al.245 This 
recent trend toward lower cancer detection 
rates after a diagnosis of HGPIN may be attrib-
utable to stage migration, to lower cancer 
volumes in highly screened populations, to more 
extensive tissue sampling, and to the use of new 
biopsy strategies with the addition of more 
lateral biopsies.5 These fi ndings may have impli-
cations in designing follow-up regimens for 
patients with an isolated diagnosis of HGPIN. 
Other factors, such as patient age, family history 
of prostate cancer, serum PSA levels, and digital 
rectal examination fi ndings should be consid-
ered in clinical management.

There are two situations in which isolated 
HGPIN can still show a high predictive value for 
carcinoma in repeat biopsy. A combination of 
HGPIN and adjacent atypical glands confers a 
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higher risk for subsequent diagnosis of carcinoma 
compared with HGPIN alone, averaging a 53% 
detection rate on repeat biopsy.243,245,268,294 Also, 
when there is plurifocality of HGPIN,295–297 the 
cancer detection rate on repeat biopsy has been 
shown in some studies to be signifi cantly greater 
than in patients with monofocal HGPIN. By 
contrast, Naya et al.295 demonstrated that the 
number of biopsy specimens positive for HGPIN 
on initial biopsy was not associated with an 
increased likelihood of prostate cancer on repeat 
biopsy.295

Re-Biopsy Strategy

Current standards of care recommend that 
patients with isolated HGPIN be re-biopsied at 
0- to 6-month intervals for 2 years, regardless of 
the serum PSA level and digital rectal examina-
tion fi ndings, and thereafter at 12-month inter-
vals for life. However, this recommendation 
may change with emerging data indicating a 
lower risk of prostate carcinoma following a 
needle biopsy showing HGPIN.5 It is not clear 
whether serum PSA and digital rectal examina-
tion fi ndings provide additional information 
regarding the likelihood of fi nding carcinoma on 
re-biopsy in patients with HGPIN.5 Data are 
inconsistent as to whether the extent of HGPIN 
and/or its architectural pattern predicts risk of 
subsequent carcinoma. Genetic abnormalities 
and/or immunophenotypes of HGPIN are not 
currently used to assess risk for subsequent 
detection of carcinoma.

The re-biopsy technique should entail at least 
systematic sextant re-biopsy of the entire 
gland,298 since HGPIN is a general risk factor for 
carcinoma throughout the gland. Thirty-fi ve 
percent of carcinomas would have been missed 
if only the side with the initially detected 
HGPIN had been re-biopsied. The majority 
(80–90%) of cases of carcinomas are detected 
on the fi rst re-biopsy after a HGPIN diagnosis. 
Re-biopsy may also detect persistent HGPIN in 
5% to 43% of cases.298 When HGPIN is associ-
ated with atypical small acinar proliferations, it 
is reasonable to consider re-biopsy within 3 to 4 
months after the initial biopsy. It is assumed 
that a greater diagnostic yield for malignancy 
will be achieved by focusing on sites with 
documented atypical foci.

A few studies have found that HGPIN on 
TURP specimens places an individual at higher 

risk for the subsequent detection of cancer.284,285 
Among 14 patients with HGPIN and benign 
prostatic hyperplasia followed up for up to 7 
years (mean 5.9 years), 3 (21.4%) developed 
prostatic cancer.285 Mean serum PSA concentra-
tion was higher in those who developed cancer 
compared with those who did not (8.1 versus. 
4.6 ng/mL, respectively). All subsequent cancers 
apparently arose in the peripheral zone and were 
detected by needle biopsy. By contrast, a long-
term study from Norway demonstrated no asso-
ciation between the presence of HGPIN on 
TURP and the incidence of subsequent cancer.299 
In a younger man with HGPIN on TURP, it may 
be recommended that needle biopsies be per-
formed to rule out a peripheral zone cancer. In 
an older man without elevated serum PSA levels, 
clinical follow-up is probably suffi cient. When 
HGPIN is found on TURP, some pathologists 
recommend sectioning deeper into the corre-
sponding block, and most pathologists recom-
mend processing the entire specimen to identify 
any small foci of carcinoma that may be present 
in the tissue.

Other Proposed Preneoplastic Lesions 
and Conditions

There are other possible fi ndings in the prostate 
that may be premalignant (LGPIN, atrophy, 
malignancy-associated foci, atypical adenoma-
tous hyperplasia, more recently, proliferative 
infl ammatory atrophy),300–302 but the data for 
these are less compelling than the data for 
HGPIN.
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Expectant Management

Danil V. Makarov, Christopher A. 
Warlick, and H. Ballentine Carter

K E Y  P O I N T S
● Prostate cancer represents a heterogeneous set of 

diseases with a wide range of outcomes.
● Many men have prostate cancer at autopsy, fewer are 

diagnosed with prostate cancer during their lifetimes, 
and fewer still die of prostate cancer.

● Initial insights into the natural history of prostate 
cancer came from nonrandomized, retrospective 
data.

● The common selection criteria for expectant man-
agement of prostate cancer include clinical stage, 
prostate-specifi c antigen (PSA), Gleason score, and 
other pathologic surrogates for low-volume tumors.

● Several groups have demonstrated good oncologic 
outcomes among men carefully selected for the con-
servative management of prostate cancer.

● Efforts are underway to standardize selection and 
intervention criteria for expectant management.

● Novel biomarkers are needed to better predict the 
outcomes of men considered for enrollment into 
expectant management protocols.

ment of prostate cancer from the CaPSURE 
database, Harlan and associates5 and then 
Cooperberg and associates6 have demonstrated 
that a not insignifi cant proportion of men diag-
nosed with prostate cancer are electing conser-
vative treatment of their disease. However, this 
number is probably lower than might be 
expected (Fig. 4-1). In this chapter, we examine 
the development of expectant management as 
an option for men with prostate cancer, we 
examine the landmark studies establishing the 
natural history of untreated prostate cancer, and 
we examine the design and outcomes of several 
institutions’ efforts to study expectant manage-
ment in a rigorous fashion.

Rationale for Expectant Management

Because the morbidity of treatment of prostate 
cancer may be severe, regardless of modality, 
the challenge to the clinician is to determine 
which prostate cancers need treatment and 
which do not.7–9 Mean (SEM) time to prostate 
cancer-specifi c mortality in patients with non-
palpable (T1) lesions has been demonstrated to 
be 17 (1.8) years and 11.7 (1.2) years for 
patients with clinically palpable lesions (T2 or 
greater)10 (Fig. 4-2). It is evident when compar-
ing these estimates of lengthy survival time with 
the expectations of life in a 65-year-old man 
(17.1 years) and a 75-year-old man (10.7 years) 
living in the United States in 2004 that not all 
men diagnosed with prostate cancer need to be 
treated for it.3

The annual age-adjusted prostate cancer 
death rate in the United States has declined 
steadily since the early 1990s1 (Fig. 4-3). The 
annual age-adjusted prostate cancer incidence 

Introduction

Prostate cancer is the most commonly diagnosed 
nondermatologic malignancy among men in the 
United States.1 Despite its widespread preva-
lence, it is well known that prostate cancers 
exhibit a diverse range of outcomes. Although 
autopsy series have demonstrated that 42% of 
men older than 50 years harbor prostate cancer, 
we also know that only 16% of all men will ever 
be diagnosed with prostate cancer (lifetime risk) 
and that only 3% of men ultimately die of the 
disease.2–4

From the adage, “more men die with prostate 
cancer than of prostate cancer” was born the 
concept that perhaps not all men with prostate 
cancer need aggressive treatment of their disease. 
Indeed, in an examination of trends in the treat-
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rates rose steadily until their peak in 1991 and 
then decreased and reached a plateau in the last 
8 years to a level much higher than in the pre-
PSA (prostate-specifi c antigen) era1 (Fig. 4-4). 
Moreover, 90% of newly diagnosed patients 
present with local or regional disease.1 This 
trend (stage migration)—whether the result of 
earlier detection or changes in disease biology—
has created a dramatic shift in the clinical stage 
of newly diagnosed prostate cancer patients.11

Despite these trends toward the detection of 
more, but less signifi cant cancers, the potential 
to diagnose still greater numbers of men with 
even more favorable characteristics has been 
suggested by data from the control arm of the 
Prostate Cancer Prevention Trial. Even among a 
cohort of men with low PSA (less than 4.0 ng/
mL) and normal digital rectal examinations 
(DRE), prostate cancer was found in 15.2% 
when they underwent a biopsy (not for a specifi c 
cause) at the end of the study; however, only 
2% of cancers in this group were high grade 
(Table 4-1).12 Cancer was even found in men 

Figure 4-1. Treatment trends among 
low-risk prostate cancer patients. 
Trends for each primary treatment 
alternative are signifi cant at the 
P < .0001 level, with the exception of 
radical prostatectomy (RP), which is 
signifi cant with P = .0019. Brachy, 
brachytherapy; EBRT, external-beam 
radiation therapy; PADT, primary 
androgen deprivation therapy; WW, 
watchful waiting. (From Cooperberg 
MR, Lubeck DP, Meng MV, et al: The 
changing face of low-risk prostate 
cancer: trends in clinical presentation 
and primary management. J Clin Oncol 
22: 2141, 2004. Reprinted with 
permission from the American Society 
of Clinical Oncology.)
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Figure 4-2. Cancer-specifi c survival rate curves for 
patients with microscopic (T1, green) and palpable 
(T2-3, red) tumor during 1976–1983. (From Horan AH, 
McGehee M: Mean time to cancer-specifi c death of 
apparently clinically localized prostate cancer: policy 
implications for threshold ages in prostate-specifi c antigen 
screening and ablative therapy. BJU Int 85:1063, 2000.)



Chapter 4 Expectant Management 87

Year of death

0

10

20

30

40

50

R
at

e 
pe

r 
10

0,
00

0 
po

pu
la

tio
n

19
30

19
44

19
46

19
48

19
50

19
52

19
54

19
56

19
58

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
03

20
04

20
05

19
32

19
34

19
36

19
38

19
40

19
42

Figure 4-3. Annual age-adjusted cancer death rate among males for prostate cancer, United States, 1930 to 
2005. Rates are age-adjusted to the 2000 U.S. standard population. Note that because of changes in ICD coding, 
numerator information has changed over time. Rates for cancers of the lung and bronchus, colon and rectum, and liver 
are affected by these changes. (Adapted from Jemal A, Siegel R, Ward E, et al: Cancer statistics, 2009. CA Cancer J Clin 
59:225–249, 2009, Figure 4. © 2009 American Cancer Society. Reprinted with permission of John Wiley & Sons, Inc.)
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Figure 4-4. Annual age-adjusted 
prostate cancer incidence rates among 
males, United States, 1975 to 2005. 
Rates are age-adjusted to the 2000 U.S. 
standard population and adjusted for 
delays in reporting. (Adapted from Jemal A, 
Siegel R, Ward E, et al: Cancer statistics, 
2009. CA Cancer J Clin 59:225–249, 2009, 
Figure 3. © 2009 American Cancer Society. 
Reprinted with permission of John Wiley & 
Sons, Inc.)
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with PSA of less than 0.5 ng/mL at a rate of 
6.2%.12 One must wonder how many of these 
low-PSA, negative-DRE cancers would ever 
have become clinically signifi cant during that 
man’s lifetime. Does biopsying men with low 
PSA represent a quest for lethal cancers in a 
“haystack” of indolent disease?

Watchful Waiting

There is a body of published literature examin-
ing the outcomes of watchful waiting protocols. 
Watchful waiting, as used by these studies, 
examines the outcomes of men in whom there 
was no effort to cure prostate cancer, although 
many did receive palliation. This is contrasted 
with expectant management or active surveil-
lance, in which men are initially left untreated 
but are closely followed, so that the decision to 
treat or not treat is revisited with regularity. The 
watchful waiting studies, mostly observing 
patients from the pre-PSA era, focus their atten-
tion on patients who are poor candidates for 
aggressive treatment. Most of these men are 
elderly or have signifi cant comorbidity and thus 
have a relatively short life expectancy at the 
time of enrollment.

Early Retrospective Series

Establishing Equipoise

One of the fi rst studies ever to examine the 
natural history of early prostate cancer came 
from Barnes and associates.13 The authors exam-

ined 86 patients who were treated conserva-
tively for prostate cancer. They noted that most 
of these men died of diseases other than pros-
tate cancer. Their conclusion was that prostate 
cancer is rather more like a chronic disease that 
may be managed with conservative therapy. 
Although several other studies from the period 
supported the conclusion that men with local-
ized prostate cancer had a long survival even 
if treated conservatively,14,15 some studies 
described varied and sometimes unfavorable 
outcomes from delayed treatment.16,17

Another such study was published by 
Johansson and coworkers.18 The authors exam-
ined a group of 223 patients from Sweden who 
were diagnosed with early-stage (T0-2) prostate 
cancer and did not undergo initial treatment. At 
the time of symptomatic progression, however, 
they did receive hormone therapy either in the 
form of orchiectomy or estrogen administration. 
Only 19 of a total of 124 deaths in this group 
were from prostate cancer. The 10-year prostate 
cancer-specifi c survival rate was 86.8% (95% 
confi dence interval 80.7–92.9%), and the 10-
year progression-free survival rate was 53% 
(95% CI 44.2–62.0%). Of 76 patients who dem-
onstrated clinical progression, 50 had local-only 
progression. The researchers found similar 
results in a subgroup analysis examining men 
whom they felt would have met eligibility crite-
ria for radical surgery. The authors concluded 
that clinical trials were necessary before any 
therapy could be recommended for patients 
with prostate cancer. This study is particularly 
signifi cant because it spawned a randomized 

Table 4-1. Relationship of the Prostate-Specifi c Antigen (PSA) Level to the 
Prevalence of Prostate Cancer and High-Grade Disease

PSA Level
No. of Men 
(N = 2950)

Men with Prostate 
Cancer (N = 449)

Men with High-Grade Prostate 
Cancer (N = 67)

Sensitivity Specifi cityNo. of Men (%) No./Total No. (%)

≤0.5 ng/mL 486  32 (6.6)  4/32 (12.5) 1.0 0.0
0.6–1.0 ng/mL 791  80 (10.1)  8/80 (10.0) 0.93 0.18
1.1–2.0 ng/mL 998 170 (17.0) 20/170 (11.8) 0.75 0.47
2.1–3.0 ng/mL 482 115 (23.9) 22/115 (19.1) 0.37 0.80
3.1–4.0 ng/mL 193  52 (26.9) 13/52 (25.0) 0.12 0.94

High-grade disease was defi ned by a Gleason score of 7 or greater. The population was restricted to men with a PSA level of 4.0 ng/mL or less 
throughout the study. Therefore, the defi nitions of sensitivity and specifi city are restricted to cutoff values of <4.0 ng/mL (the cutoff values are equal to 
the lower value of the ranges in the PSA column [0.0, 0.6, 1.1, 2.1, and 3.1 ng/mL]). Sensitivity was defi ned as the proportion of men with cancer 
who had a PSA value above the cutoff among all men with cancer who had a PSA value of 4.0 ng/mL or less. Specifi city was defi ned in a like 
manner.
From Thompson IM, Pauler DK, Goodman PJ, et al.: Prevalence of prostate cancer among men with a prostate-specifi c antigen level ≤ 4.0 ng/mL. 
N Engl J Med 350:2239, 2004. Copyright © 2004 Massachusetts Medical Society. All rights reserved.
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trial, the results of which have been extremely 
illuminating and infl uential in the fi eld of 
urology.

Establishing Negative Prognostic Indicators

Chodak and associates19 performed a meta-
analysis of six pre-PSA era studies enrolling men 
who had clinically localized prostate cancer 
(clinical stage T1 or T2) and who did not receive 
initial treatment, but rather were observed and 
received delayed hormonal therapy. Eight 
hundred twenty-eight patients were reviewed. 
Similar to the results from the initial report 
from Johansson and coworkers,18 10-year pros-
tate cancer-specifi c survival rate was 87% for 
men with grade 1 or 2 tumors, but only 34% for 
those with grade 3 tumors (Fig. 4-5); the initial 
report of Johansson and coworkers18 did not 
evaluate the effects of tumor grade. They con-
fi rmed these fi ndings in their 2004 update.20 
Prostate cancer-specifi c survival was not affected 
by early disease stage, patient age, comorbidity, 
or delayed intervention in the form of surgery 
or radiation. They also noted that further 
follow-up, in the interval from 15 to 20 years, 
demonstrated a substantial worsening in 
progression-free, metastasis-free, and prostate 
cancer-specifi c survival (from 77% at 15 years 
to 54% at 20 years), although these estimates 
were based on a limited number of patients and 
were reported with wide confi dence intervals 
(Fig. 4-6). Based on their results, the authors 
suggested that watchful waiting was a reasonable 
strategy for patients with low-grade prostate 
cancer having a life expectancy of fewer than 10 
years, but that radical treatment should be con-

sidered for men with a life expectancy of more 
than 15 years and that novel strategies must be 
applied to those with grade 3 disease.

Adolfsson and coworkers21 from the Karolin-
ska Institute also performed a similar study of 
172 patients with prostate cancer managed with 
deferred therapy until the onset of symptomatic 
progression. In contrast to the previously dis-
cussed papers, the Karolinska group included 
men with T3 lesions. Ten-year prostate cancer-
specifi c survival rate was 80% for the entire 
patient cohort. However, subgroup analysis 
revealed an 84% 10-year prostate cancer-
specifi c survival rate among the men with clini-
cally localized (T1-T2) prostate tumors, whereas 
men with T3 lesions had only a 70% prostate 
cancer-specifi c survival rate at 9 years. This led 
to the researchers’ recommendation that 
deferred therapy (essentially watchful waiting, 
since only 52% of patients ever received therapy) 
be considered for those with clinically localized 
disease.

McLaren and associates22 describe a cohort of 
113 patients with prostate cancer from the 
British Columbia Cancer Agency who were 
managed with watchful waiting. Forty percent 
of patients with T1 disease and 51% of those 
with T2 disease developed clinical progression 
by 2 years. The authors found that PSA doubling 
time (PSADT) correlated with clinical progres-
sion, stage progression, and time to treatment 
and that patients with PSADT of less than 18 
months progressed within 6 months. They con-
cluded that patients undergoing watchful waiting 
exhibit high rates of clinical progression and that 
PSADT rather than standard pathologic criteria 
gave a better prediction of this occurrence.
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Figure 4-5. Disease-specifi c survival 
among untreated patients with localized 
prostate cancer, according to tumor 
grade. Data on patients who died of other 
causes were censored. (From Chodak GW, 
Thisted, RA, Gerber GS, et al: Results of 
conservative management of clinically 
localized prostate cancer. N Engl J Med 
330:242, 1994. Copyright © 1994 
Massachusetts Medical Society. All rights 
reserved.)
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Other groups23,24 have also examined PSADT 
as a predictor of delayed treatment. El-Geneidy 
and coworkers23 examined 187 patients, 175 of 
whom had clinical stage T1 or T2 lesions. Patient 
age and percentage of biopsy cores involved with 
cancer were predictors on univariate analysis 
and independent predictors on multivariable 
analysis. PSADT, although not signifi cant as a 
univariate predictor, became signifi cant when 
added to a multivariable model.

Recent (Since 2000) Retrospective Series

Albertsen and others have published several 
studies looking at the long-term survival of men 
from a large population-based cohort with local-
ized prostate cancer treated with immediate or 
delayed hormonal therapy.25–27 Their most 
recent data examined 767 men 55 to 74 years 
of age, hoping to confi rm or refute the long-term 
outcomes data from Johansson and coworkers20 
which demonstrated the decline in prostate 
cancer-specifi c survival after 15 years (more 
than 10 years)28; cases were identifi ed from the 
Connecticut Tumor Registry and all patients 
had their pathology re-examined for the pur-
poses of the study. A competing risks model 
demonstrated that there was not a statistically 
signifi cant difference in the risk of death from 
prostate cancer in the fi rst 15 years after diag-
nosis and the risk of death from prostate cancer 

after 15 years of follow-up. The authors reaf-
fi rmed their previous fi ndings25,26 that men with 
low-grade, localized prostate cancer have a 
low risk of prostate cancer-specifi c mortality, 
whereas those with higher grades are at greater 
risk, even among older men (Fig. 4-7). They also 
concluded again that since the annual prostate 
cancer-specifi c mortality rate remains unchanged 
after 15 years from the time of diagnosis, aggres-
sive treatment for low-grade, localized prostate 
cancer is not indicated.

Several other recent publications have dem-
onstrated interesting insights into watchful 
waiting for prostate cancer. Patel and associ-
ates29 have reported the Memorial Sloan-
Kettering experience with deferred therapy for 
prostate cancer. Eighty-eight patients with clini-
cal stage T1-2 who were eligible for, but elected 
not to be treated with, radical prostatectomy, 
were consecutively enrolled over the years 1984 
to 2001. No specifi c enrollment criteria were 
established a priori. Patients were followed up 
with DRE and serum PSAs every 3 months for 
1 year and every 6 months thereafter. Repeat 
biopsy was recommended at baseline, 1 year, 
then every 2 to 3 years. Biopsies were performed 
sooner if DRE, transrectal ultrasonography, or 
PSA suggested disease progression. However, 
there were no defi ned criteria to determine 
disease progression, since imaging and physical 
exam were considered subjective and PSA and 
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repeat biopsy results are also considered unreli-
able. A point scale for progression was devel-
oped, assigning different point scores to various 
events.

Only 61% of men enrolled had cancer identi-
fi ed on a confi rmatory biopsy. Twenty-two 
patients developed objective evidence of progres-
sion (defi ned as a point cut-off) during a median 
follow-up of 44 months. Seventeen patients 
underwent radical prostatectomy, of whom 15 
had Gleason scores upgraded on fi nal pathology; 
7 cases were upgraded to Gleason 7. At the time, 
none of the 17 patients undergoing surgery had 
evidence of clinical or biochemical recurrence; 
the only patient to demonstrate biochemical 
recurrence had been treated with radiation 
therapy. Logistic regression revealed that absence 
of cancer on confi rmatory biopsy and low initial 
PSA were associated with improved progression-
free survival. The actuarial progression-free sur-
vival rate at 5 years was 67%, and at 10 years it 
was 55%. The authors conclude that active sur-
veillance with deferred therapy is a feasible alter-
native in carefully selected patients.

Wong and associates30 performed a retrospec-
tive analysis, examining men with prostate 

cancer from the Surveillance, Epidemiology, and 
End Results (SEER) Medicare database. There 
were 44,630 men between 65 and 80 years 
(older than the other studies) who were diag-
nosed between 1991 and 1999. The researchers 
found that 37% of the men in the watchful 
waiting group and 23.8% in the treatment group 
had died. The absolute difference in prostate 
cancer deaths, treated versus untreated, was 
0.5% at 12 years. So although overall survival 
and prostate cancer-specifi c survival were 
improved in the treatment group, even when 
adjusted for patient age and for low-risk disease, 
the number needed to treat is 200 to prevent 
one prostate cancer death at 12 years. Another 
idiosyncrasy of the data was that the survival 
difference (Fig. 4-8) was evident almost imme-
diately, whereas the survival difference took 10 
years to demonstrate in a randomized trial28 
examining a similar question. Such a difference 
would be unlikely to occur so early unless 
the groups were unbalanced with respect to 
comorbidity.

Cuzick and associates31 retrospectively exam-
ined a contemporary cohort of 2333 patients 
from the United Kingdom (diagnosed between 
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1990 and 1996) with available baseline PSA 
measurements and re-reviewed all pathologic 
(TURP [transurethral resection of prostate] 
chips [54%] or needle biopsy) specimens. Most 
patients did not receive initial treatment; 
however, 29% received hormonal therapy within 
6 months of diagnosis. At 10 years, a competing 
risks analysis demonstrated 55% overall mortal-
ity, with 24% prostate cancer-specifi c and 31% 
representing death from other causes. However, 
using PSA and Gleason score, the authors were 
able to stratify patients into three groups with 
10-year prostate cancer-specifi c mortalities of 
less than 10%, 10% to 30%, and greater than 
30%. They conclude that new, better, biomark-
ers are necessary to predict the outcomes of 
men falling in the intermediate group.

Prospective Watchful Waiting

One of the most important studies on the subject 
of watchful waiting for prostate cancer (and, 
indeed, in all of urology) is the Scandinavian 
Prostate Cancer Study Group’s prospective ran-
domized trial originally published by Holmberg 
and coworkers32 in 2002 and then updated 
by Bill-Axelson and associates28 in 2005. This 
trial, in follow-up to the study performed by 
Johansson and coworkers,18 compared radical 
prostatectomy with watchful waiting (followed 
by palliative rather than curative therapy) in 
men presenting with clinically localized prostate 
cancer. Would there really be no difference 
between the treated and untreated groups? One 
of the most important factors to consider when 
examining data from these studies is that 
approximately 75% of the men enrolled had 
palpable (T2) lesions and roughly 25% had 
Gleason grade greater than 6.

The fi rst of the two reports32 found that risk 
of prostate cancer-specifi c mortality was 
decreased in men treated with radical prostatec-
tomy compared with the control arm (4.3% 
versus 8.9%, respectively). A statistically signifi -
cant benefi t held true with respect to the risk 
of developing metastases in the radical prosta-
tectomy group. Overall survival, however, was 
not different between the two groups, and many 
investigators speculated as to what might be the 
ultimate outcome after more follow-up.33 The 
results became clear in 2005, when Bill-Axelson 
and associates28 published the 10-year follow-up 
data and demonstrated a benefi t to radical pros-

tatectomy, compared with watchful waiting, 
with respect to relative risk of prostate cancer-
specifi c mortality 0.56 (95% CI 0.36–0.88), 
distant metastasis 0.60 (95% CI 0.42–0.86), and 
local progression 0.33 (95% CI 0.25–0.44). 
Absolute mortality was lower in the surgery 
group (83 deaths) than the watchful waiting 
group (106 deaths), P = .04 (Fig. 4-9). An 
important point to consider when examining 
these results is that so many of the patients 
included in the study had palpable lesions on 
DRE (77.8% in the radical prostatectomy group 
and 74.4% in the watchful waiting group) and 
presented with symptoms of advanced prostate 
cancer (43.8% in the radical prostatectomy 
group and 39.7% in the watchful waiting group). 
As with T3 lesions with Adolfsson and co -
workers21 and higher-grade lesions in early 
work by Albertsen and associates,25,26 this study 
demonstrated some of the limitations of simple 
watchful waiting in men having prostate cancer 
with adverse parameters. Further work on this 
patient cohort has been aimed at determining 
factors infl uencing progression.34 Despite the 
clear statistically signifi cant differences, the 
number needed to treat to prevent one prostate 
cancer death for men over 65 years of age is 330. 
The authors caution, however, that the survival 
estimates in older men are based on small 
numbers and should be treated as a hypothesis 
to investigate thoroughly in other studies.

Expectant Management of 
Prostate Cancer

Prediction

Most of the previously discussed studies exam-
ining watchful waiting as a treatment option 
come out in favor of watchful waiting, but only 
after identifying a subgroup of patients in whom 
watchful waiting would not be benefi cial. Based 
on insights regarding the natural history of pros-
tate cancer and the factors that infl uence the 
aggressiveness of disease, researchers set out to 
identify criteria that could determine which 
men could defer immediate therapy for prostate 
cancer and could be observed at least initially. 
Some of these criteria were derived from the 
early watchful waiting studies, whereas several 
others worked to determine novel, specifi c cri-
teria to select for men who could be followed 
up expectantly.
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Epstein and coworkers35 examined a series of 
157 men with clinical stage T1c prostate cancer 
who had undergone radical prostatectomy for 
treatment of their disease. The authors created 
four classifi cations of pathologic outcomes: 
insignifi cant, minimal, moderate, and advanced. 
Pathologic criteria for the insignifi cant category, 
which comprised 16% of treated T1c tumors, 
were tumor volume less than 0.2 cm3 and 
Gleason score less than 7. A model was created 
to predict “insignifi cant” tumor pathology based 
on presurgical criteria. Tumors having (1) pre-
operative PSA density (PSAD) less than or equal 
to 0.1 ng/mL/g and a lack of adverse fi ndings 

(defi ned as Gleason score greater than 6, more 
than two cores involved with cancer, or any core 
with more than 50% involvement with cancer) 
or (2) PSAD less than or equal to 0.15 ng/mL/g 
and less than 3 mm of tumor on a single biopsy 
core had a positive predictive value of 95%, a 
negative predictive value of 66%. The model 
correctly classifi ed tumors as insignifi cant 73% 
of the time based on their preoperative informa-
tion. The authors suggested that patients satisfy-
ing these criteria could possibly avoid treatment 
for prostate cancer.

The same investigators updated their fi ndings 
and their model 4 years later.36 Using a slightly 
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different defi nition of insignifi cant disease 
(tumor volume changed from less than 0.2 cm3 
to less than 0.5 cm3),37 they found that 25% of 
treated T1c tumors were insignifi cant. One 
hundred sixty-three patients with clinical stage 
T1c prostate cancer were examined. These men 
had undergone radical prostatectomy and had 
information on preoperative biopsy and preop-
erative free and total PSA measurements. Of 
these 163 patients, 30.7% had insignifi cant 
disease. A model with criteria of preoperative 
free to total PSA fraction greater than or equal 
to 0.15 and the absence of adverse pathologic 
criteria35 had a positive predictive value of 
94.4%, a negative predictive value of 77.2%. 
Findings from these two studies laid the founda-
tion for future prospective analyses.

Concurrent to the group at Johns Hopkins, 
Ohori and coworkers37 examined whether pre-
operative information allowed clinicians to 
detect clinically signifi cant prostate cancer more 
effi ciently than simply what might be found 
incidentally. Three hundred and six cases were 
identifi ed with prostate cancer treated with 
radical prostatectomy; 90 patients with inciden-
tal prostate cancer discovered by radical cysto-
prostatectomy for bladder cancer served as 
controls. This analysis revealed that cancer 
detected by DRE, PSA screening, or transrectal 
ultrasound was less likely to be advanced than 
cancer found incidentally during radical cysto-
prostatectomy. Also notable was that the frac-
tion of “clinically unimportant” disease (defi ned 
as tumor volume less than or equal to 0.5 cm3, 
Gleason grades 1 to 3, and organ confi ned) was 
not signifi cantly different between groups.

Goto and associates38 furthered the applica-
tion of these data by specifi cally predicting clini-
cally unimportant disease. The group examined 
170 patients with prostate cancer, 10% of whom 
had clinically unimportant37 disease. Logistic 
regression analysis determined that maximum 
length of cancer within any core and PSAD were 
the only statistically signifi cant variables. Patients 
with PSAD less than or equal to 0.1 ng/mL/g 
and maximum cancer length of 2 mm or less had 
clinically unimportant cancer 75% of the time.

An additional step in the determination of 
which patients may be suited to a conservative 
management approach was the determination of 
a nomogram predicting indolent cancer (tumor 
volume less than or equal to 0.5 mL, pathologi-
cally organ confi ned, and no poorly differenti-

ated elements) by Kattan and coworkers.39 Data 
were used from 409 patients with T1c or T2a, 
N0 prostate cancers who were treated by radical 
prostatectomy, 20% of whom had indolent 
cancer. Logistic regression was used to construct 
nomograms, the best of which had an area under 
the receiver operator curve (AUC-ROC) of 
0.79. Some of the models created, however, 
used variables not determined to be statistically 
signifi cant by logistic regression.

Prospective Series

The previously discussed published case series 
demonstrating that at least in some cases pros-
tate cancer could be managed conservatively, 
and the work of other groups attempting to iden-
tify a priori those patients who could be managed 
conservatively, laid the groundwork for prospec-
tively assembled cohorts of patients undergoing 
the expectant management with curative intent 
of prostate cancer. Despite the interest in con-
servative management for prostate cancer and 
all the retrospective studies performed on the 
subject, there are very few prospectively assem-
bled expectant management cohorts in the pub-
lished literature. Expectant management studies 
differ from those described in the watchful 
waiting section because these use specifi c criteria 
to enroll select patients eligible for expectant 
management and actively follow those patients 
with the intention of treating those individuals 
who experience disease progression.

The University of Toronto has published the 
results of their series of a prospective, single-
arm phase II study of a watchful waiting proto-
col with selective delayed intervention.40,41 The 
initial report40 laid out the enrollment criteria as 
well as the disease progression criteria necessi-
tating a recommendation for treatment. Patients 
received a confi rmatory biopsy at 12 or 18 
months into the study. Patients were followed 
up with physical exam, PSA, and creatinine 
every 3 months for 2 years and every 6 months 
thereafter. Bone scan was performed yearly for 
2 years and then biannually thereafter; bone 
scans were performed yearly when PSA reached 
15 ng/mL. The study enrolled men with base-
line PSA less than or equal to 15 ng/mL, Gleason 
score 7 or lower, and clinical stage T2b or lower. 
Disease progression resulting in therapeutic 
intervention was said to occur if patients met 
treatment criteria in any of three categories: 
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clinical (a doubling in lesion size in any DRE 
dimension, any requirement for transurethral 
resection, ureteral obstruction, or evidence of 
distant metastasis), histologic (Gleason score 8 
or higher on repeat biopsy), and PSA (PSA dou-
bling time of 2 years or less, PSA greater than 
8 ng/mL, and statistically signifi cant PSA pro-
gression from a regression analysis of ln(PSA) on 
time) progression. The initial report concluded 
that such a study was feasible based on the pro-
gression rates of 206 patients.

The series was updated several years after-
ward by Klotz.41 At the time of this update, a 
total of 299 patients had been recruited with a 
median follow-up of 55 months. Through that 

time, 60% of those enrolled remained on active 
surveillance. At 8 years, overall survival rate was 
85% (Fig. 4-10A) and prostate cancer-specifi c 
survival rate was 99% (Fig. 4-10B). Twelve 
percent of initially enrolled patients were treated 
because of PSA progression, 8% because of clini-
cal progression, and 4% because of histologic 
progression. Of 24 men who underwent radical 
prostatectomy for PSA progression, only 42% 
had organ-confi ned disease and 8% had lymph 
node metastasis. The investigators conclude that 
men with favorable risk prostate cancer will die 
of other causes, but that longer-term follow-up 
is necessary to confi rm these observations. 
Further follow-up was performed assessing 
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Figure 4-10. A, Overall survival in surveillance 
cohort of 299 men. B, Prostate cancer-specifi c 
survival in surveillance cohort of 299 men. (From 
Klotz L: Active surveillance with selective delayed 
intervention: using natural history to guide 
treatment in good risk prostate cancer. J Urol 
172:S48–S51, 2004, Figures 1 and 2. Copyright 
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PSADT as a predictive parameter in this cohort.42 
The group determined that patients could be 
stratifi ed into low- and high-risk groups based on 
PSADT and repeat biopsy pathology. In an edi-
torial comment by Carter from the same article, 
the important point was raised that it is problem-
atic to use a variable as both a defi nition of failure 
and as a means of stratifying risk a priori.

The group from Johns Hopkins is currently 
evaluating a prospective strategy for the expect-
ant management of prostate cancer based on the 
Epstein criteria35,36 for the identifi cation of insig-
nifi cant tumors.43,44 Patients with T1c prostate 
cancer satisfying pathologic and PSAD criteria 
were consecutively enrolled (Box 4-1). Patients 
were followed up with DRE and PSA every 6 
months and a yearly prostate biopsy (Box 4-2). 
Included patients had all been followed for 1 
year or more. Treatment was recommended for 
patients based on clinical stage progression or 
unfavorable criteria on follow-up biopsy (Box 
4-3). Changes in serum levels of PSA or its 
isoforms were not used as criteria for the 
recommendation of treatment, since there was 
signifi cant overlap in these values between men 
remaining on surveillance and those requiring 
treatment. Changes in these values may some-

times be erratic, perhaps because of trauma to 
the prostate during repeated biopsies.

The initial report described 81 patients, with 
a median follow-up of 23 months, of whom 25 
(31%) were recommended to undergo treat-
ment during the study period. Thirteen men 
underwent radical prostatectomy based on a 
recommendation for treatment. Of these, 12 
had “curable” disease, as defi ned by any pure 
Gleason 6 tumor or any organ-confi ned tumor 
less than or equal to Gleason 7 or any tumor 
with Gleason 3 + 4 or less with negative surgical 
margins. Higher PSAD and lower percent free 
PSA were both signifi cantly associated with 
those men who were recommended treatment; 
men who had at least one follow-up biopsy 
without cancer were more likely to remain on 
surveillance than those demonstrating cancer on 
all follow-up biopsies. These data were updated 
by Warlick and colleagues44 in 2006. In the 
updated database, 320 men were enrolled in the 
program, 98 (31%) of whom underwent cura-
tive intervention. Out of this group of 98, 38 
underwent radical prostatectomy without neo-
adjuvant therapy, and 29 (84%) had curable 
tumors on pathologic examination. Based on 
these observations, Carter and associates43 con-
cluded that expectant management is a reason-
able alternative management plan for older men 
with low-stage and low-grade prostate cancer.

Delayed Therapy

Zietman and associates45 retrospectively reviewed 
199 patients with stage T1-2 (52% had nonpal-
pable lesions) prostate cancer and PSA of less 
than 20 ng/mL, who were followed up expec-
tantly in their practice. With a median follow-up 
of 3.4 years, disease-specifi c survival rates at 5 
and 7 years were 98% and 98%, whereas overall 
survival rates were 77% and 63%, respectively. 
Sixty-four patients underwent treatment; 

Box 4-1. Enrollment Criteria for Inclusion in Johns 
Hopkins Expectant Management Cohort

Clinical stage T1c adenocarcinoma of the prostate
PSA density < 0.15 ng/mL/cm3

Absence of any of the following on a minimum 12-core 
biopsy:
 Gleason score > 6
 Any Gleason pattern 4 or 5
 >2 cores involved with cancer
 >50% of any single core involved with cancer

Box 4-2. Surveillance Protocol for Men with 
Prostate Cancer on Protocol for Expectant 

Management with Curative Intent

Serum free and total PSA every 6 months
Digital rectal exam every 6 months
Transrectal ultrasound-guided prostate biopsy every year 
with:
 Minimum of 12 cores
  Mandatory sampling of far lateral peripheral zones and 

midsagittal regions from apex to base

Box 4-3. Criteria for the Recommendation of 
Treatment of Patients Followed on Expectant 

Management Protocol

Development of a palpable nodule on direct rectal exam
Gleason score > 6 on surveillance biopsy
Any Gleason pattern 4 or 5 on surveillance biopsy
> 2 cores involved with cancer on surveillance biopsy
> 50% of any single core involved with cancer on 

surveillance biopsy
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treatment-free survival rate at 5 years was 56%. 
In a telephone interview, 81% of patients who 
had undergone treatment believed that treat-
ment had been recommended by their physician 
because of a PSA elevation or the palpation of a 
nodule, whereas physicians had recorded only 
having advocated treatment in 24% of cases. The 
authors concluded that expectant management 
in the PSA era effectively becomes nothing more 
than a delayed form of radical therapy.

A similar conclusion was reached by Carter 
and coworkers46 in their review of 313 men aged 
70 years or younger with low-grade and low-
stage prostate cancer who had initially selected 
watchful waiting as a management strategy. 
They found that 215 men proceeded to treat-
ment; 57.3% by year 2 and 73.2% by year 4. The 
group concluded that younger men choosing 
watchful waiting as an initial management option 
are more likely to undergo secondary therapy 
than their older counterparts.

Two subsequent studies attempted to deter-
mine whether delaying surgery in men eligible 
for expectant management would adversely 
affect their outcome. The fi rst study was per-
formed by Khatami and associates47 and exam-
ined 26 patients with T1-T2 disease managed by 
initial surveillance who ended up undergoing 
radical prostatectomy in a mean of 23.4 months. 
These men were compared with two controls 
each who underwent immediate radical prosta-

tectomy. These patients were matched for PSA, 
age, clinical stage, and biopsy Gleason score. 
The authors found that there were no statisti-
cally signifi cant differences between groups with 
respect to tumor size, pathologic variables, and 
biochemical recurrence-free survival at 2 years.

Warlick and associates44 performed a similar 
study, examining the outcomes of 38 men from 
the Johns Hopkins expectant management 
cohort who were recommended to undergo 
therapy for their prostate cancer and who under-
went radical prostatectomy. These patients were 
compared with 150 matched patients, who 
would have been eligible for expectant manage-
ment, but who elected to undergo immediate 
surgical therapy. The authors found that the 
men from the expectant management cohort 
underwent surgery at a median of 26.5 months 
after diagnosis and the men electing immediate 
surgery were actually operated on at a median 
of 3.0 months. “Noncurable cancer,” defi ned as 
pathology associated with a less than 75% chance 
of remaining PSA-recurrence free at 10 years 
after surgery, was diagnosed in 9 (23%) of the 
38 patients from the expectant management 
group and in 24 (16%) men in the immediate 
intervention group. Adjusting for age and PSAD, 
there was no signifi cant difference in the risk of 
noncurable cancer between the delayed and 
immediate intervention groups (Table 4-2). The 
researchers concluded that delayed prostate 

Table 4-2. Risk of Noncurable Prostate Cancer in the Delayed Intervention Cohort of Patients Initially Managed 
Expectantly and Then with Surgery Compared with the Immediate Surgery Cohort*

Comparison

Nonadjusted Adjusted†

RR (95% CI)‡ P Value§ RR (95% CI)‡ P Value§

Delayed versus immediate intervention 1.48 (0.75–2.92) 0.266 1.08 (0.55–2.12) 0.819
Age: 63–70 yr versus 52–62 yr 1.96 (1.06–3.63) 0.030 nd nd
PSA density: ≥ 0.10 
 versus < 0.10 ng/mL/cm3

2.21 (1.16–4.24) 0.013 nd nd

PSA: > 6.0 versus ≤ 6.0 ng/mL 2.27 (1.24–4.17) 0.008 nd nd

*Noncurable cancer, defi ned as a less than 75% chance of biochemical freedom from disease at 10 years after surgery, was stage pT2 (organ 
confi ned) if the Gleason sum was ≥7 (4 + 3) and/or the surgical margins were positive, stage pT3aN0 (extraprostatic extension) if the Gleason sum 
was ≥7 and/or surgical margins were positive, and any stage higher than pT3a regardless of grade or margin status or any N+ stage.
†Adjusted for age and PSA density.
‡Proportion of men with noncurable tumors in the delayed intervention cohort divided by the proportion with noncurable tumors in the immediate 
intervention cohort. The Mantel–Haenszel procedure was used to obtain estimates of relative risks (RRs) and 95% confi dence intervals (CIs), adjusted 
for potential confounding factors at diagnosis including age, PSA, PSA density, number of positive cores, maximum percentage of a core positive for 
cancer, year of diagnosis, and year of surgery.
§Two-sided P values were derived from Cochran–Mantel–Haenszel statistics.
PSA, prostate-specifi c antigen; nd, not done. Adjusted analyses were not performed for these risk factors because they were not the major focus of 
the study.
From Warlick C, Trock BJ, Landis P, et al.: Delayed versus immediate surgical intervention and prostate cancer outcome. J Natl Cancer Inst 98:355, 
2006, Table 2. Reprinted with permission of Oxford University Press.
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cancer surgery for patients with small, lower-
grade prostate cancers followed up expectantly 
does not appear to compromise the surgical cur-
ability of these cancers. Therefore, at the very 
worst, expectant management delays the poten-
tial morbidity of surgery in a cohort of patients 
who are not adversely affected by deferring 
their treatment.

Prediction of Delayed Treatment

The best predictors of progression come from 
analyses of prospectively collected data. The 
Johns Hopkins group examined their data to 
determine whether there were any biomarkers 
obtained at the time of entrance into the expect-
ant management algorithm that could predict a 
future change from favorable to unfavorable 
pathology status on routine follow-up biopsy.48 
Seventy-eight men who had serial biopsies were 
examined in the study. Seventeen of 67 (25.4%) 
men developed unfavorable biopsy criteria35 on 
their fi rst follow-up biopsy, 6 of 36 (16.7%) did 
so on a second follow-up biopsy, and none of 14 
men had unfavorable biopsy criteria who had a 
third follow-up biopsy. Backward, stepwise 
logistic regression determined a model incorpo-

rating percent free PSA at a 20.5% or less cutoff, 
PSA velocity (PSAV) cutoff at 1.7 ng/mL/year 
or less, and gland volume cutoff at greater than 
55.5 mL to separate favorable from unfavorable 
groups using information available at the time of 
enrollment with an AUC-ROC of 83.1%. The 
conclusion of the study was that quantitative 
biopsy pathology along with information pro-
vided by serum biomarkers can predict men 
who are likely to maintain future biopsy pathol-
ogy, although new biomarkers would be able 
to improve upon our ability to make this 
prediction.

Work is also ongoing in the development of 
new biomarkers. Our group has been working 
on predicting favorable from unfavorable 
groups based on quantitative nuclear grading 
(QNG)49 (Fig. 4-11). Seventy-fi ve men with at 
least two biopsies demonstrating prostate cancer 
were examined; 30 developed an unfavorable 
biopsy requiring treatment,35,43 and 45 main-
tained favorable biopsies throughout a median 
follow-up of 2.7 years. Logistic regression models 
were developed using demographic and clinical 
data as well as tissue histomorphometry. A 
QNG signature using 12 nuclear morphometric 
descriptors had an area under the receiver 
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operator characteristic curve (AUC-ROC) for 
the prediction of unfavorable biopsy status of 
87%. A model based on traditional descriptors 
such as prostate volume, PSA density, and 
number of prediagnosis biopsies resulted in an 
AUC-ROC of 68%. A combined model contain-
ing QNG and clinicopathologic variables yielded 
an AUC-ROC of 88%. We found that QNG 
analysis of initial prostate biopsies improves 
the accuracy of models predicting unfavorable 
pathology. Although this technique demon-
strates great promise for the ability to determine 
which men qualifying for expectant manage-
ment are best suited for this therapeutic 
approach, further validation must be performed 
before this technique can be used to aid in clini-
cal decision making.

Demichelis and associates50 have looked for 
the TMPRSS2:ERF gene fusion in this cohort. 
TMPRSS2:ERF is a gene fusion product recently 
reported to be present in 79% of prostate 
cancers, which changes the normally androgen-
insensitive ETS family of cell growth promoters 
to become androgen responsive.51 Demichelis 
determined that the presence of the gene fusion 
predicted a more aggressive prostate cancer phe-
notype because patients who had the TMPRSS2:
ERG fusion had a statistically signifi cant ele-
vated risk of prostate cancer-specifi c mortality 
(cumulative incidence ratio 2.7, P < .01). 
However, unlike other studies from the 
CaPSURE52 and Department of Defense Center 
for Prostate Disease Research53 databases, within 
this cohort it has also been demonstrated that 
researchers are only poorly able to classify indi-
viduals into high- and low-risk groups (ROC 
analysis).54

Consensus Criteria for Expectant 
Management and for Intervention

Clearly, one of the most important aspects of 
safely following up men with presumed low-
grade, low-volume prostate cancer is the selec-
tion of the most appropriate men for this 
management strategy. One of the hurdles to the 
wider use of this management strategy has been 
the lack of consensus regarding the defi nition of 
what constitutes “insignifi cant” prostate cancer, 
and the best way, based on clinical and biopsy 
pathologic criteria, to identify men with such 
disease. In the future, improved biomarkers or 

imaging may also help to stratify risk. Although 
no consensus as to the best selection criteria 
currently exists, the parameters to consider 
include patient age, clinical stage, tumor grade, 
PSA parameters, and biopsy characteristics. 
Several groups have defi ned “low-risk” prostate 
cancer in terms of clinical parameters such as 
the D’Amico criteria55; however, the goal in 
selecting men for expectant management is to 
identify the lowest-risk men among this already 
low-risk category.

Although there is no agreement on a specifi c 
age cut-off below which expectant management 
is contraindicated, most would agree that older 
patients are better suited to this strategy. As 
outlined earlier in this chapter, men observed 
for localized prostate cancer begin to show a 
decrease in metastasis-free and prostate cancer-
specifi c survival rates after about 15 years.19 
Therefore, we have been most enthusiastic 
about expectant management in men over age 
65. In addition, younger age has been shown 
to be a predictor of eventual treatment in 
watchful waiting studies.46 However, as increas-
ing numbers of younger men are being diagnosed 
with localized prostate cancer, this group may 
have the most to gain in terms of avoiding or 
delaying therapy. Once the timing of defi nitive 
intervention without the loss of the window of 
curability may be determined reliably, a delay in 
intervention may allow a younger man to enjoy 
several additional years at his current quality 
of life before risking a change by undergoing 
defi nitive therapy. Such a deferred therapeutic 
strategy may prove attractive to younger men 
concerned with maintaining their current level 
of potency, for instance.

Clinical stage has long been known to be an 
important predictor of outcome in prostate 
cancer. Its application in determining selection 
and treatment criteria has also proved to be one 
of the most controversial issues in expectant 
management. Should men with clinical stage T2 
disease be included in expectant management 
protocols? It is the feeling of the authors of this 
book that until further evidence from prospec-
tive trials is available to confi rm the safety of 
including men with T2 disease, only men with 
T1 disease should be routinely included. Not all 
researchers agree with this assessment. A pro-
spective trial from the University of Toronto 
routinely follows up men with T2 disease con-
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servatively. This approach is supported by data 
previously outlined from retrospective trials of 
observation of localized prostate cancer, includ-
ing large numbers of men with T2 disease who 
demonstrate excellent prostate cancer-specifi c 
survival (up to 10 to 15 years).19 However, the 
outcomes of the Toronto group’s study demon-
strated a signifi cant number of men with 
advanced disease at prostatectomy, including 
8% with positive lymph nodes. A higher actuar-
ial progression rate at 4 years was noted among 
the men with T2 disease compared with T1, 
although this only approached statistical signifi -
cance (44% versus 24% P = .07).40

Most researchers agree that a Gleason score 
of 3 + 3 or less is an appropriate grade for 
expectant management. However, some groups 
have included men with Gleason 7 disease. 
Albertsen and associates27 demonstrated that at 
20 years, 27% of the men with Gleason 6 disease 
at diagnosis who were treated conservatively or 
with hormonal therapy for localized prostate 
cancer had died from prostate cancer, whereas 
67% had died from other causes. For men with 
Gleason 7 disease, 45% died from prostate 
cancer, whereas 51% died from other causes, 
suggesting increased risk of death from prostate 
cancer in Gleason 7 versus Gleason 6 disease. 
Thus, although controversial, the authors of this 
paper do not advocate the inclusion of men with 
Gleason 7 disease.

PSA kinetics has proved to be a contentious 
issue in expectant management. The group from 
Johns Hopkins uses only PSA density as an 
inclusion criterion (as outlined above) in refer-
ence to PSA. Other groups have advocated using 
PSA doubling time as a trigger for intervention, 
but not in the initial selection of patients.40 
D’Amico and colleagues56 have shown an 
increased risk of death from prostate cancer in 
men with an increase in PSA of more than 2 ng/
mL/year in the year before undergoing radical 
prostatectomy compared with those with a PSA 
increase of less than 2 ng/mL/year. Thus, it 
seems prudent to avoid expectant management 
in men with a rise in their PSA of more than 
2 ng/mL/year in the year before diagnosis.

Pathologic analysis of biopsy specimens can 
be very helpful in identifying low-risk disease 
as evidenced by the Epstein criteria outlined 
above.35 El-Geneidy and coworkers23 and Panag-
iotou and coworkers24 found that the percentage 

of cores positive for cancer were predictive of 
progression of men to therapy in their expectant 
management programs. However, this criterion 
also remains controversial both as a criterion 
for the selection of patients for expectant 
management and as a trigger for defi nitive 
management.

No single consensus exists for determining 
the best candidates for expectant management 
programs. Indeed, it is likely that several systems 
will ultimately demonstrate effi cacy in this 
regard. The common goal of all these approaches 
is to pick the lowest-risk men out of the men 
with generally accepted “low-risk” prostate 
cancer. Toward this end, the Standard Treat-
ment Against Restricted Treatment (START) 
trial, a prospective randomized trial of expect-
ant management versus standard defi nitive 
therapy is currently underway. The trial is orga-
nized by the group from Toronto and is based 
on their protocol.57 The endpoint is prostate 
cancer-specifi c mortality. This may prove to be 
an important trial for the fi eld of expectant 
management, and we anxiously await its results. 
However, given its endpoint, it may be many 
years before the data become available; until 
then, common sense and the available data pub-
lished in the literature will guide the expectant 
management with curative intent of prostate 
cancer.

Conclusion

Prostate cancer encompasses a wide variety of 
diseases with disparate outcomes. Some men 
with prostate cancer, either because of a short 
life expectancy or because of an indolent form 
of disease, are likely to die of diseases other than 
prostate cancer. A signifi cant and expanding 
body of literature has documented, both pro-
spectively and retrospectively, that conservative 
or expectant management of prostate cancer 
with curative intent may be an ideal strategy for 
some men with prostate cancer.

Many questions remain to be answered, such 
as “For whom is expectant management a safe 
option?” “What are the selection criteria to 
determine whom to enroll in an expectant man-
agement program?” “What should be the trig-
gers for intervention in a person who is being 
followed up in an expectant management 
program?”
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Work is ongoing to determine answers to 
these questions. The development of new bio-
markers and the design and implementation of 
randomized trials will help to shape our under-
standing of prostate cancer in general and in the 
optimum parameters for its expectant manage-
ment. We may then hope to be able to spare 
patients who would otherwise never be affected 
by prostate cancer in their lifetime from the 
morbidity of unnecessary treatment.
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5
Open Radical Retropubic 
Prostatectomy: Technique 
and Outcomes

Misop Han and William J. Catalona

K E Y  P O I N T S
● Excellent long-term outcome data of open radical 

retropubic prostatectomy are available in cancer 
control as well as in the preservation of potency and 
continence.

● Many clinical and pathologic parameters are associ-
ated with cancer control and return of urinary con-
tinence and potency following surgery.

● Over the past two decades, widespread screening for 
prostate cancer and better patient selection have 
resulted in a favorable shift of these parameters and 
improved surgical outcomes.

metastases and death from prostate cancer.5,6 
Therefore, the rationale for surgical treatment 
of clinically localized prostate cancer is more 
compelling than ever.

Anatomic radical retropubic prostatectomy 
has become the gold standard surgical treatment 
for prostate cancer for the past 25 years. Excel-
lent long-term outcome data of open radical 
retropubic prostatectomy are available in cancer 
control as well as in the preservation of potency 
and continence. In this chapter, we discuss the 
technique, outcomes, and complications of ana-
tomic radical retropubic prostatectomy using 
the senior author’s surgical series, now including 
more than 4800 anatomic radical prostatecto-
mies as an example. It not only is representative 
of large modern prostatectomy series but also 
includes all men who underwent surgery in the 
analysis, even those with known adverse prog-
nostic features.

Patient Selection

An ideal candidate for radical prostatectomy 
should have a life expectancy of at least 10 
years, a completely resectable and biologically 
signifi cant tumor, and no comorbidity that might 
make the operation unacceptably risky. Actuar-
ial life tables can project the life expectancy of 
U.S. men,7 and with appropriate adjustment for 
comorbidities, life expectancy can be estimated 
for the individual patient.

After confi rming the likelihood of a suffi -
ciently long life expectancy, the next step in 
patient selection is to identify those with poten-
tially curable disease. Radical prostatectomy 
provides the best chance for cure in men whose 
tumor is confi ned to the prostate gland. As a 

Introduction

Since the early 1980s, the management of 
patients with clinically localized prostate cancer 
has changed dramatically. Widespread screening 
with serum prostate-specifi c antigen (PSA) and 
digital rectal examination has allowed much 
earlier detection of prostate cancer.1,2 The mod-
ifi cation of surgical technique of radical retropu-
bic prostatectomy by Walsh and Donker3 has 
allowed better hemostasis, improved visualiza-
tion during dissection, and preservation of neu-
rovascular bundles supplying corpora cavernosa. 
As a result, radical prostatectomy can be per-
formed with a high cure rate while preserving 
urinary continence and erectile potency in the 
majority of patients. Thus, radical prostatec-
tomy has become the most commonly per-
formed treatment for clinically localized prostate 
cancer with abundant long-term data confi rming 
its effi cacy.4 Recently, a prospective, random-
ized trial (the fi rst to adequately test the effec-
tiveness of radical prostatectomy) demonstrated 
that radical prostatectomy reduces the rates of 
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result of widespread screening for prostate 
cancer and more restrictive preoperative patient 
selection, the proportion of men with organ- 
or specimen-confi ned disease has increased in 
recent years.8 However, the accuracy of conven-
tional radiographic imaging studies in staging 
prostate cancer has been limited. Therefore, 
nomograms predicting the pathologic stage 
based on preoperative clinical and pathologic 
parameters have been widely used to identify 
patients who are likely to benefi t from the surgi-
cal resection and those who are not.9,10 Alterna-
tively, nomograms predicting postsurgical or 
post–radiation therapy recurrence-free survival 
probabilities also are sometimes useful for 
patients.11–13 For patients with a low probability 
of resectable disease or a short life expectancy 
due to age or comorbidity, an alternative treat-
ment to surgery should be recommended.

For the patient to have realistic expectations 
concerning postoperative potency and conti-
nence outcomes, the surgeon should provide the 
patient with relevant information on the nerve-
sparing aspect of radical prostatectomy during 
the preoperative consultation. Anatomic nerve-
sparing radical retropubic prostatectomy is a 
safe choice without compromising cancer control 
in appropriately selected patients. Nerve-sparing 
radical prostatectomy is inappropriate in men 
with locally advanced disease, especially if the 
primary goal of the surgery is cancer control. 
The feasibility of the nerve-sparing surgery 
is questionable when a patient has extensive 
involvement by cancer according to prostate 
biopsies, palpable evidence on digital rectal 
examination of possible extraprostatic exten-
sion, a serum PSA level greater than 10 ng/mL, 
a biopsy Gleason score greater than 7, poor-
quality erections preoperatively, a lack of inter-
est and/or willingness of a partner in restoring 
potency, or the presence of other medical condi-
tions that may adversely affect potency, such as 
diabetes mellitus, hypertension, psychological or 
psychiatric diseases, and neurologic diseases and 
medications. Therefore, it is important to review 
the clinicopathologic features of the tumor and 
the patient’s medical history and erectile func-
tion status before embarking on a nerve-sparing 
operation.

After discussing the prospects for preserva-
tion of potency, information on the treatment 
of erectile dysfunction should be imparted. This 
should include information on phosphodiester-

ase inhibitors, intraurethral and intracorporal 
vasodilators, vacuum erection devices, venous 
fl ow constrictors, and artifi cial penile prosthe-
ses. The discussion should include the anti-
cipated postoperative erectile rehabilitation 
program to be used and the timing of the return 
of erections, which usually begins 3 to 6 months 
postoperatively and lasts for up to 36 months. 
If erectile function is of paramount importance, 
the patient can be reassured that erections can 
be almost always restored, regardless of whether 
or not nerve-sparing surgery can be successfully 
performed.

Finally, the surgeon should discuss the pos-
sible need for and the potential side effects of 
adjuvant radiation therapy or hormonal therapy 
if the fi nal pathology report reveals adverse 
prognostic features. At the end of the preopera-
tive counseling session, if nerve-sparing radical 
retropubic prostatectomy is appropriate, the 
patient and spouse or partner should sign an 
informed consent form authorizing a surgeon to 
perform the procedure.

Surgical Technique

Before the operation, a fi rst-generation cephalo-
sporin (or appropriate substitute, if the patient 
is allergic to cephalosporins) antibiotic is given 
intravenously. After a general endotracheal or 
regional anesthesia is administered, thigh-high 
elastic hose are placed on the patient. Sequential 
compression devices are used only in patients 
with increased risk for thromboembolic compli-
cations. The patient is positioned with his legs 
on spreader bars, and the operating table is dor-
sifl exed with the break just above the patient’s 
anterosuperior iliac spine (Fig. 5-1). The 
abdomen and genitalia are appropriately prepped 
and draped.

There are nine key steps in performing ana-
tomic nerve-sparing radical prostatectomy: (1) a 
limited pelvic lymphadenectomy; (2) incision of 
the endopelvic fascia and the puboprostatic liga-
ments; (3) proximal and distal suture ligation 
and transection of the dorsal venous complex; 
(4) placement of hemostatic sutures in the neu-
rovascular bundles and the prostatic pedicles; 
(5) dissection of the prostate from the neuro-
vascular bundles; (6) vascular control and tran-
section of the prostatic pedicles; (7) transection 
and reconstruction of the bladder neck; (8) dis-
section of the seminal vesicles and ampullary 
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portions of the vasa deferentia; and (9) perfor-
mance of the vesicourethral anastomosis. These 
steps are described in detail in the following text 
with corresponding illustrations.

Limited Pelvic Lymphadenectomy

A superfi cial midline (or transverse) lower 
abdominal incision is made with a scalpel. The 
linea alba is incised and the space of Retzius is 
entered. Anatomic radical retropubic prostatec-
tomy performed in the extraperitoneal space is 
arguably less invasive than the laparoscopic and 
robotic prostatectomy in which a transperito-
neal approach is frequently used. By avoiding 
any entry into the peritoneal cavity, anatomic 
radical retropubic prostatectomy can be per-
formed while minimizing the risk of injury to 
bowel, major vascular structures, and other adja-
cent organs. In addition, the cosmetic results are 
not signifi cantly different between a single infra-
umbilical incision for anatomic radical retropu-
bic prostatectomy and multiple laparoscopic 

ports site incisions and an incision for prostate 
removal during laparoscopic or robotic 
prostatectomy.

Taking care to avoid disrupting the lymphatic 
tissue lateral to the external iliac vein and to 
avoid compression of the vein itself, a Balfour 
retractor is placed. A modifi ed pelvic lymphad-
enectomy is performed, removing only the 
lymph nodes medial to the external iliac vein. 
Care is taken during the lymphadenectomy to 
preserve any accessory arterial branches to the 
corpora cavernosa that arise from the distal 
external iliac or obturator arteries. The obtura-
tor nerve is identifi ed and preserved. In most 
incidences, the patient elects to have the pros-
tate gland removed, even if there are pelvic 
lymph node metastases. If the patient elects not 
to have the prostate removed and there are 
lymph node metastases, frozen-section exami-
nation of the lymph nodes is performed. If 
frozen sections reveal metastatic cancer, the 
operation is terminated. Lymphadenectomy is 
optional in patients who have a low risk for 

A

B

Figure 5-1. Positioning of the patient. A, Legs are separated on spreader bars. B, The operating table is fl exed with 
the break just above the patient’s anterosuperior iliac spine.



Chapter 5 Open Radical Retropubic Prostatectomy108

pelvic lymph node metastases by virtue of a low 
Gleason grade, low PSA, and low biopsy tumor 
volume.

After completing the lymphadenectomy, the 
adipose and areolar tissues are swept gently 
from the anterior surface of the prostate and the 
endopelvic fascia to expose the puboprostatic 
ligaments. Care is taken to avoid injury to the 
perforating branches of Santorini plexus that 
pierce the endopelvic fascia between the pubo-
prostatic ligaments and pass cephalad on the 
anterior surface of the prostate gland and 
bladder.

Incision of the Endopelvic Fascia and the 
Puboprostatic Ligaments

The endopelvic fascia is incised in the groove 
between the levator ani muscles and the lateral 
border of the prostate (Fig. 5-2). Inside the 
endopelvic fascia, the lateral surface of the pros-
tate is covered by a smooth, glistening mem-
brane overlying the lateral portion of Santorini 
plexus. Strands of the levator ani muscles are 
gently dissected off the prostate to the level of 
the urogenital diaphragm. Often, venous tribu-
taries pass from the levator ani muscles to the 
prostate just lateral to the puboprostatic liga-

ments. These vessels are either cauterized, 
secured with hemostatic clips, or ligated later-
ally, and then clamped medially with a delicate 
snub-nose right-angled clamp. After the vein is 
transected sharply, its medial portion is ligated. 
When the endopelvic fascia has been opened 
from the base to the apex of the prostate, the 
superfi cial branch of Santorini plexus is gently 
retracted medially, and the puboprostatic liga-
ments are placed on stretch and divided close to 
the pubic symphysis (Fig. 5-3). Care is taken not 
to divide the puboprostatic ligaments too medi-
ally or too far under the pubic symphysis to 
avoid injuring the dorsal venous complex.

Suture Ligation and Transection of the 
Dorsal Venous Complex

After the puboprostatic ligaments have been 
divided, the lateral surfaces of the urethra are 
palpated. The groove between the anterior 
surface of the urethra and the dorsal venous 
complex is developed with a pinching motion 
of the left index fi nger and thumb. The plane 
between the urethra and the dorsal venous 
complex is then developed gently, fi rst with a 
large right-angle clamp. This facilitates tight 
ligation of the dorsal venous complex. After the 

Endopelvic fascia

Figure 5-2. The endopelvic fascia is incised in the groove between the levator ani muscles and the lateral border of the 
prostate.
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Puboprostatic
ligament

Figure 5-3. The puboprostatic ligaments are placed on stretch and incised.

dorsal venous complex has been ligated, it is also 
suture-ligated in a slightly more caudal site with 
a 2-0 chromic catgut suture on a CT-1 needle 
(Fig. 5-4). A suture ligature is also placed in the 
anterior surface of the prostate to reduce the 
back-bleeding from Santorini plexus (Fig. 5-5).

Dorsal venous
complex

Figure 5-4. The dorsal venous complex is suture ligated with a 2-0 chromic catgut suture on a CT-1 needle.

The right-angle clamp is then passed behind 
the dorsal venous complex, and the jaws of the 
clamp are spread. The dorsal venous complex 
is transected with electrocautery or a scalpel 
(Fig. 5-6). Back-bleeding from the dorsal venous 
complex is controlled with fi gure-of-eight 3-0 
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Dorsal venous
complex

Dorsal venous
complex

Figure 5-5. To reduce back-bleeding from Santorini plexus, the cephalad aspect of the dorsal venous complex is suture 
ligated.

Figure 5-6. The dorsal venous complex is transected with a right-angle clamp jaws spread behind the complex.

sutures. It is important to obtain good hemo-
stasis so that the apical dissection of the pros-
tate may be performed in a relatively bloodless 
fi eld. If the dorsal venous complex ligature 
slips off, the complex is oversewn using a 3-0 
chromic catgut suture on a 5/8-circle needle. 

The goal in oversewing the complex is to pass 
the suture just through the lateral borders 
of the complex itself in its anterior, middle, 
and posterior aspects, respectively. Wide, 
imprecisely placed sutures may damage the 
neurovascular bundles.
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The anterior surface of the urethra is pal-
pated between the neurovascular bundles. The 
circumurethral sphincter muscle and the ante-
rior wall of the urethra are incised with a 
scalpel just distal to the apex of the prostate 
without dissecting around the lateral or poste-
rior surfaces of the urethra (Figs. 5-7 and 5-8). 
The incision should not be carried too far later-
ally, where it may injure the neurovascular 
bundles. The urethral catheter is exposed and 

carefully hooked with a delicate right-angle 
clamp. Gentle traction on the clamp in a ceph-
alad direction exposes the posterior urethral 
wall. The catheter is divided and placed on 
cephalad traction; the posterior urethral wall is 
sharply transected. Fibromuscular bands teth-
ering the apex of the prostate to the pelvic 
fl oor are incised using sharp dissection (Fig. 
5-9). The rectourethralis muscle is incised, 
exposing the prerectal fat.

External sphincter

Anterior urethral wall

Figure 5-7. The circumurethral external sphincter muscle fi bers are incised to expose the urethra.

Figure 5-8. The anterior wall of the urethra is incised with a scalpel without dissecting around the lateral or posterior 
surfaces of the urethra.
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Placement of Prophylactic Hemostatic 
Sutures in the Neurovascular Bundles and 
Prostatic Pedicles

To reduce bleeding during the dissection of the 
neurovascular bundles and prostatic pedicles in 
a manner similar to that achieved with the pneu-
moperitoneum during laparoscopic surgery, 
“prophylactic” hemostatic fi gure-of-eight suture 
ligatures of 4-0 plain catgut are placed in the 
neurovascular bundles lateral to the prostate. 
Similarly, 3-0 suture ligatures are placed in the 
prostatic pedicles. After these sutures have been 
placed on both sides of the prostate, sharp, 
energy-free dissection can be used to dissect the 
neurovascular bundles from the prostate. The 
prophylactic hemostatic sutures are tied “softly” 
to avoid crushing the nerve fi bers in the neuro-
vascular bundles, and the plain catgut sutures 
are quickly absorbed. Using this technique, the 
use of hemostatic clips and sutures that may 
permanently entrap the neurovascular bundles 
can be avoided.

Separation of the Prostate from the 
Neurovascular Bundles

The lateral pelvic fascia is incised from the apex 
of the prostate to the base. A delicate right-angle 

clamp may be used to elevate the lateral pelvic 
fascia from the underlying veins on the surface 
of the prostate. Small perforating bleeders 
not controlled by the prophylactic hemostatic 
sutures may be secured with hemoclips, ties, or 
ligatures to ensure adequate hemostasis. The 
posterolateral groove between the prostate and 
the neurovascular bundles is developed using 
sharp and blunt dissection, allowing the prostate 
to assume a more anterior position in the 
pelvis.

The lateral aspect of the prostate is then dis-
sected from the neurovascular bundles, allowing 
the bundles to retract laterally. In a case of 
extensive fi brosis, the dissection is performed 
only sharply to avoid tearing into the rectum 
with blunt dissection. The dissection is carried 
cephalad until the portion of Denonvilliers fascia 
covering the ampullary portions of the vasa def-
erentia and the seminal vesicles is exposed (Fig. 
5-10). Denonvilliers fascia is incised with the 
cautery. The Metzenbaum scissors are then used 
to develop the proper plane of dissection for the 
prostatic vascular pedicles. If there is continued 
bleeding from the periurethral tissues and apical 
pedicles of the prostate, hemostatic sutures 
should be placed at this juncture to avoid con-
tinued blood loss during the remainder of the 
procedure.

Prostate

Prostate
apical

pedicle

Neurovascular
bundle

Figure 5-9. The apical pedicles of the prostate may require suture ligation. Fibromuscular bands tethering the apex of 
the prostate to the pelvic fl oor are incised using sharp dissection. The prostate gland is dissected from neurovascular 
bundles.
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Vascular Control and Transection of 
Prostatic Pedicles

The prostatic pedicles are divided by inserting 
the right-angled clamp medial to them, with the 
tip of the clamp directed almost parallel to the 
lateral surface of the prostate. The prostatic 
pedicle is ligated or hemoclipped laterally, taking 
care to place the tie or clip medial to the neu-
rovascular bundle (Fig. 5-11). The pedicle is 
divided close to the prostate. This dissection is 
performed on both sides to a point just cephalad 
to the seminal vesicles. Care is taken when dis-
secting near the seminal vesicles to avoid injur-
ing the neurovascular bundles that are situated 
just lateral to the seminal vesicles. The seminal 
vesicles are freed from the bladder base using 
sharp and blunt dissection, and a large right-
angle clamp is used to further develop this plane. 
Two hemostatic sutures of 3-0 chromic catgut 
are placed in the lateral bladder pedicles cepha-
lad to the seminal vesicles, one just lateral to the 
prostate and another just medial to the neuro-
vascular bundles. The lateral bladder neck fi bers 
are then partially incised with the cautery, but 
are not incised through their entire thickness.

Transection and Reconstruction of the 
Bladder Neck

The anterior bladder neck is transected with 
electrocautery in the natural groove between the 
bladder and the prostate. The bladder neck 
opening is enlarged with scissors, and the cath-
eter is pulled through and used as a tractor on 
the prostate (Fig. 5-12). The posterior bladder 
neck is incised with the cautery. The muscular 
attachments between the bladder and the pros-
tate are divided using electrocautery and/or 
hemostatic clips for hemostasis.

Dissection of Seminal Vesicles and 
Ampullary Portions of the Vasa Deferentia

The seminal vesicles are dissected fi rst along 
their lateral edges, carrying the plane of dissec-
tion medially. Many small perforating arteries 
enter the lateral and terminal portions of the 
seminal vesicles. These are secured with small 
hemoclips. The ampullae are freed, using sharp 
and blunt dissection, and then are clipped and 
transected. After the seminal vesicles have been 
dissected to their tips and the hemoclips placed, 

Denonvilliers
fascia

Figure 5-10. The dissection is carried cephalad until the portion of Denonvilliers fascia covering the ampullary portions of 
the vasa deferentia and the seminal vesicles is exposed. Denonvilliers fascia is incised with the cautery; it is incised to 
expose vascular pedicles at the prostate base.
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the surgical specimen is removed. At this point, 
the pelvis is carefully inspected for hemostasis. 
Small bleeders on the neurovascular bundles 
may require 4-0 absorbable suture ligatures. It 
is important not to use the cautery for hemosta-
sis on the neurovascular bundles to avoid cautery 

injury to the cavernosal nerves. Suture ligatures 
of 3-0 or 4-0 absorbable material are placed in 
the “pockets” of the seminal vesicle pedicles on 
the medial aspects of the neurovascular bundles 
to ensure good hemostasis in this diffi cult-to-
visualize region.

Prostate
base pedicle

Ureteral
orifices

Figure 5-11. Prostate base pedicle is ligated or hemoclipped laterally, taking care to place the tie medial to the 
neurovascular bundle.

Figure 5-12. The anterior bladder neck is transected in the natural groove between the bladder and the prostate. The 
bladder neck opening is enlarged with scissors. The ureteral orifi ces are identifi ed.
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Vesico-Urethral Anastomosis

Reconstruction of the bladder neck begins by 
placing a continuous running everting suture of 
3-0 chromic catgut that encompasses bladder 
mucosa and underlying muscle for a distance of 
nearly the entire anastomotic circumference 
(Fig. 5-13). The bladder neck is then recon-
structed in a tennis racket fashion, with the 
handle of the racket directed posteriorly. The 
bladder neck closure is accomplished with a 
continuous 2-0 chromic catgut suture. Care 
should be taken to avoid compromising the ure-
teral orifi ces. The bladder neck is closed to a size 
of approximately 22 to 24F.

An 18F catheter is passed through the urethra. 
While an assistant exerts pressure on the 
perineum with a sponge forceps to better expose 
the cut end of the urethra (Fig. 5-14), double-
armed 2-0 chromic catgut sutures are used for 
the vesicourethral anastomosis (Fig. 5-15). A 
5/8-circle needle is used to place the sutures in 
the urethra from inside to outside, avoiding 
placing the suture into the neurovascular bundles. 
The tip of the catheter is grasped and brought 
out of the wound to expose the posterior lip of 
the cut end of the urethra. The posterior sutures 
are similarly placed. The anterior sutures are 
placed at the 10 o’clock and 2 o’clock positions, 
and the posterior sutures are placed at the 5 
o’clock and 7 o’clock positions. In addition, a 

stronger 2-0 monocryl suture is placed at the 6 
o’clock position to secure the most posterior 
aspect of the reconstructed bladder neck to the 
urethral stump. The other ends of the sutures 
containing an SH 3/8-circle needle are placed in 
the corresponding positions of the bladder neck 
from inside to outside. These sutures encompass 
mucosa and muscle and exit at the edge of the 
mucosa. The catheter tip is placed in the bladder, 
and the bladder neck is guided gently toward the 
cut end of the urethra. The anastomotic sutures 
are tied carefully under direct vision. The bladder 
is then irrigated free of clots, and a single suction 
drain is placed in the pelvis and brought out the 
lower end of the wound. The incision is closed 
with #1 loop Maxon running sutures on the 
fascia, a 2-0 chromic catgut suture on the sub-
cutaneous tissue, and a 4-0 polyglycolic acid 
subcuticular suture on the skin. The skin incision 
is covered with Steristrips.

Postoperative Care

Patients are ambulated with assistance once on 
the night of surgery, fi ve times on the fi rst post-
operative day, and seven times on the second 
postoperative day. A clear liquid diet is given on 
the night of surgery, advancing to a regular diet 
as tolerated on the following days. A suction 
drain and dressing are removed on the second 
postoperative day. Intravenous antibiotics are 

Bladder
neck opening

Mucosal-
everting
sutures

Figure 5-13. A continuous running mucosa-everting suture of 3-0 chromic catgut is placed for a distance of nearly the 
entire anastomotic circumference.
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Cut end of
the urethra

Cut end of
the urethra

Reconstructed
bladder neck

Figure 5-14. Perineal pressure is applied with a sponge forceps to better expose the cut end of the urethra.

Figure 5-15. Double-armed 2-0 chromic catgut sutures are used for the vesicourethral anastomosis.
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discontinued after the suction drain is removed. 
For analgesia, ketorolac (30–60 mg) is given 
intravenously every 6 hours for the fi rst 48 
hours. It may be supplemented sparingly with 
morphine, as needed.

Although some claim a quicker recovery after 
laparoscopic surgery compared with anatomic 
radical retropubic prostatectomy, a recent study 
has shown similar low narcotic usage and patient-
reported pain scores regardless of which 
approach was used.14 Therefore, the same clini-
cal care pathway, without a signifi cant differ-
ence in length of hospital stay, can be applied to 
patients treated by either open radical prosta-
tectomy or laparoscopic/robot-assisted radical 
prostatectomy.15 Most patients are discharged 
from the hospital on the second or third post-
operative day after anatomic radical retropubic 
prostatectomy.

Antibiotic ointment is applied to the urethral 
meatus around the catheter four to six times a 
day until catheter removal. The catheter may be 
removed on either the seventh, tenth, or four-
teenth postoperative day, depending on the per-
ceived amount of tension on the vesicourethral 
anastomosis. A cystogram is not performed 
before removing the catheter unless an anasto-
motic leak is suspected. The catheter should not 
be removed before 7 days, since 10% to 15% of 
men may experience urinary retention from 
edema and require re-catheterization.16,17 Oral 
fl uoroquinolone is given 1 day before and 1 week 
after catheter removal. Daily Kegel exercises are 
performed in four sets of ten, before the surgery 
and after the catheter removal until continence 
returns. A protective pad or diaper is used until 
a complete urinary control is achieved. The fi rst 
postoperative serum PSA level is measured 1 
month after the operation.

Cancer Control Outcome

The most important objective of radical prosta-
tectomy is cancer control. A rising serum PSA 
level is usually the earliest evidence of recur-
rence or progression following prostatectomy.18 
Because follow-up data are not suffi ciently 
mature to effectively evaluate cancer-specifi c 
survival trends, biochemical recurrence (detect-
able serum PSA)-free survival has been used 
frequently as a surrogate in evaluating the treat-
ment effi cacy in radical retropubic prostatec-
tomy series.19–21

Analyses of the fi rst author’s series recently 
have been reported.21–23 They include almost 
3500 men who underwent anatomic radical ret-
ropubic prostatectomy between 1983 and 2003, 
including those with adverse prognostic features. 
Cancer progression was defi ned as detectable 
serum PSA (more than 0.2 ng/mL), local recur-
rence, or distant metastases. With a mean 
follow-up of 65 months (range 0 to 233), actu-
arial 10-year cancer progression-free survival 
probability was 68%. Actuarial 10-year cancer-
specifi c and overall survival rates were 97% and 
83%, respectively. Other larger radical prosta-
tectomy series have reported similar excellent 
results.19,20 Similar long-term oncologic outcome 
results are not yet available in laparoscopic or 
robotic prostatectomy series.

Cancer progression after radical prostatec-
tomy was strongly associated with clinical and 
pathologic parameters, including Gleason grade, 
clinical and pathologic tumor stage, era of treat-
ment, and patient age. For example, the preop-
erative serum PSA level was inversely related to 
both the percentage of patients with organ-con-
fi ned disease and the 10-year progression-free 
survival rate. Patient selection and the duration 
and frequency of follow-up monitoring are criti-
cal in determining outcomes as well. Therefore, 
factors other than treatment effectiveness can 
infl uence treatment outcomes. Accordingly, 
caution is indicated in comparing the results of 
contemporary radical prostatectomy series using 
different patient selection criteria and follow-up 
protocols.

Urinary Continence Outcome

The overall urinary continence outcome follow-
ing nerve-sparing radical retropubic prostatec-
tomy was excellent in the current series. More 
than 93% of men achieved complete urinary 
continence, defi ned as requiring no protection 
for daily activities.22 The return of urinary con-
tinence was strongly associated with the age of 
the patient. For example, more than 95% of 
men younger than age 50 were continent follow-
ing surgery. In contrast, 86% of men above age 
70 were continent postoperatively. Only four 
men (0.2%) eventually required an artifi cial 
urinary sphincter placement for stress urinary 
incontinence. The relative long-term functional 
outcomes of laparoscopic and robotic prostatec-
tomy methods are yet unknown.
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Erectile Function Outcome

There are several possible goals of the nerve-
sparing aspect of radical retropubic prostatec-
tomy. Patients with intact libido and erectile 
potency want to maintain current quality of 
erections or erections suffi cient for penetration 
with the help of oral medication, such as phos-
phodiesterase type 5 inhibitors. Others with 
poor-quality erections preoperatively might 
accept erections that at least offer some rigidity 
to provide sensory satisfaction for both sexual 
partners. The erectile potency in the current 
series was defi ned as an ability to maintain erec-
tions strong enough for penetration with or 
without the help of oral phosphodiesterase 
inhibitor.

The return of erectile potency after radical 
retropubic prostatectomy was strongly associ-
ated with the age of the patient, the preopera-
tive potency status, the nerve-sparing status 
(bilateral versus partial sparing), and the era of 
surgery (1980s versus 1990s).22 More than 75% 
of men younger than age 60 regained potency 
following bilateral nerve-sparing radical retro-
pubic prostatectomy. For men below age 50, 
more than 95% recovered potency following 
surgery, in the modern era. Between 62% and 
72% of men in their 60s became potent follow-
ing bilateral nerve-sparing surgery. Finally, there 
was a signifi cant improvement in recovery of 
potency in men treated in the 1990s compared 
to those treated in the 1980s, even after cor-
recting for the age and nerve-sparing status. In 
the most favorable candidates in whom preop-
erative potency is normal and bilateral nerve-
sparing surgery can be performed, approximately 
95% in their 40s, 85% in their 50s, 75% in their 
60s, and 50% in their 70s recover erections 
suffi cient for penetration and intercourse with 
or without the aid of phosphodiesterase type 5 
inhibitors.

The senior author strongly encourages 
patients to begin an erectile dysfunction 
rehabilitation program beginning 1 month 
postoperatively, using intracavernosal injec-
tions of Tri-Mix two to three times per week. 
This regimen provides excellent rigid erections 
with well-oxygenated arterial blood and 
also provides the patient with a method to 
return to a relatively normal sex life soon 
after surgery.

Complications

The American College of Surgeons reported a 
perioperative (within 30 days of surgery) mor-
ta lity rate of 0.4% following radical prostatec-
tomy.24 In the current series there was no 
intraoperative or immediate postoperative mor-
tality. With a careful selection of patients and 
performance of necessary cardiovascular evalua-
tion, perioperative mortality can be largely 
avoided.

The overall complication rate of radical 
pro statectomy was 9% in the current series.25 
Initially, the complications occurred more com-
monly in older men, but the overall com plication 
rate gradually decreased with the surgeon’s 
experience. The most common complications of 
anatomic nerve-sparing radical retropubic pros-
tatectomy included anastomotic stricture 
(bladder neck contracture), thromboembolic 
complications (deep vein thrombosis and pul-
monary embolism), and postoperative inguinal 
hernia. In the current series, the rate of anasto-
motic stricture decreased from 8% in the 1980s 
to less than 1% after 1990. Similarly, a marked 
decrease in thromboembolic events was observed 
with the rate decreasing from 3% to 1% during 
the past 20 years. Other rare complications (less 
than 1%) associated with radical prostatectomy 
included infection, lymphocele formation, neu-
rologic defi cit, and cardiovascular events.

Anastomotic stricture can be initially managed 
with a gentle, serial dilation. Alternatively, a 
careful internal urethrotomy can be performed. 
For a long and persistent stricture, a transurethral 
resection of the scar tissue cephalad to the exter-
nal sphincter may be necessary. Care should be 
taken to avoid cutting too deeply in the posterior 
direction to avoid creating a fi stula with the 
rectum. After resection, triamcinolone can be 
injected via a cystoscopic approach to prevent 
infl ammatory response and subsequent, recur-
rent scar formation. Usually, an interval of self 
catheter dilation of the anastomosis is required.

Inadvertent injury to the obturator nerve can 
occur during the pelvic lymphadenectomy. 
When a tension-free primary nerve repair is not 
feasible, nerve grafting can be performed using 
either the sural nerve or the lateral antebrachial 
cutaneous nerve.26 However, even without a 
nerve repair, conservative management with 
physical therapy can compensate for the defi cit, 
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and many patients do not exhibit signifi cant 
thigh adductor defi cit after the injury.27

An injury to the ureter can occur inadver-
tently during the transection of bladder neck or 
the dissection of the lateral prostate pedicles. 
When recognized, a simple mobilization of the 
distal ureter and ureteroneocystostomy should 
be performed. The reimplanted ureter should 
be cannulated using a 5 or 8F pediatric feeding 
tube to prevent the urinary obstruction due to 
the edema at the reimplantation site.

Usually, a rectal injury can be repaired using 
primarily a multiple layer closure.28 However, a 
diverting colostomy should be strongly consid-
ered in men with a large rectal defect, a history 
of pelvic radiotherapy, or long-term preopera-
tive steroid therapy.

Conclusions

Anatomic nerve-sparing radical retropubic pros-
tatectomy provides excellent cancer control 
with an acceptable rate of complications in 
appropriately selected patients. Many clinical 
and pathologic parameters are associated with 
cancer control and return of urinary continence 
and potency following surgery. Over the past 
two decades, widespread screening for prostate 
cancer and better patient selection have resulted 
in a favorable shift of these parameters and 
improved surgical outcomes. The treatment 
outcomes after radical prostatectomy are most 
likely to continue to improve as active screening 
for prostate cancer is expanded in the future.
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Radical Prostatectomy
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K E Y  P O I N T S
● A steadily increasing proportion of radical prostatec-

tomies in the United States and Europe are being 
performed using laparoscopic techniques.

● Laparoscopic radical prostatectomy (LRP) can be 
performed either transperitoneally or extraperitone-
ally with or without the assistance of the da Vinci 
surgical robot.

● Potential advantages of the da Vinci robot for pros-
tatectomy include three-dimensional magnifi ed 
vision, tremor fi ltering, and motion scaling and 
instruments with 7 degrees of freedom that more 
accurately replicate human wrist movements.

● Relative disadvantages of LRP include increased cost, 
lack of universal availability at all centers, and a steep 
learning curve for experienced urologic oncologic 
surgeons trained only in open surgical techniques. As 
LRP becomes more widely disseminated and inte-
grated fully into residency training throughout 
urology, these disadvantages will likely become less 
signifi cant.

● Cancer control using LRP appears to be equivalent 
to radical prostatectomy using either the traditional 
open retropubic or the perineal approach.

● LRP, and particularly its robotic variant, is an excel-
lent technique for radical prostatectomy in obese 
patients, who may be more challenging candidates 
for open radical prostatectomy.

● Advantages of LRP over open retropubic radical pros-
tatectomy include less blood loss and postoperative 
pain, as well as an earlier return to full activity.

● Health-related quality of life after LRP appears to be 
excellent. Reported outcomes are at least equivalent 
and perhaps superior to outcomes from open retro-
pubic radical prostatectomy, particularly with respect 
to early return of urinary continence.

management of prostate cancer, in particular, 
has been radically altered over the past decade 
through the application and widespread dis-
semination of laparoscopic techniques. The 
push toward laparoscopic radical prostatectomy 
(LRP) has been fueled in the United States by 
a complex relationship between surgeons seeking 
improved functional outcomes, patients seeking 
less morbid surgical options, and industry part-
ners eager to promote applications for new tech-
nologies (i.e., surgical robotics). This tripartite 
relationship has been at times both extremely 
productive and somewhat controversial. It is 
also important to recognize that these new 
developments arose within the context of a rich 
history of more than 25 years of clinical and 
scientifi c experience with nerve-sparing open 
radical retropubic prostatectomy.

The goal of this chapter is to provide a general 
perspective on the role of laparoscopic and 
robotic-assisted approaches to radical prostatec-
tomy in 2009.

History of Urologic Laparoscopy

Hans Jacobaeus coined the term “laparoscopy” 
in 1910 after using a cystoscope to inspect the 
peritoneal cavity. Laparoscopy has since taken 
on a broader meaning to include all endoscopic 
abdominal or pelvic procedures conducted by 
either an extra or intraperitoneal approach. 
Clayman and colleagues1 fi rst described the use 
of laparoscopy for genitourinary cancer in 1991 
with the fi rst report on laparoscopic radical 
nephrectomy. Schuessler and colleagues2 per-
formed the fi rst human LRP in the early 1990s. 
This group reported in 1997, however, that 
although oncologic control was comparable to 

Over the past 15 years, advances in instru-
mentation, optics, and technique have 

transformed laparoscopy into a viable, safe and 
reliable option for treating urologic malignancies 
in the retroperitoneum and pelvis. The surgical 
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open radical retropubic prostatectomy (RRP), 
LRP was burdened with longer operative times 
and hospital stay. They concluded that LRP 
offered no signifi cant advantage over RRP.

Notwithstanding these observations, two 
centers in France refi ned the LRP procedure and 
built an extensive experience with the technique 
during the late 1990s.3,4 These groups reported 
similar positive margin, continence, and potency 
rates and suggested that LRP was associated 
with decreased perioperative morbidity com-
pared with RRP. The documented success of the 
French investigators with LRP combined with 
the rapid development of surgical robotics 
rekindled interest in laparoscopic approaches to 
radical prostatectomy in the United States. This 
trend is substantiated by the exponential rise 
in the number of publications relating to LRP 
from less than 5 in 1996 to over 120 in 2006 
(Fig. 6-1).

LRP can be performed with or without a 
surgical robot. For the purposes of this chapter, 
LRP refers to any laparoscopic approach to 
radical prostatectomy including or excluding 
robotic assistance.

Patient Selection

The indications for LRP are generally identical 
with those for open radical prostatectomy. LRP 
should be reserved for men who are likely to be 
cured of prostate cancer by surgery and who will 
live long enough to benefi t from that cure. Spe-

cifi cally, patients undergoing LRP should have 
biopsy-proven prostatic adenocarcinoma without 
clinical or radiographic evidence for metastatic 
disease. Moreover, during patient counseling, 
LRP should fi t within a constellation of options 
for prostate cancer management that also 
includes observation, radiation therapy, andro-
gen ablation, cryotherapy, and open surgical 
alternatives.

Absolute contraindications to LRP include 
uncorrectable coagulopathy, active urinary tract 
infection, and the inability to undergo a general 
anesthetic. Relative contraindications include 
prior radiation therapy, pelvic lipomatosis, and 
major medical comorbid disease. Numerous 
factors can also make LRP more technically dif-
fi cult and should be factored into the clinical 
decision-making process, particularly early in a 
surgeon’s experience. These include an extremely 
large prostate gland (more than 100 g); a large 
median prostatic lobe; a history of neoadjuvant 
hormonal therapy; prior pelvic, abdominal, or 
prostate surgery; prior pelvic trauma; or a history 
of documented severe prostatic infection.

When comparing LRP with open RRP, several 
patient characteristics may make the LRP 
approach more attractive. The most notable of 
these factors is obesity. More than 70% of men 
who are candidates for radical prostatectomy are 
classifi ed as overweight or obese by body mass 
index.5 Open retropubic approaches to prosta-
tectomy can be signifi cantly more challenging in 
the obese patient, necessitating a larger incision 
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for operative exposure. RRP is also associated 
with greater intraoperative blood loss in patients 
with a higher body mass index.6 In contrast, LRP 
can be performed in patients with moderate 
obesity with only minor modifi cations in tech-
nique.7–9 LRP may also hold signifi cant advan-
tages in patients with a small retropubic prostate 
gland and a narrow pelvis. In these cases, expo-
sure for dissection of the prostatic apex and the 
urethrovesical anastomosis can be challenging 
with the RRP approach. LRP, and particularly 
its robotic-assisted variant, provides substan-
tially better visualization of the prostatic apex 
in these more challenging cases. Moreover, the 

small size of the long instruments used in 
robotic-assisted LRP allows precise suturing of 
the urethrovesical anastomosis even in the 
setting of a very narrow pelvis.

Technique

Radical prostatectomy involves the removal of 
the entire prostate within its investing fascia 
along with the seminal vesicles and transection of 
the vas deferens. By necessity, this requires the 
removal of the prostatic urethra and reconnec-
tion of the detached bladder neck to the urethra 
via a urethrovesical anastomosis (Fig. 6-2). 
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Figure 6-2. Simplifi ed diagram showing critical anatomic landmarks during radical prostatectomy. A, Prior to 
removal of the prostate. B, After prostate removal. C, After completion of the urethrovesical anastomosis.
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Depending on the grade and stage of disease, 
radical prostatectomy may also include a bilateral 
pelvic lymphadenectomy.

The prostate gland is located in the deep 
pelvis in an extraperitoneal, retropubic potential 
space (the space of Retzius). Radical prostatec-
tomy, therefore, can be performed using either 
an extraperitoneal or a transperitoneal approach 
to the gland. Open radical retropubic prostatec-
tomy is generally performed extraperitoneally, 
whereas LRP has been described using both 
approaches.

Access and Trocar Placement

Laparoscopic surgery requires the development 
and maintenance of a surgical working space, 
usually by insuffl ation with carbon dioxide 
(CO2) under pressure. How that space is devel-
oped differs for the transperitoneal and extra-
peritoneal approaches to LRP.

Transperitoneal access methods can be broken 
down into two broad categories termed “open” 
and “closed” techniques. During open access, an 
incision is made and the peritoneal cavity is 
entered under direct vision at which point a 
blunt trocar is introduced and the abdomen is 
insuffl ated. In the closed access technique, the 
abdomen is initially insuffl ated with carbon 
dioxide via a small needle puncture, and then 
the fi rst trocar is placed. Although both 
approaches have advantages and disadvantages, 
the laparoscopic surgeon should be comfortable 
with either form of access.

Open access techniques are commonly 
referred to as Hasson techniques in reference 
to Dr. Hasson, a laparoscopic gynecologic 
surgeon who popularized this approach.10 To 
perform open access for laparoscopic surgery, 
an incision is made through the skin and sub-
cutaneous tissues until the abdominal wall 
fascia is exposed. The fascia and peritoneum 
are incised, and intraperitoneal access is con-
fi rmed by fi nger dissection. A blunt-tipped 
trocar, with or without a balloon retention 
mechanism, is then inserted under direct vision 
and the abdomen is insuffl ated through this 
trocar. The other working trocars are then 
inserted using standard techniques under sur-
veillance with the laparoscope. The primary 
theoretical advantage of open access is that it 
obviates the need for blind placement of a 
Veress needle into the abdomen for abdominal 

insuffl ation and subsequent insertion of the fi rst 
trocar after establishment of pneumoperito-
neum. There is a general perception among 
surgeons that open access techniques are associ-
ated with a lower incidence of inadvertent 
intra-abdominal organ injury (most notably 
bowel injury). The literature, however, is 
mixed on this issue with some reports 
documenting lower11 and others higher rates of 
intra-abdominal organ injury with open 
techniques.12

Closed access techniques depend on the 
initial placement of a Veress needle into the 
peritoneal cavity to prepare a pneumoperito-
neum. Traditionally, the fi rst working trocar was 
then placed “blindly,” counting on the pneumo-
peritoneum to protect abdominal organs during 
access. This approach can be a source of stress, 
particularly for the novice laparoscopic surgeon. 
Trocars suitable for closed access come in a wide 
variety of styles, which can be broken down into 
four general classes: bladed trocars, nonbladed 
trocars, radially dilating trocars, and visual 
trocars. Most bladed trocars have a guard mech-
anism that deploys and sheaths the blade once 
the trocar passes through the abdominal wall 
and there is a loss of resistance. This mechanism 
serves to protect underlying organs in case the 
surgeon pushes too far with the trocar. Non-
bladed trocars have either a plastic ridge or a 
screw mechanism that helps to pass the trocar 
through the abdominal wall. Radially dilating 
trocars depend on a two-step process for access. 
Initially, a sheath is inserted over a Veress 
needle. The sheath is then dilated to accept 
blunt-tipped trocars of varying diameter. Optical 
trocars accept a zero degree laparoscope and 
allow the trocar to be passed under direct lapa-
roscopic vision. These systems have either a 
plastic cutting ridge or a blade mechanism con-
trolled by a pistol grip. They allow the surgeon 
to visualize structures during trocar placement 
and avoid organ injury.

Extraperitoneal access for LRP involves a 
modifi cation of the open access approach 
described previously. An infraumbilical incision 
is made through the abdominal wall fascia 
and the space of Retzius is identifi ed and 
developed digitally. The larger working space 
is then usually prepared by introducing an 
infl ation balloon. These balloons are available 
in several types, some of which accommodate 
a zero degree laparoscope and allow the devel-
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opment of the working space to be monitored 
visually. The working trocars are then intro-
duced under direct vision after removal of the 
balloon.

Trocar Positioning

Port placement is designed to maximize surgeon 
maneuverability, assistant participation, and 
unobstructed camera manipulation. The total 
number of ports ranges from four to six depend-
ing on whether robotic assistance is used (Fig. 
6-3). The camera port is placed in the perium-
bilical area fi rst and then used to visually guide 
the placement of the working ports. Ports are 
placed just lateral to the rectus abdominal mus-

culature (pararectus) in a confi guration that tri-
angulates in relation to the camera port. The 
pararectus ports serve as the primary working 
ports for the surgeon. Additional ports are placed 
bilaterally bisecting an imaginary line between 
the pararectus trocars and the anterior superior 
iliac spine. These ports are used for retraction 
and assistant participation. Compared with tra-
ditional open RRP, a laparoscopic technique 
may have an advantage with respect to cosmesis. 
In general, the total length of an open incision 
can be up to twice the accumulated size of all 
port incisions required for laparoscopy. Since 
these small port incisions are spread throughout 
the abdominal skin they tend to fade away and 
become less obvious over time.
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Figure 6-3. Standard trocar positions for 
laparoscopic radical prostatectomy with 
and without robotic assistance. During 
robotic surgery, the three robotic working arms 
are inserted through the 8-mm metallic trocars, 
and the fourth robotic arm holds the camera 
through the midline 12-mm port. The remaining 
two trocars are for the bedside assistant. 
Laparoscopic prostatectomy without robotic 
assistance is often performed with only a single 
bedside assistant, in which case the lateral 
5-mm port on the patient’s left is eliminated.
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General Steps of LRP

In the original transperitoneal Montsouris tech-
nique for LRP, the procedure is begun by incis-
ing the peritoneum overlying the vas deferens 
bilaterally. Each vas deferens is dissected free 
of surrounding tissue, transected, and used to 
identify the corresponding seminal vesicle. The 
seminal vesicles are dissected free of surround-
ing tissue and Denonvilliers fascia is opened 
behind the prostate, exposing the perirectal fat 
plane. This plane is developed toward the pros-
tatic apex. After completion of this posterior 
dissection, the peritoneum overlying the bladder 
is incised, and the space of Retzius is developed. 
A representative endoscopic view at this stage is 

shown in Figure 6-4. The endopelvic fascia is 
then entered bilaterally, and the dorsal vein 
complex is ligated using a suture ligature. If a 
nerve-sparing technique is used, the lateral pros-
tatic fascia may be opened at this point to facili-
tate sweeping the nerves controlling erection off 
the posterolateral aspects of the prostate bilater-
ally. The bladder is then separated from the 
prostate by entering the bladder anteriorly and 
carrying this plane of dissection through the pos-
terior bladder neck. Care must be taken during 
this step to avoid injury to the ureteral orifi ces. 
The seminal vesicles and vasa deferentia are 
elevated through the bladder neck, and the pros-
tatic pedicles are transected using hemoclips, 
harmonic scalpel, or cautery for hemostasis. 
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Figure 6-4. Representative endoscopic view after preparation of the space of Retzius. A, Prior to opening the 
endopelvic fascia. B, After opening the left endopelvic fascia and sweeping the levator fi bers off the lateral prostatic 
surface but before transecting the puboprostatic ligament. Note the fi ne level of detail with this view, which facilitates 
precise dissection.
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Nerve sparing is then completed in an antegrade 
fashion toward the prostatic apex (Fig. 6-5). 
The dorsal vein complex is then divided and the 
urethra is defi ned and transected. The laparo-
scopic view during this phase of the operation is 
particularly advantageous because it allows for 
great precision during the critical dissection at 
the prostatic apex (Fig. 6-6). After releasing any 
residual posterior attachments to the rectum, 
the prostate is placed into an extraction bag and 
either removed immediately or placed into the 
peritoneal cavity for subsequent extraction. 
Figure 6-7 shows a view of the prostatic fossa 
after removal of the specimen, highlighting the 
position of the preserved neurovascular bundles 
after bilateral nerve sparing.

If a pelvic lymphadenectomy is planned, it is 
performed laparoscopically before moving on to 
the reconstructive phase of the procedure. After 
achieving hemostasis, the bladder neck is tai-
lored (if necessary), and the urethrovesical anas-

tomosis is performed using either a running or 
interrupted suture technique (Fig. 6-8). A new 
Foley catheter and pelvic drain are placed, and 
the trocar sites are closed to complete the 
procedure.

During an extraperitoneal LRP procedure, 
the space of Retzius has already been prepared 
during abdominal access, and the seminal vesi-
cles are not accessible behind the prostate. The 
seminal vesicle and vas deferens dissections 
occur through the bladder neck after detaching 
the bladder from the prostate later in the case. 
Some surgeons skip the posterior dissection 
phase of the procedure and isolate the seminal 
vesicles through the bladder neck even in trans-
peritoneal cases.

Many modifi cations of this basic technique 
have been described over the past 10 years. 
Notable modifi cations include the use of endo-
vascular staplers to control the dorsal vein, tech-
niques to preserve the endopelvic fascia and 
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Figure 6-5. Antegrade nerve sparing. In 
this view, the prostate has been detached from 
the bladder neck, and the prostatic pedicle has 
been transected. Here, the right neurovascular 
bundle is being dissected off the posterolateral 
aspect of the prostate using cold shears.

Figure 6-6. Apical dissection 
and urethral transection during 
robotic-assisted laparoscopic 
prostatectomy. These 
retropubic structures may be 
diffi cult to visualize during open 
prostatectomy in a deep and 
narrow pelvis. The laparoscopic 
approach provides magnifi cation 
and proximity, which aid in 
dissection at the prostatic apex.
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puboprostatic ligaments during LRP, and myriad 
technical approaches to the urethrovesical anas-
tomosis and nerve sparing. The specifi c details 
of these modifi cations are beyond the scope of 
this review. It is important to stress, however, 
that sound surgical principles refi ned over many 
years of open RRP experience should be applied 
to LRP. These include delicate tissue handling1; 
application of a knowledge of the patient’s spe-
cifi c disease characteristics in planning prosta-
tectomy dissection2; precise dissection at the 
prostatic apex to avoid positive margins and pre-
serve continence mechanisms3; and minimiza-
tion of nerve injury from stretch or energy 
sources during nerve sparing.4

Comparison of Transperitoneal and 
Extraperitoneal LRP Techniques

Advantages of the transperitoneal approach to 
LRP include (1) an ample working space (the 
peritoneal cavity, which allows more fl exibility 

in port placement compared with the extraperi-
toneal approach), and (2) facilitation of the pos-
terior approach to the seminal vesicles, which is 
favored by some prostate surgeons. A disadvan-
tage of transperitoneal LRP is the impingement 
of bowel into the operative fi eld and a poten-
tially longer period of postoperative ileus. Bowel 
can be excluded through the use of steep Tren-
delenburg position or the addition of a second 
assistant instrument to serve as a retractor. Post-
operative urine leakage from the urethrovesical 
anastomosis may also be more problematic after 
transperitoneal LRP because this urine is not 
limited to the extraperitoneal space.

The extraperitoneal LRP technique requires 
less steep Trendelenburg positioning and may be 
slightly faster owing to the elimination of the 
need to develop the space of Retzius as a sepa-
rate step during prostatectomy. A relative advan-
tage also is the ability to combine prostatectomy 
and hernia repairs with mesh without worry 
about adhesion to bowel or fi stula formation. 
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Figure 6-7. A view of the prostatic fossa 
after removal of the prostate specimen 
without (A) and with (B) a graphic 
anatomic overlay. Note the position of the 
urethral stump, rectum, bladder neck, and 
preserved neurovascular bundles (NVB).
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Similarly, the extraperitoneal approach would 
be preferred in patients with a history of multi-
ple abdominal procedures that might make 
transperitoneal access more challenging or dan-
gerous. Disadvantages to the extraperitoneal 
technique include a smaller working space that 
can collapse easily with suctioning during LRP 
and obscure visibility and the potential for 
increased tension at the urethrovesical anasto-
mosis. This problem is rarely encountered with 
the transperitoneal approach because the 
urachus, which anchors the bladder to the ante-
rior abdominal wall, is transected as part of the 
operation. Furthermore, increased CO2 absorp-
tion has been reported with extraperitoneal 
insuffl ation, which can result in hypercarbia and 
associated acidosis requiring higher minute 
ventilation.

Although each technique offers its own 
modest advantages, no single technique has 
shown consistent superiority. Although initial 
comparative reports found the extraperitoneal 
approach to have decreased operative time, 
decreased hospital stay, and an earlier return of 
continence,13 most studies have now established 
that there is essentially no substantive differ-
ence in outcome between intraperitioneal and 
extraperitoneal approaches. Therefore, deciding 
which approach to use for LRP is based on the 
surgeon’s preference and operative experience.

Robotic-Assisted LRP

Robotic-assisted minimally invasive surgery has 
its origins in battlefi eld trauma surgery. It was 
fi rst developed to allow a surgeon to operate 
from a safe distance by commanding the move-
ment of automated surgical manipulators. The 
feasibility of robotic systems like the da Vinci 
surgical system (Intuitive Surgical, Inc., Sunny-
vale, CA) has been established in cardiac, bar-
iatric, endocrine, gynecologic, and urologic 
surgery. Currently, the da Vinci surgical system 
(Fig. 6-9) is the primary system used for robotic-
assisted laparoscopic radical prostatectomy. Its 
popularity for radical prostatectomy in the 
United States has expanded tremendously over 
the past 5 years. In Europe, however, most of 
the LRP procedures continue to be performed 
without robotic assistance.

The potential advantages with robotic tech-
nology include a three-dimensional imaging 
system, 12-fold magnifi cation, tremor fi ltering 
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Figure 6-8. Several steps during the urethrovesical 
anastomosis during robotic-assisted laparoscopic 
prostatectomy. In this sequence, a running 
anastomosis was performed. The posterior “shelf” of the 
anastomosis is secured from the 4 to 8 o’clock position, 
and then the remainder of the anastomosis is sutured 
circumferentially. Wristed robotic instruments make this 
step of the procedure less technically demanding than 
that performed with standard laparoscopic needle drivers.



Chapter 6 Robotic and Laparoscopic Radical Prostatectomy130

Surgeon’s console

Robotic arms and monitor for bedside assistant

Figure 6-9. The da Vinci S surgical system. The system has two components: a virtual-reality console, at which the 
surgeon sits to control the robot; and a unit composed of four robotic manipulator arms, which docks to trocars inserted 
into the patient’s abdomen. The two components are connected by cables and serve as a master-slave system.

and motion scaling, and robotic instruments 
with 7 degrees of freedom that more accurately 
replicate human wrist movements. Three or 
four robotic arms are used to control working 
instruments and a camera, while a bedside assis-
tant uses one or two additional trocars to retract, 

suction, pass sutures, or place hemoclips as 
needed. After mounting the robotic arms to the 
patient, the surgeon sits at a console physically 
separated from the operating table. The sur-
geon’s hands are placed within manipulators and 
his or her hand motions are translated into 
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movement of the robotic instruments using a 
master-slave system.

Robotic technology facilitates complex lapa-
roscopic skills including intracorporeal suturing 
and knot tying, making LRP somewhat easier 
and less fatiguing for the surgeon. This is true 
especially during the early stages of a surgeon’s 
laparoscopic experience. Indeed, in comparing 
learning curves for traditional LRP with robotic 
LRP, several studies have shown that the learn-
ing curve may be signifi cantly reduced when 
applying robotic technology.14,15 There is a very 
steep skills barrier for traditional LRP, particu-
larly for experienced open prostate surgeons 
who have limited laparoscopic experience. The 
da Vinci robot has facilitated a smooth transition 
for many high-volume open-prostate surgeons to 
transition to laparoscopic prostatectomy over a 
relatively short time interval.16,17

Perhaps the biggest limitation of widespread 
use of robotic technology is its exorbitant cost. 
The da Vinci surgical system is priced at over $1 
million not including a service agreement that 
costs more than $100,000 a year. In addition, 
several analyses have shown a signifi cant cost 
disadvantage for robotic-assisted LRP compared 
with standard LRP or open approaches to pros-
tatectomy.18,19 In contrast, traditional LRP in the 
United States has been shown to approach the 
cost of open RRP owing to shorter hospitaliza-
tion and lower transfusion rates.19,20 These 
advantages are somewhat offset in the robotic-
assisted cases by the higher cost of consumables 
and depreciation of the robotic equipment.19 
Despite these fi nancial concerns, competitive 
market forces in the United States are pushing 
an increasing number of surgeons and hospitals 
to embrace robotic-assisted approaches to lapa-
roscopic radical prostatectomy.

Results

Surgical Effi ciency

Surgeon experience in LRP has been reported 
extensively in the literature, and the reader 
is referred to several exhaustive reviews for 
more details.21,22 The fi rst published series by 
Schuessler and colleagues2 in 1997 reported 
operative times of over nine hours. With persis-
tence and improvements in technique and tech-
nology, contemporary series now report LRP 
operative times that range between 2.5 and 5 

hours, and as little as 1.9 hours for robotic-
assisted LRP in high-volume centers.23,24 For 
experienced laparoscopic and robotic surgeons, 
these results compare favorably with operative 
times for open RRP.

Blood Loss

During an open radical prostatectomy, most of 
the bleeding is due to low-pressure venous chan-
nels and divisions of the dorsal venous complex 
draining the penis. Blood loss is often closely 
linked to operative time, since this venous bleed-
ing can be diffi cult to control until the prostate 
specimen is removed. During LRP, insuffl ation 
creates an effective tamponade mechanism that 
minimizes venous bleeding. Blood loss reported 
in most contemporary LRP series is only 100 to 
500 mL.3,17,23 The need for transfusion is also 
signifi cantly decreased after LRP compared with 
that after open prostatectomy in most series.

Recovery

Minimally invasive approaches result in shorter 
hospital stays and reduced postoperative pain 
compared with open approaches for many sur-
gical conditions.25 These benefi ts have been par-
ticularly evident in urology with the application 
of laparoscopy to the treatment of renal disease. 
Through technical improvements and aggressive 
compliance with cost containment strategies, 
mean hospital stays following open radical pros-
tatectomy have decreased to 2 to 3 days at 
most institutions in the United States. In addi-
tion, by making smaller infraumbilical incisions, 
postoperative pain following open radical pros-
tatectomy is tolerable for most patients.26 Early 
LRP series showed no clear advantage in length 
of hospitalization following LRP compared with 
that for open RRP.27,28 However, with matura-
tion of the technique and greater experience, 
an increasing number of institutions are dis-
charging LRP patients on the fi rst postoperative 
day.23,29 Comparative analysis of postoperative 
pain between RRP and LRP is not extensive, 
and although some series show decreased pain 
scores following LRP.29–31 others show no sig-
nifi cant difference.28,32,33 Perhaps an even more 
telling marker of recovery is the time required 
to return to baseline activity after prostatec-
tomy. Several studies reported shorter times to 
full recovery for LRP (30 to 33 days) compared 
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with that for open RRP (45 to 47 days).29,31 In 
conclusion, although there appear to be some 
relative recovery advantages to LRP, these 
advantages are not nearly as dramatic as those 
observed when laparoscopy is applied to upper 
abdominal surgery such as nephrectomy or 
cholecystectomy.

Continence

In contemporary large series by established 
experts, continence after open RRP has been 
reported in more than 90% of patients with 
long-term follow-up.34,35 Improvements in surgi-
cal technique and a better understanding of 
pelvic anatomy have contributed favorably to 
overall continence after open surgery. With 
improved instrumentation and magnifi ed visual-
ization, particularly during the dissection of the 
prostatic apex, laparoscopic approaches to 
radical prostatectomy have the potential to 
improve long-term outcomes and earlier return 
of continence. Indeed, published LRP series 
report similar 1-year continence rates (86–95%) 
and earlier return to continence compared with 
open approaches using validated question-
naires.36–40 Caution should be exercised when 
interpreting outcome data, however, because of 
the variability in the method of information 
acquisition, questionnaire types, defi nitions of 
continence, timing of data collection, and inves-
tigator/patient biases.

Sexual Function

Comparison of sexual function after LRP and 
RRP is hindered by the same variability in meth-
odology, acquisition, defi nitions, and bias that 
makes interpretation of continence diffi cult. 
Furthermore, preoperative potency, quality of 
nerve sparing during prostatectomy, and therapy 
for postoperative erectile dysfunction can infl u-
ence sexual function outcomes. It is also impor-
tant to recognize that the lack of available studies 
randomizing patients into either LRP or RRP 
groups hinders direct comparison between the 
two techniques. Nonetheless, preservation of 
cavernous nerves during prostatectomy is essen-
tial to maintain postoperative erectile function. 
Better visualization and improved instrument 
precision during LRP have the potential to posi-
tively affect erectile function postoperatively. 
Using validated questionnaires, several groups 

have reported that 40% to 64% of patients 
undergoing LRP return to preoperative baseline 
sexual function by 1 year.37–39 This is comparable 
to reports of return to baseline sexual function 
after open techniques measured by similar 
instruments.34,41,42

Oncologic Outcome

Open prostatectomy remains the gold standard 
for the treatment of localized prostate cancer to 
which LRP must be compared. To date, results 
from LRP series show equivalent oncologic 
control compared with contemporary RRP 
series. Positive margin rates after LRP have been 
reported to be in the range of 9% to 22% for all 
stages of disease.43–46 Biochemical recurrence-
free survival has been reported in 83% to 90.5% 
of patients at 3 years’ follow-up in three Euro-
pean series.43,46,47 If only organ-confi ned disease 
is evaluated (pT2), margin-positive rate decreases 
to 4.5% to 16% and biochemical recurrence-free 
survival improves to 95%.43

Complications

The overall rate of perioperative complications 
for LRP range between 4% and 36%.48,49 In 
descending order, the most common periopera-
tive complications were anastomotic leak (10%), 
postoperative ileus (3.3%), anastomotic stric-
ture (0–5%), bleeding (2.8%), rectal injury (0.7–
2.4%), and deep venous thrombosis (0.4%).27,50 
Anastomotic stricture rates with LRP in particu-
lar compare favorably with the reported rates 
after open RRP (2.4–17.5%).51–55 Most compli-
cations occurred during the early phase of the 
surgeon’s experience and decreased substantially 
after the learning curve was achieved. Conver-
sion rates to open RRP have also remained low 
(1–1.2%).

Obesity and Functional Outcomes

Signifi cant obesity is associated with medical 
comorbidities such as diabetes mellitus and cor-
onary artery disease. Moreover, obesity can sig-
nifi cantly increase the degree of diffi culty in 
performing open RRP, may require a larger inci-
sion for operative exposure, and may be associ-
ated with a higher complication rate. For this 
reason, many surgeons insist on weight loss 
before proceeding with radical prostatectomy, 



Chapter 6 Robotic and Laparoscopic Radical Prostatectomy 133

which may delay intervention signifi cantly. LRP, 
and in particular its robotic-assisted variant, may 
offer some signifi cant advantages when address-
ing prostate cancer in an obese patient. A wealth 
of experience with bariatric surgery has demon-
strated that laparoscopy can be performed safely 
and effectively in even morbidly obese patients.9 
With only minor modifi cations in technique, 
LRP can be performed effi ciently in patients 
with moderate obesity. Several studies report no 
difference in complications, blood loss, or func-
tional outcomes between obese patients and 
normal controls following LRP.7,8,56 However, in 
a study from University of California–Irvine, 
obese patients had signifi cantly worse baseline 
urinary and sexual function, had more complica-
tions, and did not recover urinary function as 
quickly or as well as the nonobese controls after 
robotic-assisted LRP.57 Several series have also 
shown an increase in operative time or open 
conversion rate for LRP in obese patients.7,8,58,59 
Clearly, more experience with LRP in obese 
patients is needed before we can truly quantify 
its advantages over RRP in this population.

Health Care Economics

Intraoperative costs for laparoscopic surgery are 
generally greater than for open surgery. This is 
mainly due to longer operative times and the 
expense of disposable laparoscopic equip-
ment.19,20 In particular, the large up-front invest-
ment in the da Vinci robot, its maintenance fees, 
and the high cost of disposable robotic instru-
ments make robotic-assisted LRP less cost-
effective than RRP. Several investigators have 
modeled these cost relationships in an effort to 
make LRP more cost-competitive with RRP. For 
traditional LRP, Link and colleagues20 identifi ed 
operative time, length of hospital stay, and 
consumable items (disposable equipment) to be 
the most infl uential factors affecting overall 
cost. These fi ndings are supported by several 
studies.19,60 By developing predictive models of 
cost, hospital charges, and professional fees, 
Link and colleagues determined that it would be 
equally costly to perform LRP as to perform 
open prostatectomy if disposable instruments 
were eliminated, only reusable instruments were 
used, and operative times for LRP were reduced 
to 3.4 hours.20 To establish cost equivalence 
between robotic-assisted LRP and open prosta-
tectomy, Scales and colleagues61 developed a 

predictive model that accounted for parameters 
such as robotic surgical volume, length of hospi-
tal stay, and hospital cost. To achieve cost equiv-
alence, a robotic surgical volume of at least 10 
cases weekly was necessary, and a weekly case-
load of 14 robotic LRPs was required to make 
robotic LRP less expensive compared with open 
prostatectomy. These results suggest that robotic 
LRP may be economically advantageous over 
RRP only in high-volume centers performing 
more than 500 surgeries per year. With the 
growing popularity of robotic-assisted LRP with 
both patients and surgeons, however, the costs 
for this technology are likely to drop 
substantially.

Conclusion

Over the past decade, LRP has developed into 
an accepted surgical approach for the treatment 
of localized prostate cancer. In many high-volume 
centers, LRP and robotic-assisted LRP have 
become the surgical therapy of choice. This 
trend has been fueled by both patient interest in 
minimally invasive surgery and surgeon enthusi-
asm for applying new technology to radical pros-
tatectomy. Oncologic control and operative 
effi ciency with LRP appear to be equivalent to 
RRP in experienced hands. Established advan-
tages of LRP include slightly shorter hospital 
stays, less blood loss and postoperative pain, and 
potentially earlier return to full postoperative 
activity. Potential, but not yet fully proven, 
advantages of LRP include an earlier return to 
urinary continence, lower rates of bladder neck 
contracture, and applicability to obese patients. 
Whether LRP yields improvements in postoper-
ative sexual function after nerve-sparing radical 
prostatectomy remains an open question and the 
subject of much ongoing research. Current dis-
advantages of LRP include a lack of availability 
at all centers and excess cost over open radical 
prostatectomy approaches—factors that should 
both improve over the next decade.
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Perineal Prostatectomy

Timothy Y. Tseng and Philipp Dahm

K E Y  P O I N T S
● Radical perineal prostatectomy (RPP) represents the 

oldest form of radical prostatectomy and offers the 
most direct approach to the prostate.

● Appropriate candidates for RPP are patients with 
clinically organ-confi ned prostate cancer and an esti-
mated life expectancy of more than 10 years.

● RPP is an excellent approach for many patients but 
offers distinct advantages over other approaches in 
patients who have undergone previous extensive 
abdominal surgery, those who have had renal trans-
plants, and those who are morbidly obese.

● Advantages of the perineal approach include 
decreased blood loss, low transfusion requirements, 
infrequent postoperative ileus, and short hospital 
stay.

● RPP results in favorable long-term disease control 
comparable to other surgical techniques with 15-year 
cancer-associated survival rates approaching 86%.

● RPP demonstrates favorable urinary and sexual 
health-related quality-of-life outcomes, which appear 
comparable to those of other approaches such as 
radical retropubic and robot-assisted laparoscopic 
prostatectomy.

treatment of choice for organ-confi ned disease. 
After the introduction of the anatomic RRP by 
Patrick Walsh in 1979 and further refi nement 
of this technique to preserve erectile function, 
the open retropubic and robotic assisted laparo-
scopic approaches have become the more 
commonly performed forms of radical prosta-
tectomy. Nevertheless, RPP is valued for its 
distinct advantages over the retropubic approach 
in appropriately selected patients.

Today, “modern” RPP accounts for only a 
small percentage of radical prostatectomies per-
formed in the United States. However, recent 
developments continue to make the technique 
an attractive alternative to other surgical 
approaches. Notably, the introduction of 
nerve-sparing RPP and evidence supporting its 
effectiveness in preserving sexual function have 
demonstrated the technique’s comparability to 
nerve-sparing RRP.3 The downward stage migra-
tion in patients with newly diagnosed prostate 
cancer and the development of accurate predic-
tive nomograms have also obviated the need for 
many staging lymph node dissections, which in 
RPP would have required a separate abdominal 
incision.4–6 Furthermore, the long-term effi cacy 
of RPP in treating clinically organ-confi ned 
disease has been well documented in large 
patient series with over a quarter-century of 
follow-up.7–10 From a technical standpoint, the 
perineal approach allows for prostatic dissection 
in a relatively avascular fi eld, provides good 
exposure for reconstruction of the urethrovesi-
cal anastomosis, and permits dependent post-
operative drainage of the prostatic fossa. These 
features make RPP an attractive treatment 
option for patients with localized disease that is 
complementary to other surgical approaches.

Introduction

Radical perineal prostatectomy (RPP) represents 
the oldest form of therapy offered for the treat-
ment of clinically localized prostate cancer. First 
developed at the turn of the twentieth century, 
RPP was the mainstay of prostate cancer therapy 
until the development of ostensibly less morbid 
radiation therapy at mid-century.1 Subsequently, 
radical retropubic prostatectomy (RRP) was 
introduced in 1945. At the time, this approach 
involved unacceptable morbidity, particularly 
with regard to blood loss.2 As evidence for the 
signifi cant morbidity associated with radiation 
therapy accumulated, RPP again became the 
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Historical Perspective

The origins of perineal prostatectomy can be 
traced back to as early as 400 BC. Ancient healers 
were known to perform “blind” lithotomies 
through median perineal incisions.1 In the fi rst 
century AD, Roman encyclopedist, Aulus Corne-
lius Celsus, provided the earliest description of a 
curved perineal incision for perineal lithotomy 
similar to the incision used for modern perineal 
prostatectomy.11 Actual surgery of the prostate 
through any incision, however, did not come 
about until the seventeenth century, when French 
lithotomist Joseph Covillard performed the fi rst 
reported incidental extraction of a prostate 
tumor during bladder lithotomy.12 Various sur-
geons subsequently practiced perineal removal 
of portions of the prostate. However, systematic 
removal of the prostate for bladder outlet obstruc-
tion was fi rst formulated in 1834 by English 
surgeon George Guthrie, who called the proce-
dure “division of the bar at the neck of the 
bladder.”1,12 A few decades later in 1867, after 
the introduction of general anesthesia, Theodor 
Billroth of Germany reported the fi rst planned 
enucleation of the prostate for malignancy 
through a median perineal incision.13

Modern RPP was developed in the United 
States by Hugh Hampton Young in the fi rst part 
of the twentieth century. In 1902, Young intro-
duced a prostatic retractor that aided in the 
perineal enucleation of adenomatous prostate 
tissue. After fi nding three incidental prostatic 
carcinomas in his early series of perineal prosta-
tectomies, Young’s investigations into the local 
spread of prostatic carcinoma in autopsy speci-
mens led him to conclude that prostate cancer 
typically spread along the ampullae of the vasa 
to the seminal vesicles and was contained within 
Denonvilliers fascia. In April 1904, following 
the surgical principles of the recently developed 
radical mastectomy for breast cancer, Young 
performed the fi rst RPP, which included removal 
of the entire prostate, Denonvilliers fascia, both 
seminal vesicles, the ampullae of the vasa defer-
entia, and the bladder neck with portions of the 
trigone.14,15

Young’s operation has been modifi ed over 
time. Young himself changed the procedure to 
use chromic catgut vesicourethral anastomotic 
sutures instead of silk sutures after fi nding that 
silk frequently became a nidus for stone forma-
tion.15 In 1939, Elmer Belt16 introduced an 

approach to the prostate between the longitudi-
nal and circular fi bers of the external anal sphinc-
ter that reportedly decreased signifi cantly the 
blood loss associated with the procedure. John 
Dees14 further described a technique in which 
less of the bladder neck was removed, thereby 
improving continence outcomes. Samuel Vest 
introduced a technique to anchor the vesical 
neck to the apex of the perineal wound, thereby 
aligning the urethrovesical junction and relieving 
potential tension on the anastomosis. More 
recently, efforts to improve postoperative erec-
tile function have led to the development of 
nerve-sparing modifi cations.3,17 In addition, 
wide-fi eld dissection incorporating the peripros-
tatic fascia and adjacent neurovascular bundles 
has also been described for patients at high risk 
for extracapsular extension.13

Patient Selection

Cancer Control

From an oncologic perspective, indications for 
RPP are no different from those for other forms 
of radical prostatectomy. In light of the natural 
history of prostate cancer, the morbidity associ-
ated with any form of local treatment with cura-
tive intent, and the length of time required for 
a patient to realize a survival benefi t from such 
treatment, it is generally accepted that patients 
should have a minimum predicted life expec-
tancy of 10 years.18–20 To be a curative proce-
dure, all of the cancer must be removed. Such 
procedures are therefore generally reserved for 
patients with clinically organ-confi ned disease. 
Indeed, prediction tools such as nomograms and 
prognostic tables can accurately identify patients 
at low risk for extraprostatic extension who 
would be appropriate candidates for extirpative 
therapy with RPP.21 Patients at increased risk 
for locoregional spread, as suggested by a PSA 
of 20 ng/mL or a Gleason grade component of 
4 or 5, should undergo staging bilateral pelvic 
lymph node dissection. For these patients—
increasingly rare in the era of PSA screening—
RPP may still be performed with an antecedent 
bilateral pelvic lymphadenectomy accomplished 
laparoscopically or through a minilaparotomy 
incision.22 In such procedures, the patient may 
be repositioned while frozen sections of the 
lymph nodes are processed. If the lymph nodes 
are positive for metastatic disease, the prosta-
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tectomy should be aborted. Alternatively, staging 
lymph node dissection may be performed sepa-
rately and sent for permanent section, thereby 
eliminating the not insignifi cant error rate of 
frozen-section analysis.23 Recently, bilateral 
pelvic lymph node dissection performed at the 
time of RPP via the same incision has been 
described.24 However, this approach has not 
been widely embraced among perineal surgeons 
because of concerns about the limited exposure 
that the technique affords. In addition to its use 
for primary prostate cancer therapy, RPP also 
has a role as salvage therapy for selected patients 
that have failed radiation treatment.25

Patient Characteristics

RPP offers a number of technical advantages 
over other surgical approaches. Regardless of 
size, an obese man generally has less subcutane-
ous fat in his perineum compared with his 
abdomen. In these patients, RPP prevents dis-
section of deep layers of abdominal fat, decreas-
ing the relative technical diffi culty of the 
procedure. Several recent case series have sup-
ported the feasibility of RPP in morbidly obese 
patients with a body-mass index of more than 
40 kg/m2.26,27 The occasional obese patient with 
a large “barrel-shaped abdomen,” however, is not 
a good RPP candidate because he may require 
excessively high ventilation pressures greater 
than 40 cm H2O when positioned in exaggerated 
lithotomy.28 In addition to ventilatory concerns, 
exaggerated lithotomy positioning also requires 
adequate mobility for hip fl exion and is thus a 
potential problem for elderly patients. A history 
of hip ankylosis, hip replacement, spinal stenosis, 
or vertebral fractures constitutes a relative con-
traindication for RPP. One simple method to 
ascertain whether a patient can tolerate exagger-
ated lithotomy is to determine if he can tolerate 
holding his knees to his chest while lying supine 
on the examining table in the offi ce.1

There are few technical limitations to the 
performance of a radical prostatectomy via the 
perineal approach. Most patients who are candi-
dates for surgical treatment of their prostate 
cancer have not had a prior perineal procedure. 
In patients who have undergone previous pelvic 
surgeries, such as meshed hernia repairs, renal 
transplantation, or vascular bypass, the perineal 
approach affords cleaner dissection through 
virgin tissue and eliminates the risk of contami-

nation of synthetic materials. One technical 
consideration is the ease with which a prostate 
can be removed given the available space 
between the patient’s ischial tuberosities. 
Removal of the prostate through a narrow ischial 
tuberosity distance and removal of the extremely 
large prostate—usually greater than 100 g—may 
be diffi cult. Although disease outcomes are 
unchanged after neoadjuvant hormonal therapy 
with luteinizing hormone-releasing hormone 
agonists and anti-androgens, prostate size is 
decreased by approximately 30%.29–31 Neoadju-
vant therapy may therefore facilitate RPP for 
very large prostates. Table 7-1 lists relative indi-
cations and contraindications to RPP.

Operative Procedure

Patient Preparation

As with all patients undergoing major surgery, 
preoperative evaluation for RPP should include 
a complete history and physical examination, 
laboratory studies including a complete blood 
count, basic metabolic panel, coagulation studies, 
an electrocardiogram, chest x-ray, urinalysis, 
and a type and screen. RPP patients are rou-
tinely admitted to the hospital on the day of 
surgery. Patients are instructed to take nothing 
by mouth after midnight the night before 
surgery. In the preoperative holding area, 
patients are started on maintenance intravenous 
fl uids. Typical preoperative antibiotic prophy-
laxis consists of a fi rst or second generation 
cephalosporin or a fl uoroquinolone.

Historically, mechanical and antibiotic 
bowel preparations have been recommended to 

Table 7-1. Relative Indications and 
Contraindications for Radical Perineal 

Prostatectomy

Relative indications
 Obese patient
  Prior abdominal and pelvic procedures (e.g., hernia 

 repair, renal transplantation, vascular bypass)
Relative contraindications
  Extremely large patients at risk for poor ventilation in 

 exaggerated lithotomy position
  Poor hip mobility for exaggerated lithotomy position 

 (e.g., hip ankylosis, hip replacement)
 Spinal stenosis, vertebral fractures
 Extremely large prostates > 100 g
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maintain the cleanest possible surgical fi eld in the 
event of rectal injury. In experienced hands, the 
rate of rectal injury for perineal prostatectomy 
ranges from 1% to 6%.13,32 However, studies on 
the management of rectal injuries in retropubic 
prostatectomy have suggested that the lack of a 
thorough bowel preparation may not preclude 
successful immediate repair.33 Because of the low 
incidence of this type of injury and the feasibility 
of immediate repair regardless of bowel prepara-
tion, no specifi c preoperative bowel preparation 
except a preoperative enema may be needed 
before surgery. Indeed, forgoing this step may 
eliminate preoperative gastrointestinal discom-
fort and may decrease the postoperative bowel 
dysfunction associated with mechanical bowel 
preparations. A well-designed randomized con-
trolled trial to determine the usefulness of pre-
operative bowel preparation remains to be done, 
however. To date, many surgeons continue to 
make use of some type of bowel prep.

Positioning

Patient positioning is critically important and 
should be performed by someone who is ade-
quately trained and experienced—ideally the 
surgeon himself. Traditionally, an exaggerated 
lithotomy position that places the perineum par-

allel with the fl oor is used (Fig. 7-1). However, 
such positioning, as well as the use of “candy 
cane” stirrups may increase the risk of lower-
extremity neuropraxia. More recent experience 
has demonstrated that this operation can be suc-
cessfully performed in a less exaggerated lithot-
omy position with decreased rates of this 
complication (Fig. 7-2). Allen stirrups are com-

Figure 7-1. Patient positioning for radical perineal 
prostatectomy using the traditional Young table. Note 
the highly exaggerated lithotomy position that places the 
perineum parallel with the fl oor. The Young table and the 
extreme lithotomy position demonstrated here have since 
been abandoned.

A

B

Figure 7-2. Contemporary patient positioning and draping for radical perineal prostatectomy. A, The surgical 
fi eld that includes the anus, perineum, scrotum, and penis is depicted. B, Patient positioning using Allen stirrups. Note the 
much less exaggerated lithotomy position.
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monly used and ample padding is applied to all 
pressure points. The posterior scrotum and 
perineum are then shaved and a sterile skin prep-
aration is applied from the umbilicus to the but-
tocks to include the inner thighs. Sterile drapes 
are applied leaving the genitalia and perineum 
exposed. A sterile towel is then fastened over 
the anus in such a way as to allow access to the 
rectum later during the operation. Positioning 
should further ensure that there is enough space 
to secure a perineal retractor device.

Classic RPP

Access to the Prostate

At this time, it is prudent to perform a digital 
rectal examination (DRE) to determine the size, 
location, and mobility of the prostate. A Lowsley 
retractor (Fig. 7-3) is placed through the urethra 
into the bladder to facilitate identifi cation of 
landmarks and manipulation of the prostate 
during the procedure. The ability to manipulate 
the prostate in all three dimensions is an impor-
tant prerequisite for this operation. If placement 
of the Lowsley retractor is diffi cult, digital guid-
ance using a fi nger placed in the rectum may 
help. Sometimes, an overly exaggerated lithot-
omy position makes placement of the retractor 
diffi cult. In such cases, relaxing the stirrups and 
releasing tension on the lower extremities may 
be helpful. If Lowsley retractor placement is 
impossible, the operation can also be success-
fully performed with a Foley catheter in place. 
However, this makes the procedure signifi cantly 
more challenging. Before proceeding with the 
operation, the surgeon should convince himself 
that the retractor is indeed in the bladder and 
not lodged in the prostatic urethra.

A curved skin incision is made 1.5 cm above 
the anal verge and extended posterolaterally on 

either side medial to the ischial tuberosities. The 
superfi cial perineal fascia is incised using elec-
trocautery dissection, and the ischiorectal fossae 
are developed bluntly (Fig. 7-4). Using two Allis 
clamps, the anal verge is retracted posteriorly to 
place the central tendon on traction. A fi nger is 
passed beneath the central tendon anterior to 
the rectum, and the central tendon is divided 
along the upper skin edge with cautery (Fig. 

Figure 7-3. The curved Lowsley retractor. The Lowsley retractor is placed into the bladder where the prongs are 
opened (as shown). The Lowsley is the single most important instrument for this procedure because it allows 
intraoperative manipulation of the prostate.

Figure 7-4. Access to the ischiorectal fossa. 
Blunt dissection using a fi nger is used to develop the 
ischiorectal fossa bilaterally, here shown on the patient’s 
left. The overlying fatty tissue is then transected using 
electrocautery.
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7-5). After division of the central tendon, the 
rectal sphincter is seen overlying the rectum. 
Manipulation of the Lowsley retractor facilitates 
orientation at this stage. An anterior retractor is 
then placed to retract the anal sphincter anteri-
orly. In the Belt approach, the rectourethralis 
muscle is identifi ed as a band in the midline and, 
with a fi nger in the rectum to identify its course 
relative to the prostate, the rectourethralis is 
divided with Metzenbaum scissors in the midline 
(Fig. 7-6). At this point, the prostate is sepa-
rated from the anterior surface of the rectum in 
the midline. Moist gauze is placed over the 
rectum to protect it from injury, and downward 
displacement is maintained by a posterior 
weighted retractor. Retractors are then placed 
to retract the divided rectourethralis and levator 
ani muscles superolaterally, allowing exposure 
of Denonvilliers fascia, colloquially known as 
“the Pearly Gates.” Figure 7-7 illustrates the 
perineal anatomy.

Prostatic Dissection

Classically, RPP proceeds with a transverse inci-
sion of Denonvilliers fascia just below the apex 
of the prostate. Using blunt and sharp dissec-
tion, the posterior layer of Denonvilliers fascia 
is dissected away from the posterior prostatic 
surface beyond the seminal vesicles to the level 
of the bladder. The membranous urethra distal 

to the apex of the prostate and posterior to the 
puboprostatic dorsal venous complex is devel-
oped (Figs. 7-8 and 7-9). A right angle clamp is 
passed behind the urethra, the Lowsley retrac-
tor is removed, and the urethra is sharply 

Figure 7-5. Division of the central tendon 
of the perineal body. The central tendon is 
divided at its superior aspect using 
electrocautery.

Figure 7-6. Division of the rectourethralis muscle. 
The medial aspect is divided. Lateral portions may be 
bluntly displaced laterally.
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Figure 7-7. Anatomy of the perineum. This diagram 
shows the relationship of the external anal sphincter to the 
anus, levator anus, and ischiocavernosus muscle.

Figure 7-9. Apical dissection. This diagram 
depicts how the prostatic apex comes into 
view.

divided. The urethral stump is then either tagged 
with a stitch to be discarded later or tagged with 
the fi rst two urethrovesical anastomotic sutures 
(Fig. 7-10). A Young retractor is then passed 
through the prostatic urethra into the bladder 

Figure 7-8. Apical dissection. Photograph of the 
prostatic apex. An anterior retractor and a Deaver blade 
are in place. Other instruments on either side of the 
urethra are a suction tip and the tip of a Tonsil clamp.

and the wings are opened, allowing posterior 
displacement of the prostate. A plane on either 
side of the midline between the anterior surface 
of the prostate and the dorsal venous complex 
is developed, and the midline puboprostatic liga-
ment is divided sharply. Dissection continues 
proximally until the bladder neck is reached. 
Once the prostatovesical junction is identifi ed, 
the prostate is sharply dissected away from the 
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circular fi bers of the detrusor to spare the 
bladder neck to the greatest possible extent.

The anterior bladder neck is then incised 
sharply between the 10 and 2 o’clock positions. 
The Young retractor is removed, and a tempo-
rary Foley catheter is passed into the prostatic 
urethra and out through the anterior bladder 
incision to allow further manipulation of the 
prostate (Fig. 7-11). Traction on this catheter 

allows sharp division of the bladder neck. Care 
is taken to divide the trigone distal to the ure-
teral orifi ces. Identifi cation of the ureteral ori-
fi ces can be aided by the routine use of 
intravenous indigo carmine. If in doubt, the 
patency of the ureters can be confi rmed by cath-
eterization with open-ended ureteral stents. 
Once the bladder neck has been divided com-
pletely, the seminal vesicles and ampullae of the 

Figure 7-10. Division of the urethra. The 
urethra has been divided and the urethral stump 
is tagged with a suture to prevent retraction into 
the perineal body.

Figure 7-11. Placement of Young retractor. 
A straight Young retractor is placed to allow 
posterior retraction of the prostate.
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vasa deferentia are identifi ed posterolateral to 
the prostate. The ampullae are isolated with a 
right angle clamp, ligated with right angle clips, 
and transected on the specimen side. Postero-
lateral perforating arteries and veins at the 5 and 
7 o’clock positions are controlled with surgical 
clips or absorbable sutures. The seminal vesicles 
are then dissected from their investing fascia 
bluntly. Arteries entering the apices of the 
seminal vesicles are ligated and the surgical spec-
imen is removed.

Reconstruction

Reconstruction of the bladder neck is accom-
plished symmetrically using slow absorbable 
monofi lament suture (Fig. 7-12). A running 4-0 
suture is used on each side of the bladder neck 
to evert the mucosa (Fig. 7-13). Although aban-
doned as a routine part of RPP at many institu-
tions, Vest sutures of 0-0 suture material may 
be placed at 11 and 1 o’clock in the anterior 
bladder neck in a horizontal mattress fashion to 
help align the vesicourethral anastomosis and 
relieve any potential tension. Two 2-0 sutures 
are then placed at 10 and 2 o’clock in the bladder 
neck and the urethral stump to become the 
anterior anastomotic sutures. The bladder neck 
is then reapproximated in a “racket handle” 
manner with interrupted 0-0 sutures from pos-
terior to anterior with the last two sutures left 

Figure 7-12. Bladder neck. Perspective of 
the bladder after removal of the prostate.

Figure 7-13. Eversion of bladder neck. Photograph 
of bladder neck after eversion of the mucosa with two fi ne 
running sutures on the anterior aspect of either side.

long enough to serve as posterior Vest sutures 
(Fig. 7-14). An 18F Foley catheter is passed 
through the urethra into the bladder and the 
balloon infl ated. Another two 2-0 anastomotic 
sutures are then placed posteriorly at 4 and 6 
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o’clock in the bladder neck and the urethral 
stump. All retractors are then removed, and the 
four 2-0 anastomotic sutures are tied down 
under gentle traction of the Foley catheter under 
direct vision. The presence of a watertight anas-
tomosis may be tested by catheter irrigation.

Closure

The four Vest sutures are brought out through 
the subcutaneous tissue of the perineal body 
paralleling the urethra and gently tied down. 
The incision is copiously irrigated, and the 
rectum is inspected for signs of injury by DRE. 
A Penrose drain is placed between the vesico-
urethral anastomosis and the rectum, brought 
out through a separate stab incision, and secured 
with a stitch. The rectourethralis, levator ani, 
and central tendon are reapproximated in the 
midline with absorbable suture. Subcutaneous 
tissue is further reapproximated with absorbable 
suture, and the skin is closed with interrupted 
2-0 absorbable suture leaving the sutures long so 
that they produce less discomfort postopera-

tively. A compression dressing is applied to the 
perineum.

Nerve-Sparing RPP

In appropriately selected patients with small or 
medium size glands (less than 100 g), nerve-
sparing RPP is feasible. Rather than a transverse 
incision of Denonvilliers fascia, a vertical inci-
sion is made such that refl ection of this layer 
laterally and over the apex of the prostate allows 
the development of a plane between the pros-
tate and the neurovascular bundles. Given the 
spatial constraints, nerve-sparing RPP requires a 
variety of alternating maneuvers to displace the 
prostate inward and/or laterally for dissection of 
the neurovascular bundles. Hemostasis is 
achieved with clips rather than electrocautery to 
prevent thermal injury to the neurovascular 
bundles. During dissection of the seminal vesi-
cles, great care is taken not to inadvertently 
injure the neurovascular bundles.

Wide-Field Dissection RPP

Patients considered to be at high risk for extra-
capsular disease may undergo wide-fi eld RPP 
that includes the lateral pelvic fascia en bloc 
with the prostate specimen. This procedure 
results in sacrifi ce of the neurovascular bundles 
as the surgical margin includes the periprostatic 
fascia. All fi brovascular pedicles are divided as 
distantly from the prostate as possible. The 
seminal vesicles are dissected and clipped to 
include the neurovascular bundle in the speci-
men. Furthermore, wider bladder neck margins 
may be taken as necessary.

Postoperative Care

The patient is transported to the recovery room 
where serum electrolytes are routinely obtained. 
Since average blood loss is less than 500 mL in 
RPP, the need for blood transfusion is rare. 
Because pain from this incision is low, pain 
control is achieved with oral analgesics with 
intravenous analgesics for breakthrough pain 
starting in the recovery room. Patients are rou-
tinely started on clear liquids, and their diets are 
advanced as tolerated. On the fi rst postoperative 
day, the compression dressing is replaced with 
fl uffed gauze, and the patient is encouraged to 
ambulate. The Penrose drain is left in place until 

Figure 7-14. Bladder neck reconstruction. 
Photograph of the bladder neck after racket-handle 
approximation.
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the second postoperative day or until the 
patient’s fi rst bowel movement. At that time, 
the patient is taught to use antiseptic sitz baths 
or to clean himself with a hand-held shower-
head. Prophylactic antibiotics are continued for 
24 hours and suppressive oral antibiotics are 
continued until the patient’s Foley catheter is 
removed in 10 to 14 days. Patients are typically 
discharged 1 to 2 days postoperatively when 
they demonstrate the ability to tolerate a regular 
diet, ambulate without assistance, and achieve 
good pain control with oral analgesics.

Complications

Major complications of RPP are infrequent. In 
a large retrospective analysis of 630 RPPs by 
Gillitzer and colleagues,32 complications requir-
ing surgical intervention occurred in only 1.7% 
of cases. The types of complications associated 
with RPP include those common to all forms of 
prostatectomy such as excess blood loss, rectal 
injury, and bladder neck contracture. Complica-
tions unique to RPP include lower extremity 
neuropraxia and rhabdomyolysis (Table 7-2).

Excess Blood Loss

Large-volume blood loss is less common in RPP 
compared with RRP because the dorsal venous 

complex is not divided and venous pressure is 
decreased due to patient positioning.34,35 Dissec-
tion in an incorrect plane leading to injury of the 
dorsal venous complex can result in signifi cant 
venous bleeding. Such bleeding may be managed 
by tamponade with a narrow retractor or place-
ment of a fi gure-of-eight stitch in the dorsal 
venous complex.

Rectal Injury

Rectal injury is a well-recognized risk of all pros-
tatectomy approaches. Although older studies 
reported a risk of rectal injury with the perineal 
approach of up to 11%, more recent studies 
demonstrate an incidence of 1% to 6% in the 
hands of experienced surgeons.32,35,36 The 
increased risk of rectal injury with RPP com-
pared with RRP is attributed to the fact that the 
initial exposure of the prostate requires dissec-
tion in a plane between the rectum and the 
prostate. Rectal injuries most commonly occur 
at early stages of the operation during division 
of the rectourethralis muscle and placement of 
the posterior weighted retractor. With meticu-
lous attention to the correct surgical plane and 
careful placement of retractors, such injury is 
avoidable in most cases. If a rectal injury is rec-
ognized, the surgical fi eld should be copiously 
irrigated, and the defect closed in two to three 
nonoverlapping suture lines with an absorbable 
monofi lament. Postoperatively, the patient is 
maintained on a clear liquid diet for 3 days and 
is treated with broad-spectrum antibiotics with 
anaerobic coverage. A rectal Penrose drain may 
be placed to help evacuate gas.

Alternatively, anal dilatation on a daily basis 
to prevent a build-up of pressure at the repair 
site has been recommended. The effi cacy of 
such measures remains to be demonstrated, 
however. Usually, there are no adverse conse-
quences as a result of a rectal injury identifi ed 
and appropriately managed at the time of 
surgery. In patients with very large rectal tears, 
gross fecal spillage, prior pelvic irradiation, or 
a history of immunocompromise, a diverting 
colostomy is indicated to prevent a possible rec-
tourinary fi stula.

Ureteral Compromise

Reconstruction of the bladder neck may be dif-
fi cult if the bladder neck incision is close to the 

Table 7-2. Complications of Radical Perineal 
Prostatectomy (n = 630)

Complication % (n)

Major (requiring open surgical 
intervention
 Bleeding/hematoma 1.1 (7)
 Urinary fi stula 0.3 (2)
 Stool fi stula 0.3 (2)
 Combined fi stula 0.5 (3)
 Perineal sinus 0.2 (1) 

Total 2.4 (15)
Minor (not requiring open surgical 
intervention)
 Rectal injury 5.1 (32)
 Urinary fi stula 3.5 (22)
 Urinary retention 5.6 (35)
 Bladder neck contracture 2.7 (17)
 Epididymitis 2.2 (14)
 Neuropraxia  0.6 (4) 

Total 20.0 (124)

From Gillitzer R, Melchior SW, Hampel C, et al: Specifi c complications 
of radical perineal prostatectomy: a single institution study of more than 
600 cases. J Urol 172:124, 2004.
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ureteral orifi ces. In this situation, standard 
closure of the bladder neck may result in com-
promised ureteral drainage. In such cases, the 
ureteral orifi ces can be stented with open-ended 
ureteral catheters, and the posterior bladder 
neck closed with stitches incorporating only the 
detrusor musculature and excluding the bladder 
mucosa. The stents are brought out through 
separate perineal stab wounds and then typically 
left in place for 5 to 7 days. Alternatively, 
double-J ureteral stents may be placed and left 
in place for an extended period of time. Primary 
ureteral reimplantation from the perineal 
approach, though technically challenging, may 
also be performed.37 If this procedure is infeasi-
ble from the perineal approach, patients may 
also be managed with placement of a percutane-
ous nephrostomy tube on postoperative day 1 
when the affected collecting system has become 
somewhat dilated. This is then followed by 
delayed ureteral reimplantation from the 
abdominal approach in 6 to 12 weeks.

Transient Lower Extremity Neuropraxia

Exaggerated lithotomy positioning can result in 
lower extremity neuropraxia in the immediate 
postoperative period. Neuropraxia, defi ned as 
sensory or motor defi cits of the lower extremity, 
occurred in up to 20% of patients in one series.38 
In most cases, neuropraxia was mild, limited to 
the area below the knee and primarily sensory. 
Management of this condition is expectant 
and conservative. Complete resolution of these 
symptoms, frequently before discharge from 
the hospital, reliably occurs in all patients. 
Attention to proper positioning and padding 
can reduce the incidence of this complication. 
To avoid unnecessary anxiety, patients should 
be made aware of this potential complication 
preoperatively.

Rhabdomyolysis

Rhabdomyolysis due to ischemic muscle necro-
sis has been reported with prolonged surgery in 
the exaggerated lithotomy position. Specifi cally, 
there have been four case reports of rhabdomy-
olysis progressing to acute renal failure in patients 
undergoing prolonged RPP.39–42 Patients who 
develop rhabdomyolysis frequently complain of 
severe muscle pain. Early signs of rhabdomyoly-
sis include decreased urine output, abnormal 
serum electrolytes, elevated serum creatine 

phosphokinase, and myoglobinuria. Treatment 
for rhabdomyolysis involves aggressive volume 
expansion and bicarbonate infusion to maintain 
urine pH greater than 6.5 to reduce the renal 
precipitation of heme. Proper padding of all 
pressure points and periodic lowering of the legs 
during prolonged procedures may decrease the 
occurrence of rhabdomyolysis. One of the main 
preventive measures is to keep the operative 
time as short as possible.43

Urinary Problems

Potential urinary problems include obstruction, 
persistent perineal leakage of urine, and urinary 
incontinence. Urinary obstruction evident in the 
immediate postoperative period after removal 
of the urinary catheter is relatively rare and is 
usually due to residual edema at the vesicoure-
thral anastomosis. This can be treated with 
placement of a urethral catheter for an addi-
tional 1 to 2 weeks. Late urinary obstruction is 
usually the result of bladder neck contracture 
and can usually be treated with urethral dilation 
with fi liforms and followers. If this is unsuccess-
ful, direct-vision internal urethrotomy of the 
stricture may be indicated.

In up to 4% of patients, urinary extravasation 
through the perineal incision after removal of 
the urinary catheter may occur.32 Extravasation 
that occurs only during voiding is indicative of a 
leak distal to the vesicourethral anastomosis and 
usually closes with time. Extravasation that 
occurs continuously is due to leakage from the 
anastomosis. In such cases, the urinary catheter 
is replaced carefully and left indwelling for an 
additional 1 to 2 weeks. A cystogram may then 
be performed to document healing.

As with all forms of prostatectomy, urinary 
control develops over the course of weeks to 
months after surgery. Persistent and severe 
urinary incontinence at 12 months after surgery 
is rare and suggests irreversible damage to the 
external urinary sphincter that may ultimately 
require placement of an artifi cial urinary 
sphincter.

Outcomes

Operative Outcomes

RPP demonstrates excellent operative outcomes. 
Operative time is generally similar to that for 
radical retropubic prostatectomy and ranges 
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from a median time of 178 minutes to 200 
minutes in recent series.34,44 These operative 
times include the time required for lymph node 
dissection through a separate incision and are 
further shortened if node dissection is omitted in 
appropriately-selected, low-risk patients. Com-
pared with the retropubic approach, perineal 
prostatectomy generally results in lower esti-
mated blood loss and lower rates of blood trans-
fusion. In a large, retrospective review, Salomon 
and colleagues34 found that only 16% of RPP 
patients required blood transfusion compared 
with 26% of RRP patients. In the only random-
ized controlled trial published to date, Martis 
and colleagues44 found that median estimated 
blood loss was 200 mL for RPP and 450 mL for 
RRP (P < .001), and the median number of 

packed red blood cells transfused was none for 
RPP and two for RRP (P < .001). A study of 
matched controls of RPP and RRP patients from 
the Uniformed Services Urology Research Group 
found similar results35 (Table 7-3).

Widespread anecdotal evidence suggests that 
the pain associated with perineal prostatectomy 
is signifi cantly decreased compared with the 
pain due to the retropubic approach. Weizer and 
associates43 investigated narcotic pain require-
ments after RPP and found that 84% and 98% 
of patients did not require parenteral narcotics 
by postoperative days 1 and 2, respectively. 
Similarly, a study by Sullivan and associates45 
found that the mean time for use of only oral 
analgesics was 1.7 days for RPP and 3.8 days for 
RRP. In a study by Weizer and associates, the 

Table 7-3. Comparison of Operative Outcomes Between Radical Perineal and Radical Retropubic Prostatectomy

Outcome

RPP RRP

P Value

Median (Range)

(n = 100) (n = 100)

Martis et al44 (2007)

Operative time (min) 130 (100–180) 125 (110–180) NS
Estimated blood loss (mL) 200 (100–600) 450 (200–900) <.01
Transfusion rate (no. units) 0 (0–2) 2 (1–5) <.01
Length of bladder catheterization (days) 7 (5–21) 13 (10–21) <.01
Length of hospital stay (days) 8 (7–20) 13 (10–21) <.01

Mean ± SD

(n = 119) (n = 145)

Salomon et al34 (2002)

Operative time (min) 178 ± 69 197 ± 56
Transfusion rate (% patients)  15.9%  26.2%
Length of bladder catheterization (days) 11.7 ± 4.4 15.9 ± 7.7
Length of hospital stay (days) 8.5 ± 4.8 15.2 ± 8.3

Mean

(n = 100) (n = 190)

Lance et al35 (2001)

Estimated blood loss (mL) 802 1575 <.01
Autologous transfusion rate (no. units) 0.3 1.7 <.01
Homologous transfusion rate (no. units) 0.1 0.2 .32

Mean ± SD

(n = 79) (n = 59)

Sullivan et al45 (1999)

Operative time (min) 120 ± 24 126 ± 27 NS
Estimated blood loss (mL) 416 ± 288 1138 ± 607 <.01
Length of hospital stay (days) 4.5 ± 2.3 6.7 ± 1.7 <.01
Time to regular diet (days) 2.3 ± 1.5 5.1 ± 1.6 <.01
Duration of parenteral analgesics (days) 1.7 ± 1.2 3.8 ± 1.5 <.01

RPP, radical perineal prostatectomy; RRP, radical retropubic prostatectomy.
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majority of patients no longer needed narcotic 
analgesia by postoperative week 3 (Fig. 7-15).

In terms of complication rates, studies with 
direct comparison groups have found that peri-
neal prostatectomy generally results in fewer 
medical and surgical complications when com-
pared with retropubic prostatectomy.34,35 In par-
ticular, the rarity of deep vein thrombosis and 
pulmonary embolism is attributed to patient 
positioning during RPP and the relatively earlier 
ease of ambulation. Salomon and associates34 
also found that the perineal approach resulted 
in fewer complications than laparoscopic radical 
prostatectomy. These trends are, for the most 
part, not statistically signifi cant. The rate of 
rectal injury with RPP is inconsistently higher 
than that for RRP in certain series.35 However, 
data from Haggman and colleagues33 suggest 

that rectal injuries are easily managed with 
primary closure and thus not considered a sig-
nifi cant risk during surgery. Table 7-4 shows 
comparisons of surgical complication rates 
among perineal, retropubic, and laparoscopic 
approaches in recent radical prostatectomy 
series.

Perhaps because of the decreased levels of 
pain and the trends toward decreased morbid-
ity, overall convalescence appears to be shorter 
with RPP compared with RRP. Sullivan and 
associates45 found a mean time to regular diet of 
2.3 days for those with RPP compared with 5.1 
days for those with RRP (P < .001). In their 
study, length of hospital stay was also signifi -
cantly shorter at 4.5 days for RPP versus 6.7 
days for RRP (P < .001). In trials in which 
removal of the Foley catheter was predicated on 
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Table 7-4. Comparison of Surgical Complication Rates Among the Perineal (RPP), Retropubic (RRP), and 
Laparoscopic (LRP) Approaches to Radical Prostatectomy

Complication RPP (%) RRP (%) LRP (%) P Value

Salomon et al34 (2002) (n = 119) (n = 145) (n = 137)
 Rectal injury 0.8 2.8 1.5
 Anastomotic fi stula — 0.7 3.6
 Neuropraxia 2.5 — —
 Ureteral injury 0.8 — 0.7
 Pelvic hematoma — 2.1 0.7
 Lymphorrhea 1.7 4.8 2.9
Lance et al35 (2001) (n = 190) (n = 190)
 Rectal injury 4.9 — .01
 Bladder neck contracture 3.5 9.3 .13

Figure 7-15. Narcotic analgesic 
usage after radical perineal 
prostatectomy (RPP). Oral 
narcotic usage after discharge from 
the hospital was assessed in 98 
consecutive RPP patients at Duke 
University Medical Center between 
1/2001 and 12/2001. Most patients 
no longer required narcotic 
analgesia by postoperative week 3. 
(From Weizer AZ, Silverstein AD, 
Young MD, et al: Prospective 
evaluation of pain medication 
requirements and recovery after 
radical perineal prostatectomy. 
Urology 62:693, 2003.)
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fi nding no cystographic evidence of anastomotic 
leakage, the catheters were generally removed 4 
to 5 days earlier, and discharge from the hospital 
generally occurred 5 to 7 days earlier in the 
perineal groups44,45 (see Table 7-3). A possible 
reason for the shorter duration of catheteriza-
tion in RPP is that there is relatively better 
visualization and access to the vesicourethral 
anastomosis with the perineal approach. As 
perioperative management techniques have 
improved, length of stay for all types of radical 
prostatectomies has decreased. In particular, 
Ruiz-Deya and colleagues46 have reported on a 
series of 100 consecutive RPPs in which 91% of 
the patients were discharged from the hospital 
within 24 hours of their procedure.

Oncologic Outcomes

Optimal cancer control is a function of complete 
excision of tumor. Incomplete excision, as evi-
denced by positive margins, may be considered 
a function of both pathologic stage and surgical 
technique. Indeed, positive margin rates are gen-
erally higher in patients with higher stage disease. 
In recent years, positive margin rates have 
decreased dramatically for all forms of prosta-
tectomy. Although this is an area of some con-
troversy,47 most series have found no statistically 
signifi cant difference between perineal and ret-
ropubic prostatectomy techniques with positive 
margin rates ranging from 11% to 43% for both 
approaches34,44,45,48–50 (Table 7-5). It is interest-
ing that the location of positive surgical margins 
differs among the different techniques, with the 
bladder neck being the most common site in RPP 
and the prostatic apex being the most common 
site in RRP50 (Fig. 7-16). This fi nding likely 
refl ects the relative diffi culty of dissection at 
these sites in each approach.
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Figure 7-16. Locations of positive margins according 
to prostatectomy type. The most common sites of 
positive surgical margins occur at the bladder neck in 
radical perineal prostatectomy and at the prostatic apex in 
radical retropubic prostatectomy. (Data from Salomon L, 
Anastasiadis AG, Levrel O, et al: Location of positive 
surgical margins after retropubic, perineal, and 
laparoscopic radical prostatectomy for organ-confi ned 
prostate cancer. Urology 61:386, 2003.)

The effi cacy of RPP in achieving long-term 
disease control is well documented. In a large 
series of 1230 patients spanning 20 years, Iselin 
and associates8 found that patients with organ-
confi ned disease experienced 10-year and 15-
year cancer-associated survival rates of 92.9% 
and 85.5%, respectively. In this study, to better 
capture the idea that survival is a function of 
underlying tumor biology, cancer-associated 
mortality was defi ned as any death, regardless of 
cause, in a patient with a rising PSA of 0.5 ng/
mL or greater. Median time to cancer-associated 
mortality in patients with organ-confi ned disease 

Table 7-5. Comparison of Positive Margin Rates Among the Perineal (RPP), Retropubic (RRP), 
and Laparoscopic (LRP) Approaches to Radical Prostatectomy

Study

Positive Margin Rate

P ValueRPP (%) RRP (%) LRP (%)

Martis et al44 (2007) 14 15 NS
Salomon et al50 (2003) 13.9 18.9 18.9
Lance et al35 (2001) 43 39.5 .67
Sullivan et al45 (1999) 11.4 11.9 NS
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was not reached by 5 years in all Gleason score 
categories, suggesting that low-volume, high-
grade disease can be successfully treated by 
RPP. For patients with specimen-confi ned and 
margin-positive disease, long-term survival rates 
were lower, but were nevertheless extended 
(Fig. 7-17).

In the era of PSA screening, most studies now 
use biochemical recurrence as a surrogate marker 
for disease recurrence. Median time to PSA 
recurrence occurred at approximately 80 months 
after RPP in the Uniformed Services Urology 
Research Group study and was not signifi cantly 
different from the recurrence rate for RRP.35 
Similarly, there were no statistical differences in 
biochemical recurrence-free survival in the ran-
domized controlled trial by Martis and research-
ers44 at 60 months.

Functional Outcomes

Postprocedural health-related quality of life is 
increasingly recognized as an important determi-
nant in the selection of a treatment modality. 
After radical prostatectomy, the primary health-
related quality of life (HRQOL) issues include 
urinary, sexual, and bowel function. Such 

HRQOL data are now being collected in large 
prospective, longitudinal studies using validated 
patient self-assessment instruments such as the 
Expanded Prostate Cancer Index Composite 
(EPIC) questionnaire. At Duke University, long-
term data on the recovery of RPP patients’ indi-
vidual baseline HRQOL are now available. 
Figure 7-18 summarizes the time course to 
recovery of mental, physical, urinary, sexual, 
and bowel HRQOL in this cohort of patients.51

In the urinary domain, RPP demonstrates 
excellent outcomes. Variously defi ned and vari-
ously assessed, total urinary continence rates for 
those with RPP have ranged from 86% to 96% 
at 1 year.44,45,48,52 Return of continence for the 
perineal approach has been suggested to occur 
earlier than for RRP. In particular, Bishoff and 
associates53 found in a single time point mail 
survey of 784 RRPs and 123 RPPs that 79% of 
RPP patients versus 85% of RRP patients 
reported incontinence immediately after surgery 
(P = .043). In a prospective comparison of RPP 
to the newer technique of robot-assisted laparo-
scopic prostatectomy (RALP), no statistically 
signifi cant differences in urinary outcomes were 
seen, with median time to social continence, 
defi ned as the use of 0–1 pads per day, being 
3.3 months for RPP and 3.7 months for RALP 
(P = .175)51 (Fig. 7-19). In addition, in studies 
using validated patient self-assessment instru-
ments such as the EPIC questionnaire and the 
UCLA-Prostate Cancer Index (UCLA-PCI), 
RPP appears to offer an advantage over RRP in 
terms of recovery of urinary function and bother 
scores54–56 (Table 7-6). However, well-designed, 
multi-institutional prospective studies that 
compare the various surgical approaches are 
lacking.

Owing to the location of the neurovascular 
bundles along the prostatic capsule, all forms of 
prostatectomy have detrimental effects on erec-
tile function. Because of the earlier adoption of 
a nerve-sparing technique for retropubic prosta-
tectomy, patients with good erectile function 
historically have been preferentially selected for 
retropubic prostatectomy. Using physician-
reported data, Weldon and colleagues3,52 found 
that potency after bilateral nerve-sparing RPP 
was 50% at 1 year and 70% at 2 years. Frazier 
and colleagues48 also found 77% of RPP patients 
to be potent 12 months after surgery. In a com-
parison between RPP and RRP that did not 
control for nerve-sparing technique, Sullivan 
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Figure 7-17. Long-term cancer-associated survival. 
This study of long-term cancer-associated survival in 1230 
Duke University Medical Center patients over a 20-year 
time period is grouped by pathologic stage. (Data from 
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prostatectomy: oncological outcome during a 20-year 
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Figure 7-18. Health-related quality of life (HRQOL) recovery profi les after radical perineal prostatectomy. 
Recovery of patients’ individual baseline HRQOL was assessed in a prospective, longitudinal study of 140 radical 
perineural prostatectomy patients between 2001 and 2006 using the EPIC questionnaire. (Data from Tseng TY, Albala 
DM, Dahm P: Prospective Comparison of the Health-Related Quality of Life Outcomes of Robotic Prostatectomy and 
Radical Perineal Prostatectomy. Unpublished data, Duke University Medical Center, 2006.)
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Table 7-6. Percent of Patients Returning to Their 
Individual Baseline Urinary HRQOL by 12 Months 

Using the EPIC and UCLA-PCI Questionnaires

HRQOL Domain RPP* (%) RRP† (%) RALP‡ (%)

Urinary function 73 56 71
Urinary bother 80 71 87

*Yang et al55 (2004).
†Litwin et al54 (2001).
‡Tseng et al56 (2006).
RPP and RALP were assessed using the EPIC questionnaire. RRP was 
assessed using the UCLA-PCI. The urinary HRQOL assessment 
questions and scoring systems are the same for both questionnaires.
HRQOL, health-related quality of life; RALP, robot-assisted laparoscopic 
prostatectomy; RPP, radical perineal prostatectomy; RRP, radical 
retropubic prostatectomy.

and associates45 found patient-reported UCLA-
PCI sexual function scores to be similar between 
the two groups at 21.2/100 and 21.9/100. 
Sexual bother scores were in fact higher in the 
perineal group at 35.8/100 and 26.6/100, 
respectively. In the randomized trial by Martis 
and associates44 in which all patients underwent 
bilateral nerve-sparing procedures, mean (Inter-
national Index of Erectile Function (IIEF) scores 
at 6 months were 18.5 ± 0.5 for RPP and 21.7 
± 1.9 for RRP. At 24 months, mean IIEF scores 
were 19.7 ± 1.1 and 23.1 ± 2.5, respectively. No 
signifi cant differences in potency, as defi ned by 
the patient’s subjective ability to “reach an erec-
tion capable of completing sexual intercourse in 
a satisfying way” were noted at 6 months. At 24 
months, however, this group noted a statistically 

signifi cant difference in potency rates of 42% for 
RPP and 60% for RRP. Nevertheless, the effi -
cacy of the nerve-sparing technique for RPP is 
evident in a recent study using the EPIC patient 
self-assessment questionnaire. In this study, 
median time to return of erectile function as 
defi ned by erections fi rm enough for intercourse 
was 23.8 months in patients undergoing nerve 
sparing and not achieved in those not undergoing 
nerve sparing57 (Fig. 7-20).

A study by Bishoff and colleagues53 sug-
gested that RPP is associated with high rates of 
postoperative fecal incontinence. In a cross-sec-
tional study using a mailed survey, they found 
that 17% of RPP patients had fecal inconti-
nence more than once per month compared 
with 10% of RRP patients. However, two sub-
sequent prospective studies have countered this 
fi nding.58,59 Specifi cally, a longitudinal study of 
bowel-related quality of life found the inci-
dence of new-onset fecal incontinence of any 
degree to be less than 4%. Furthermore, 92% 
of RPP patients recovered their individual 
baseline EPIC bowel domain scores by 6 
months59 (Fig. 7-21). These data suggest that 
bowel dysfunction after RPP is a real, but rare, 
event that resolves in most patients in the 
early postoperative period. In addition, there 
may be a high rate of unrecognized preopera-
tive bowel dysfunction among radical prostatec-
tomy candidates, which should be accounted 
for with the use of routinely administered, vali-
dated questionnaires prior to surgery.
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Figure 7-19. Comparison of time 
course for recovery of 0–1 pad social 
continence after radical perineural 
prostatectomy (RPP) and robot-
assisted laparoscopic prostatectomy 
(RALP). Data were prospectively 
accrued using the EPIC questionnaire in 
137 RPP and 135 RALP patients with no 
preoperative incontinence between 2001 
and 2006. (Data from Tseng TY, Albala 
DM, Dahm P: Prospective Comparison 
of the Health-Related Quality of Life 
Outcomes of Robotic Prostatectomy and 
Radical Perineal Prostatectomy. 
Unpublished data, Duke University 
Medical Center, 2006.)
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Conclusions

Radical perineal prostatectomy provides a 
number of advantages in the treatment of 
clinically organ-confi ned prostate cancer, 
including good long-term disease control, a rela-
tively short convalescence period, and early 
return of urinary control. Nerve-sparing tech-
niques have also demonstrated signifi cant effi -

cacy in the preservation of erectile function. 
Because of the decreased morbidity associated 
with the procedure, RPP remains an attractive 
treatment option for many appropriately selected 
patients.
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Figure 7-20. Comparison of time course 
for recovery of erectile function in radical 
perineal prostatectomy (RPP) patients 
undergoing nerve-sparing and non–nerve-
sparing procedures. Data were 
prospectively accrued using the EPIC 
questionnaire between 2001 and 2004. Sixty-
nine patients underwent nerve-sparing (NS) 
and 89 patients underwent non–nerve-sparing 
(NNS) procedures. All patients reported being 
sexually active before surgery. (From Kuebler 
HR, Tseng TY, Sun L, et al: Impact of nerve-
sparing technique on patients’ self-assessed 
outcomes in radical perineal prostatectomy. 
J Urol 178:488, 2007.)

Figure 7-21. Prevalence of varying 
degrees of fecal incontinence at 
baseline before surgery and up to 9 
months after radical perineal 
prostatectomy. Data were prospectively 
collected using the EPIC questionnaire. (Data 
from Dahm P, Silverstein AD, Weizer AZ, 
et al: A longitudinal assessment of bowel 
related symptoms and fecal incontinence 
following radical perineal prostatectomy. 
J Urol 169:2220, 2003.)
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K E Y  P O I N T S
● Radiation therapy involves the use of high-energy x-

rays or subatomic particles to kill tumor cells.
● Radiation is the most common initial treatment for 

localized prostate cancer in the United States.
● External-beam radiation and low dose rate brachy-

therapy are the most common radiation modalities 
for localized prostate cancer; other less commonly 
used radiation modalities are high dose rate brachy-
therapy, proton therapy, and neutron therapy.

● The choice of radiation treatment method and the 
decision to combine this with androgen ablation 
depend on a patient’s risk stratifi cation and baseline 
urinary and rectal symptoms.

● External-beam radiation may be appropriate 
after prostatectomy in the setting of adverse patho-
logic features or prostate-specifi c antigen (PSA) 
recurrence.

● Radiation is as effective as surgery for low-risk disease 
and is the preferred modality, when combined with 
androgen ablation, for locally advanced disease.

● Intensity-modulated radiation therapy (IMRT) is the 
most commonly used modern technique of external-
beam radiation that allows for highly conformal dose 
distribution.

● The most important potential side effects of exter-
nal-beam radiation therapy (EBRT) and brachyther-
apy are urethral irritation/stricture, proctitis, and 
erectile dysfunction.

gies allow us to preferentially target tumors and 
limit normal tissue exposure.

Externally applied radiation, also known as 
external-beam radiation therapy (EBRT), is 
usually administered over a protracted course of 
many doses, commonly referred to as fractions. 
The use of multiple smaller fractions allows one 
to take repeated advantage of the superior repair 
ability of normal cells over tumor cells.

Radiation can also be internally applied by 
directly implanting radiation sources into tumors 
or cavities. This kind of treatment is referred to 
as brachytherapy (brachy means “short distance” 
in Greek). The radiation from brachytherapy 
sources usually travels only over very short dis-
tances, allowing for the delivery of high doses of 
radiation to tumors with minimal dose to normal 
surrounding tissues.

The SI unit of radiation measurement is the 
gray (Gy), which is defi ned as energy absorbed 
from ionizing radiation equivalent to 1 joule per 
kilogram. For clinical purposes, radiation dose is 
often described in terms of centigray (cGy). The 
older term was the rad; 1 rad is equal to 1 cGy. 
Treatment with heavy particles such as protons 
or neutrons is described in terms of centigray-
equivalents. Contemporary treatments typically 
use linear accelerators that deliver high-energy 
photons and electrons in the megavoltage range. 
The methods of EBRT delivery vary in nature 
and are discussed in further detail in the follow-
ing text.

The Role of Radiation Therapy in the 
Treatment of Prostate Cancer

Of all patients diagnosed with prostate cancer 
between 1998 and 2003, an estimated 40% 

Introduction

Radiation therapy involves the use of high-energy 
x-rays or subatomic particles to kill tumor cells. 
Radiation causes cell death by direct interaction 
with DNA or, more commonly, by initiating a 
secondary DNA damaging process. Radiation 
can be safely used to treat tumors for two 
important reasons: Normal cells are more adept 
than tumor cells at repairing radiation-induced 
DNA damage, and imaging and other technolo-
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were initially treated with some form of radia-
tion treatment. If one considers only patients 
with disease confi ned to the prostate (stage II) 
disease, approximately 45% chose some form 
of radiation for their initial treatment, making 
radiation the most common initial treatment 
modality1 (Fig. 8-1).

Compared with patients undergoing radical 
prostatectomy, men treated with radiation 
tended to be older and have more advanced 
disease, though this is now changing. In a recent 
review of 2991 patients with T1-T2 disease 
treated with surgery or radiation, the average 
surgical patient was 63 years old compared with 
68 to 70 years receiving the various forms of 
radiation.2 Men treated with radiation also had 
higher Gleason scores and higher pretreatment 
prostate-specifi c antigens (PSAs). In the 1999 
Patterns of Care study for prostate cancer radia-
tion, more than 60% of men treated with EBRT 
had intermediate- or high-risk disease.3

The Patterns of Care study also notes the 
increasing popularity of brachytherapy among 
men choosing radiation therapy. In 1999, 36% 
of men treated with radiation received brachy-
therapy, compared with only 5% of such patients 
in 1994.

Historical Overview of Radiation for 
Prostate Cancer

The treatment of the prostate with some form 
of radiation dates back nearly a century. In 1910, 
Paschkis and Tittinger inserted radium into the 
prostatic urethra with a cystoscope to treat a 
case of prostate cancer. A few years later, Dr. 
Hugh Young4 of Johns Hopkins reported on the 
use of urethral and rectal radium “applicators” 
in a number of patients with prostate cancer. In 
conjunction with other studies, these provided 
early evidence that radiation could ablate pros-
tate cancer and relieve some related symptoms. 
However, treatment in this manner presented 
technical challenges and conferred signifi cant 
side effects. In 1928, Barringer5 provided the 
fi rst report on the use of externally applied kilo-
voltage radiation for prostate cancer. Skin toler-
ance limited the dose that could ultimately be 
delivered by this low-energy radiation, because 
its beams were mostly absorbed by superfi cial 
tissues such as skin. Eventually, low-energy 
machines were replaced by the use of cobalt 
machines, which allowed for the treatment of 
more deeply seated tumors owing to their higher 
energy radiation output. In 1965, George and 
associates6 reported on the fi rst series of pros-
tate cancer patients treated with cobalt-60. 
Concurrently, the megavoltage linear accelera-
tor was being developed at Stanford.7 Bagshaw, 
Del Regato, and others reported on the use of 
this modality as a possible curative treatment for 
prostate cancer, bringing us into the modern era 
of radiation therapy for this disease.8,9

External-Beam Radiation Therapy 
Simulation and Treatment Planning

Since the development of megavoltage machines, 
much of the progress in EBRT to the prostate 
has been in the area of treatment planning. In 
the following section, we discuss the process 
of simulation and the evolution of treatment 
planning from two-dimensional planning (2D) 
to three-dimensional planning (3D) and 
most recently to intensity-modulated radiation 
therapy (IMRT).

Simulation is the fi rst step in treatment plan-
ning and refers to the process of acquiring a 
model of the patient that will be used to devise 
a radiation treatment plan. The patient is asked 
to arrive for simulation with a full bladder and 

Radiation + HT
21%

Radiation
24%

Other
15%

Surgery + HT
3%

Surgery
37%

Figure 8-1. Initial treatment modality for stage II 
prostate cancer, 1998–2003. Radiation therapy with or 
without hormone therapy (HT) is the most commonly used 
initial treatment modality for patients diagnosed with 
localized prostate cancer (stage II). (These estimates were 
taken from the National Cancer Database, Commission on 
Cancer, ACoS. Benchmark Reports, v7.0.)
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empty rectum, which decreases positional vari-
ability of the prostate and seminal vesicles. The 
patient is then placed in the same position that 
he will be in during treatment. For prostate 
cancer, patients can be simulated (and treated) 
either in the supine or prone positions. We 
prefer to simulate a patient in the supine posi-
tion, but we sometimes use the prone position 
if signifi cant amounts of small bowel are seen 
within the intended treatment fi eld. Once good 
positioning is achieved, individualized immobili-
zation devices are created to help minimize 
variations in daily set-up and to ensure repro-
ducibility of positioning on the treatment couch. 
These devices have become increasingly impor-
tant with the advent of IMRT, which requires 
very accurate daily setups. Just before image 
acquisition, a contrast urethrogram is performed 
to help clarify the location of the penile bulb 
and prostatic apex. Finally, images are taken of 
the patient in his fi nal treatment position.

If simulation images are acquired using fl uo-
roscopy, then the subsequent planning is consid-
ered 2D. In the 2D approach, the parameters of 
the treatment beams for prostate cancer are 
determined using a combination of bony land-
marks, contrast material in the bladder and 
bowel, and the urethrogram. Because this is rela-
tively imprecise, the planner must target the 
prostate plus a signifi cant margin to address 
uncertainties.

If, as is now more commonly done, CT images 
are obtained at the time of simulation, then the 
subsequent planning is considered 3D. With 3D 
planning, tumor targets (prostate, seminal vesi-
cles, rectum, and occasionally at-risk lymph 
nodes) and other organs of interest are outlined 
on each slice of the CT scan. These outlines 
form volumes that can be displayed in three 
dimensions. A beam’s eye view display allows 
for visualization of structures from the perspec-
tive of the radiation source. Using these visual-
ization techniques, the treatment planner can 
select beam angles and beam shapes that best 
target the tumor while limiting dose to impor-
tant normal structures. These volumes provide 
an accurate depiction of the target location. 
Therefore, the planner does not need to add as 
large a margin to the tumor as is required in 2D 
planning.

The conventional EBRT technique uses a 
four-beam approach (four-fi eld box), with an 
anterior-posterior (AP), a posterior-anterior 

(PA), and two opposed lateral fi elds to cover the 
prostate, seminal vesicles, and draining regional 
nodes. More sophisticated 3D conformal radia-
tion treatment (3D-CRT) plans use a larger 
number of beams at varying angles to allow for 
better dose conformality around the target with 
less dose to surrounding normal tissues.

IMRT is an advanced form of 3D-CRT that 
uses computer algorithms to optimize beam 
angles and shapes to achieve the most favorable 
treatment plan. The planning process in IMRT 
differs in its sequence from 3D-CRT and is 
known as “inverse treatment planning.” Rather 
than specifying a set of beams up front and using 
a trial-and-error approach to make adjustments, 
a desired dose distribution to the target and 
nontarget volumes is fi rst specifi ed, and a math-
ematical approach is used to convert this into a 
clinically applicable treatment plan. The optimi-
zation algorithm iteratively adjusts the intensity 
profi le of each radiation beam until a dose dis-
tribution is produced that most closely resem-
bles the predetermined criteria. Each radiation 
fi eld is subdivided into a series of different 
beams with different weights ultimately assigned 
to each. The resultant radiation beams have 
varying intensities across the range of the treat-
ment fi eld. These intensity-modulated radiation 
beams converge to form an appropriate dose 
distribution within the target volume, with a 
rapid fall-off of dose to the surrounding normal 
tissue. Because of these superior features, IMRT 
is now the form of EBRT most widely used in 
the defi nitive management of prostate cancer.10 
Figure 8-2 shows dose distribution in a 3D-CRT 
plan and an IMRT plan.

Brachytherapy Planning and Treatment

Prostate brachytherapy refers to the implanta-
tion of radioactive sources (or “seeds”) into the 
prostate under image guidance. There are two 
forms of brachytherapy: low-dose rate (LDR) 
and high-dose rate (HDR). LDR brachytherapy 
is more commonly used in the treatment of 
prostate cancer and therefore further discussion 
of brachytherapy is limited to this modality; 
HDR is addressed in a later section.

Prostate brachytherapy is typically performed 
in the course of 2 hours under spinal or general 
anesthesia in an outpatient setting. Once placed, 
the sources emit low-energy radiation over a 
discrete distance over a period of weeks to 
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months, killing prostate cancer cells in the 
process. This approach is an attractive option for 
many patients in terms of convenience and 
minimal interference with daily activity and 
lifestyle.

Before the actual procedure, the patient 
undergoes a transrectal ultrasound or a CT-
based volume study. This information allows the 
physician to pre-plan the 3D seed distribution 
required to deliver the prescribed dose to the 
prostate and periprostatic margin. Seeds are 
preferentially placed in a peripheral distribution 
to avoid overdosing the urethra. In the operating 
room, patients are placed in the dorsal lithotomy 
position, a Foley catheter is inserted, and a tem-
plate is positioned against the perineum. Using 
transrectal ultrasound guidance, hollow needles 
are guided into the prostate using the template, 
and the seeds are deposited according to the 
plan (which is often modifi ed in the operating 
room to account for possible changes in prostate 
size) (Figs. 8-3 and 8-4). Seeds can be placed 
either using a device called a Mick applicator, 
with needles preloaded with seeds, or using 
seeds strewn on ribbon at spaced intervals. 
Most commonly, iodine-125 (125I or I-125) or 
palladium-103 (103Pd or Pd-103) seeds are 
used. They measure approximately 4.5 × 
0.8 mm, and generally 60 to 100 seeds may 
be placed, depending on the size of the prostate. 
A CT scan is typically obtained at some 
point following the implant to verify seed 
positioning.11

Relative contraindications to the use of pros-
tate brachytherapy include large prostate size 
(more than 60 g), history of transurethral resec-
tion of the prostate (TURP), and irritative or 
obstructive urinary symptoms. These factors 

3D Plan IMRT Plan Figure 8-2. Comparison of 3D-
CRT (conformal radiation 
therapy) and IMRT (intensity-
modulated radiation therapy) 
for defi nitive radiation to the 
prostate. Dose levels are 
represented by different colored 
lines (isodose lines), with the 
higher dose lines closer to the 
target. Note the more highly 
conformal isodose lines in the 
IMRT plan compared with the 3D-
CRT plan.

Figure 8-3. Patient in lithotomy position before 
placement of brachytherapy seeds. An ultrasound is 
inserted into the rectum before the placement of 
brachytherapy seeds in order to verify the position of the 
prostate and to help guide seed placement.

predispose the patient to an increased risk of 
complications. A history of TURP may increase 
the rates of urinary incontinence, and a high 
International Prostate Symptom Score (IPSS), 
a measure of urinary symptoms, has been found 
to predict for postimplantation urinary reten-
tion. A patient with a large prostate may be 
placed on a trial of androgen deprivation in an 
attempt to shrink the gland to an adequate size 
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for implantation, although controversy exists as 
to whether this reduces postimplantation urinary 
symptoms.12,13 Other factors to consider are the 
presence of a large median prostate lobe, previ-
ous pelvic surgeries, and severe diabetes.14

Patient Stratifi cation

The workup of patients with newly diagnosed 
prostate cancer is discussed in Chapter 2. The 
three most important factors used to risk strat-
ify a patient are clinical stage, PSA, and Gleason 
score. The most common risk classifi cation 
scheme was developed by D’Amico and col-
leagues.15,16 This scheme classifi es patients with 
a Gleason score of 2–6, PSA less than 10 ng/mL, 
and clinical stage of T1c-T2a as low-risk, patients 
with a Gleason score of 7 or PSA 10 to 20 ng/
mL or stage T2b as intermediate-risk, and 
patients with Gleason score of 8–10 or PSA 
higher than 20 ng/mL or clinical stage T2c and 
above as high-risk. The risk of PSA failure at 5 
years after single-modality treatment with 

radical prostatectomy, EBRT, or brachytherapy 
was reported by D’Amico and associates16 in a 
large retrospective analysis as less than 25%, 
25% to 50%, and more than 50% for low-, inter-
mediate-, and high-risk patients, respectively. 
This model has subsequently been validated in 
other series and is frequently used to guide 
current management decisions.

Outside of this formal risk stratifi cation, 
other pathologic factors are taken into account 
as well when advising patients of their treatment 
options. These include, but are not limited to, 
the presence of perineural invasion, the relative 
percentage of involved tissue on biopsy, pre-
treatment PSA kinetics, and the size of the 
prostate.

The presence of perineural invasion (PNI) on 
biopsy has been found to have prognostic signifi -
cance. A number of surgical series have reported 
that PNI seen on preoperative biopsy specimens 
has been associated with an increased likelihood 
of extraprostatic extension (EPE), worse fi nal 
pathologic stage, higher grade, and/or the pres-
ence of seminal vesicle or lymph node involve-
ment.17–24 PNI was reported to have a signifi cant 
adverse effect on biochemical disease-free sur-
vival for patients with a PSA of less than 20 ng/
mL treated with EBRT, as well as on prostate 
cancer-specifi c mortality in patients with low- 
and intermediate-risk disease treated with radia-
tion.25,26 Given these data, some practitioners 
classify patients with PNI who would otherwise 
qualify as low-risk into the intermediate-risk 
category, thus altering their recommended treat-
ment options.

The percent of positive biopsy cores has also 
been found to be predictive of outcome for 
patients with low- to intermediate-risk disease. 
D’Amico and associates27 reported that patients 
with greater than half of sampled cores involved 
with disease had a signifi cantly worse disease-
specifi c mortality rate at 4.5 years. However, 
this factor infl uences management decisions 
only in patients with low-risk disease who might 
otherwise qualify for expectant management. 
The watchful-waiting paradigm set forth by 
Carter28 at Johns Hopkins limits the number of 
positive cores to 2 or less for eligibility.

PSA kinetics has also been found to have 
prognostic signifi cance. D’Amico and associ-
ates29 have reported that men with localized 
prostate cancer and a preoperative PSA increase 
of greater than 2.0 ng/mL per year experience a 

Figure 8-4. Patient in lithotomy position during 
placement of brachytherapy seeds. Brachytherapy 
seeds are inserted by a needle as shown in the photo. 
The position of seed placement is then verifi ed by a rectal 
ultrasound that remains in position throughout the 
procedure.
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10-fold increase in prostate cancer-specifi c mor-
tality despite radical prostatectomy. This was 
followed by an investigation for the same trend 
in patients treated with EBRT. Similarly, a 
greater than 2.0 ng/mL increase in PSA level 
during the year before diagnosis was found to be 
associated with a signifi cantly higher cancer-spe-
cifi c mortality, even in patients with otherwise 
low-risk disease. They concluded that it would 
be reasonable to treat men with low-risk disease 
and a PSA rise of 2.0 ng/mL or more in the year 
before diagnosis with androgen suppression 
along with RT.30 Studies of PSA doubling time 
(PSADT) have found that patients who undergo 
observation are more likely to require treatment 
if their PSADT is less than 4 years and are more 
likely to experience PSA relapse if their pre-
treatment PSADT was less than 2 years.31,32

Treatment by Risk Group

Low Risk

Patients in the low-risk category have the most 
options available to them for treatment, includ-
ing expectant management, surgery, EBRT, and 
brachytherapy. Expectant management and sur-
gical options are discussed in Chapters 7 through 
10 of this book. This section focuses on the 
results of EBRT and brachytherapy in low-risk 
patients.

The effi cacy of EBRT compared with radical 
prostatectomy for low-risk patients has not 
been directly compared in a randomized con-
trolled trial. Retrospective comparisons are 
complicated by the fact that EBRT patients 
tend to be older and less healthy and have more 
advanced disease. Moreover, radiation tech-
niques and doses used in these patients have 
changed dramatically over the past 20 years, 
making the effi cacy of radiation treatment a 
moving target. The same can be said for surgery, 
though probably to a lesser extent. Nonethe-
less, retrospective attempts at comparing EBRT 
and surgery have been made, and the results 
suggest that at contemporary doses of radiation 
(more than 72 Gy), EBRT and surgery have 
similar outcomes. For example, RTOG 77-06 
reported on patients with organ-confi ned 
disease treated with conventional RT. The 5- 
and 10-year survival rates were 87% and 63%, 
respectively, comparable to age-matched con-
trols without prostate cancer.33 Disease-

specifi c survival was 86%, similar to reports 
from surgical series.34,35 Kupelian and col-
leagues36 showed equivalent 8-year biochemical 
disease-free survival among patients treated 
with either surgery or doses of 72 Gy (86%) 
but showed inferior results when the radiation 
doses were less than 72 Gy (48%). At our insti-
tution, for patients not on a clinical trial, EBRT 
is delivered to the prostate and seminal vesicles 
plus a margin for the fi rst 46 Gy, followed by 
a cone-down to the prostate plus a margin, to 
a total dose of 78 Gy. The entire prescription 
is delivered over 39 treatments.

Brachytherapy alone can be offered to men 
with a prostate measuring less than 50 mL, 
either at presentation or after a course of andro-
gen ablation in an attempt to downsize the gland. 
The use of brachytherapy alone has also not 
been directly compared to either surgery or 
EBRT in a randomized trial. However, 10-year 
biochemical disease-free survival rates of 87% to 
94% have been reported in patients with low-
risk disease.37,38 Blasko and associates39 reported 
a 5-year biochemical disease-free survival rate of 
94% in low-risk patients treated with Pd-103. 
Zelefsky and associates40 reported similar 5-year 
biochemical disease-free survival rates in patients 
with low-risk disease treated with either 70.2 Gy 
of 3D-CRT or 150 Gy of brachytherapy with I-
125 (86%, 82%). D’Amico looked at outcomes 
of prostatectomy, brachytherapy and EBRT and 
found equivalent biochemical disease-free sur-
vival rates among all three modalities at 5 years 
in low-risk patients.16 Review of data from 13 
case series and three cohort studies confi rmed 
that brachytherapy is comparable to EBRT and 
prostatectomy for patients with low-risk 
disease.41

Intermediate Risk

Patients who fall into the intermediate risk cat-
egory do not fare as well with surgery because 
of the higher risk of disease spread beyond the 
prostate. Gleason score of 7 or greater has been 
found to correlate with higher risk of disease 
recurrence after radical prostatectomy, as has 
PSA over 10.42,43 Therefore, options that include 
radiation therapy become increasingly attrac-
tive. These include EBRT with hormone abla-
tion or a combination of brachytherapy and 
EBRT. Despite a large body of research, it is 
diffi cult to draw defi nitive conclusions from the 
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literature as to the best treatment strategy for 
this heterogeneous group of patients.

A number of trials have examined the role of 
androgen ablation therapy in conjunction with 
radiation therapy in patients with high-risk fea-
tures. Initially, androgen blockade was used for 
cytoreduction in patients with clinical T3 
disease. Later, it was noted in RTOG 75-06 that 
patients with unfavorable histology who received 
androgen suppression along with EBRT fared as 
well as those with favorable histology treated 
with EBRT alone.44 It is now believed that 
androgen blockade results in apoptosis of 
hormone-responsive prostate cancer cells and 
may have a synergistic killing effect when com-
bined with radiation.

RTOG 86-10 was a phase III randomized 
study that evaluated the role of neoadjuvant 
and concomitant androgen ablation using gose-
relin, a luteinizing hormone-releasing hormone 
(LHRH) agonist, and fl utamide, an anti-
androgen, in patients with bulky T2-4 disease. 
The results showed a biochemical disease-free 
survival benefi t for patients treated with 
hormone therapy. However, an overall survival 
benefi t was seen only in patients with Gleason 
scores of 6 or less.45 D’Amico and colleagues46 
evaluated 6 months of adjuvant androgen abla-
tion following defi nitive radiation in patients 
with localized disease, many of whom had inter-
mediate-risk disease. An overall survival benefi t 
was seen in this trial as well. These data, taken 
together, have led to our current paradigm, 
which is to incorporate 2 months of neoadjuvant 
and 2 months of concurrent androgen ablation 
with EBRT for patients with intermediate-risk 
disease. EBRT for intermediate-risk men is 
similar in dose and technique to that given to 
men with low-risk disease with a total dose of 
78 Gy delivered over 39 treatments.

Patients with intermediate-risk disease have 
a higher likelihood of extraprostatic extension. 
Brachytherapy as monotherapy does not deliver 
what are felt to be adequate doses to peripros-
tatic tissues. Therefore, if brachytherapy is used, 
the American Brachytherapy Society (ABS) 
recommends that supplemental EBRT be deliv-
ered in patients with intermediate- and high-risk 
disease. EBRT is directed to the prostate and 
periprostatic area for a dose of 40 to 50 Gy. The 
I-125 brachytherapy dose when combined with 
EBRT ranges from 100 to 110 Gy, and that of 
Pd-103 ranges from 80 to 90 Gy.14 However, 

signifi cant controversy exists as to the value of 
adding EBRT to brachytherapy for this group of 
patients, and the most appropriate sequence of 
treatments is not well established.47 At Johns 
Hopkins, we prefer to treat patients with EBRT 
to a dose of 40 to 45 Gy approximately 1 month 
after implantation. Recently, the Seattle Pros-
tate Institute reported their long-term results on 
patients treated with combined brachytherapy 
and EBRT. Patients with intermediate-risk 
disease fared nearly as well as those with low-
risk disease, with an 80% rate of biochemical 
disease-free survival at 15 years.48 Others have 
reported similar long-term rates at 10 years with 
this approach.49–51

High Risk

The treatment of patients with high-risk disease 
requires a multimodality approach. Radical 
prostatectomy alone yields inferior results, as 
does brachytherapy or EBRT alone. Much data 
support the use of combined androgen blockade 
with defi nitive EBRT, some of which have already 
been discussed in the context of intermediate-
risk disease. A pivotal study performed by 
the EORTC randomized patients with locally 
advanced or high-grade cancers to radiation alone 
or radiation with concurrent goserelin followed 
by 3 years of adjuvant goserelin. In addition to 
biochemical and clinical disease-free survival 
advantage, an overall survival advantage was 
shown in the men who received combined 
therapy.52 Two other important studies that 
included men with high-risk disease were RTOG 
85-31 and RTOG 92-02. RTOG 85-31 enrolled 
men with high-risk features and found a survival 
benefi t from treatment with adjuvant hormone 
therapy. However, this trial treated men with 
hormone therapy indefi nitely, leaving the 
optimum duration of treatment uncertain.53 
RTOG 92-02 examined the role of neoadjuvant 
and concomitant androgen ablation with or 
without an additional 2 years of treatment for 
locally advanced disease. An overall survival 
advantage was seen among patients with Gleason 
8–10 disease.54 This trial established the use of 
protracted androgen ablation in patients with 
high-risk disease.

Radiation therapy for patients with high-risk 
disease differs from that administered to patients 
with intermediate- and low-risk features. Given 
the higher risk of lymph node involvement, the 
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initial 45 Gy are delivered to a whole pelvic 
fi eld, which encompasses the internal and exter-
nal iliac lymph nodes. Alternatively, if the 
patient is treated with IMRT, these lymph nodes 
are specifi cally targeted with an appropriate 
margin while minimizing dose to the rectum and 
bladder. Support for the use of a whole pelvic 
fi eld in patients with high-risk disease is seen in 
RTOG 94-13. This trial used a 2 × 2 factorial 
design, comparing the use of neoadjuvant and 
concomitant androgen ablation with adjuvant 
androgen ablation and also comparing irradiation 
to a whole pelvic fi eld with a prostate-only fi eld. 
Most of the patients enrolled had high-risk 
disease, and all had a calculated risk of lymph 
node involvement of at least 15%. Progression-
free survival was superior with the use of whole 
pelvic fi elds when combined with neoadjuvant 
and concomitant androgen ablation.55

At our institution, we treat men with high-
risk disease with IMRT. For patients not on 
clinical trial we treat an initial volume, which 
includes the pelvic nodes to 46 Gy. The remain-
der of the dose is delivered to a cone-down 
volume to a total of 78 Gy. If the seminal vesi-
cles are known to be involved, the cone-down 
volume includes this structure. Otherwise, the 
cone-down volume encompasses the prostate 
only, with an appropriate margin. As with the 
EBRT treatments for low- and intermediate-risk 
men, total dose is given over 39 treatments.

Other treatment approaches for intermedi-
ate- and high-risk disease have been reported in 
the literature. These include combining andro-
gen ablation with prostatectomy or with brachy-
therapy, with or without EBRT. However, EBRT 

combined with neoadjuvant, concomitant and 
adjuvant androgen ablation remains the most 
widely used approach in this group of patients.

Adjuvant and Salvage Radiation after 
Radical Prostatectomy

After radical prostatectomy, we recommend 
radiation to the prostate bed if the patient is 
found to have adverse pathologic features at 
the time of surgery or if the patient develops a 
subsequent PSA recurrence in the course of 
follow-up. When a patient is treated because 
of adverse pathologic features, this is termed 
adjuvant radiation. The specifi c pathologic fea-
tures that are an indication for adjuvant radia-
tion are controversial. This controversy is 
discussed in the following section. When a 
patient is treated because of a persistent or 
recurrent PSA, this is termed salvage radiation. 
At Johns Hopkins, we consider a PSA persistent 
or recurrent if it remains or becomes greater 
than 0.1 ng/mL after prostatectomy. Other 
clinicians and researchers have used higher 
thresholds, 0.2 to 0.4 ng/mL, to defi ne PSA 
recurrence.56,57

Until recently, radiation oncologists used a 
conventional four-fi eld technique for adjuvant 
or salvage radiation. This technique necessarily 
encompasses part of a patient’s rectum and 
bladder. In the last several years, we have begun 
using IMRT in the setting of postprostatectomy 
radiation to more closely conform to the 
prostate bed and thus better spare rectal and 
bladder tissue. Figure 8-5 shows a typical dose-
distribution for a postprostatectomy IMRT plan. 

Figure 8-5. Dose distribution of an IMRT (intensity-modulated radiation therapy) plan for postprostatectomy 
radiation. Dose levels are represented by different colored lines (isodose lines), with the higher dose lines closer to the 
target. The area within the red line is the area receiving 100% of the prescribed dose. The postprostatectomy bed is 
contoured in blue in this plan.
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Postprostatectomy patients treated with adju-
vant or salvage radiation are simulated and 
treated similarly to patients undergoing defi ni-
tive radiation. These patients are generally pre-
scribed total doses of 66.6 to 70.2 Gy in 37 to 
39 treatments, depending on the features of 
their pathology. Dose is prescribed to the 
periphery of the prostatectomy bed, thereby 
delivering a slightly higher dose to central 
portions of this volume. Figure 8-6 shows the 
difference in dose distribution for a postprosta-
tectomy patient planned by conventional tech-
nique compared with IMRT.

Adjuvant Radiation

The indications for adjuvant radiation to the 
prostate bed constitute an area of major contro-
versy in the fi eld of radiation oncology. Although 
there is broad agreement about how to manage 
patients with completely resected T1/T2 disease 
(no adjuvant treatment recommended) and gross 
residual tumor (adjuvant treatment recom-
mended), there is disagreement with respect to 
the signifi cant proportion of patients who are 
found to have positive surgical margins, extracap-
sular involvement, or seminal vesicle invasion. 
This issue has been explored in large retrospec-
tive studies, with differing conclusions.58–61

To date, there have been three randomized 
trials evaluating the role of adjuvant radiation in 
postprostatectomy patients with poor patho-
logic features. In 2005, the EORTC published a 
randomized trial comparing adjuvant radiation 

to observation for postprostatectomy patients 
with pathologic T3 (pT3) tumors or pT2/T3 
tumors and positive surgical margins.62 This trial 
showed a superior biochemical failure-free sur-
vival and locoregional failure-free survival for 
the group treated with adjuvant radiation 
therapy (Table 8-1). No difference in distant 
failure rates or overall survival between the two 
groups has been seen, although the study has a 
median follow-up of only 5 years.

Another study from Southwest Oncology 
Group (SWOG), which included the same 
patient cohort and had the same trial design, 
found similar results.63,64 This study showed sig-
nifi cantly improved biochemical and local 
control rates with adjuvant radiation. In addi-
tion, men who were treated with adjuvant radia-
tion had superior distant metastases-free survival 
(43.1% vs. 35.5%, P = .06) and overall survival 
(74% vs. 66%, P = .16), although these differ-
ences were not statistically signifi cant even at a 
median follow-up of 10 years. Moreover, this 
study showed a superior 5-year freedom from 
initiation of hormone therapy for the adjuvant 
group (90% versus 79%, P < .001). Avoidance 
of total androgen suppression is important 
because it confers signifi cant morbidity includ-
ing hot fl ashes, diminished bone density, sexual 
dysfunction, cognitive dysfunction, and overall 
reduced quality of life.65,66

The third randomized trial comparing adju-
vant radiation and observation conducted by the 
German Cancer Study Group included only 
postprostatectomy patients with pT3 disease, 

3D Plan IMRT Plan

Figure 8-6. Comparison of 3D-CRT and IMRT for postprostatectomy radiation to the prostate bed. Dose 
levels are represented by different colored lines (isodose lines), with the higher dose lines closer to the target. The area 
within the red line is the area receiving 100% of the prescribed dose. The postprostatectomy bed is contoured in green in 
this plan. Note how less of the bladder (in yellow) and the rectum (in purple) are encompassed within the red line in the 
IMRT plan. 3D-CRT, three-dimensional conformal radiation therapy; IMRT, intensity-modulated radiation therapy.
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regardless of margin status. As with the EORTC 
and the SWOG studies, patients in this study 
who were treated with adjuvant radiation have 
already shown a superior biochemical failure-
free survival with median follow-up of only 3.3 
years.67

These studies make it clear that biochemical 
failure-free survival and locoregional failure-free 
survival are improved in selected patients who 
receive adjuvant radiotherapy after prostatec-
tomy. However, it remains unclear whether 
overall survival is improved with immediate 
radiation treatment. Some of the patients in the 
observation arms of these studies who had bio-
chemical failure ultimately underwent salvage 
radiation, which is known to be an effective 
strategy for controlling local recurrences. There-
fore, salvage radiation may eliminate any overall 
survival difference or, perhaps, make the differ-
ence small and thus diffi cult to detect without 
a very large study. Moreover, the ability to 
detect an overall survival benefi t in a relatively 
slowly progressive disease like prostate cancer 
likely requires very long median follow-up 
times.

As previously noted, the role of adjuvant 
radiation is a major controversy in urologic 
oncology. In fact, we do not have complete 
agreement on its role even within our own insti-
tution. At the very least, however, a patient who 
has positive margins or pT3 disease after pros-
tatectomy should have a frank discussion with a 
radiation oncologist about the pros and cons of 
adjuvant radiation in his particular situation.

Salvage Radiation

Even men who had favorable pathologic fi ndings 
at the time of prostatectomy may eventually 

require radiation to the prostate bed owing to a 
recurrence of their PSA. The rate of PSA recur-
rence after radical prostatectomy has been esti-
mated to range from 20% to 53% in modern 
surgical series.68–71 These values vary as a result 
of differences in defi nitions of recurrences as 
well as differences in inclusion criteria. Study 
results that use higher PSA thresholds to defi ne 
recurrence or that consider men with only low-
risk disease are likely to show relatively low 
rates of PSA recurrence. Furthermore, modern 
surgical series appear to have superior pathologic 
and biochemical failure results when compared 
with older series.72

A large proportion of men who experience 
PSA recurrence eventually develop clinically 
evident metastatic disease if left untreated.73 
Invariably, some of these men already have sub-
clinical metastatic disease at the time biochemi-
cal recurrence is determined. It is important 
to determine which subset of patients would 
benefi t from additional local therapy in the form 
of salvage radiation. Given the data that are cur-
rently available, it appears that even in subgroups 
of men with a high likelihood of already having 
metastatic disease, a signifi cant proportion can 
be salvaged with additional local therapy.

Stephenson and associates74 explored clinical 
and pathologic features that predicted a favor-
able response to salvage radiation. In this study 
of 501 men, the following pathologic and clinical 
features were associated with inferior response 
to salvage radiation: Gleason score of 8–10, pre-
radiation PSA level higher than 2 ng/mL, PSA 
doubling time after prostatectomy of 10 months 
or less, negative surgical margins, and seminal 
vesicle invasion. However, a signifi cant percent-
age of patients with one or more of these nega-
tive prognostic features had a durable response 

Table 8-1. Randomized Adjuvant Radiation Trials

Trial Patients

Biochemical 
Progress-Free 
Survival (Adj vs 
Obs)

Clinical Failure-
Free Survival (Adj 
vs Obs)

Overall Survival 
(Adj vs Obs)

EORTC 22911 pT3 or positive 
 margins

5 years (74.0% vs 
 52.6%) (SS)

5 years (91.2% vs 
 81%) (SS)

5 years (92.3% vs 
 93.1%) (NS)

SWOG 8794 pT3 or positive 
 margins

10 years (52% vs 
 26%) (SS)

10 years (68% vs 
 49%) (SS)

10 years (74% vs 
 68%) (NS)

Germany Cancer 
 Study Group

pT3 5 years (81% vs 
 60%) (SS)

NA NA

Adj, adjuvant; NA, not available; NS, not statistically signifi cant; Obs, observation; SS, statistically signifi cant.
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to salvage radiation, particularly if the radiation 
was given prior to a PSA level of 2 ng/mL. Even 
in a group of patients with the worst combina-
tion of prognostic features, a Gleason score 
of 8–10 and a preradiation PSA of 2 ng/mL, a 
progression-free survival rate of 12% at 4 years 
was achieved after salvage treatment.

Although the Stephenson data are some of 
the most persuasive data available to guide 
salvage radiation recommendations, it is impor-
tant to emphasize that the study was retro-
spective and may suffer from selection bias. 
Prospective studies are needed to defi nitively 
determine whether patients with one or more 
poor prognostic features derive benefi t from 
salvage radiation. However, given the available 
data and considering the limited morbidity 
of this treatment, especially with IMRT, it is 
reasonable to consider salvage radiation for 
postprostatectomy patients with PSA recur-
rence regardless of prognostic factors.

Treatment Toxicities

Toxicity due to radiation treatment is typically 
divided into two categories: acute toxicity, 
which refers to signs and symptoms that resolve 
within 3 months after the end of treatment, and 
late toxicity, which refers to signs and symp-
toms whose onset or duration is at least 3 months 
after the end of treatment. Acute and late toxic-
ity refl ects biologically different processes. 
Acute toxicity is usually the result of the rela-
tively early injury to radiation-sensitive cells, 
such as cells of the mucosa, and of secondary 
acute infl ammation and edema. In contrast, late 
toxicity is the result of injury to slowly dividing 
cells, such as neurons, as well secondary chronic 
infl ammation and fi brosis.

In the setting of prostate cancer treatment, 
the most important side effects are acute and 
late genitourinary (GU), gastrointestinal (GI), 
and sexual side effects. The frequency of occur-
rence of these toxicities by treatment modality 
is summarized in the following paragraphs. 
Direct comparison of the toxicity profi les of the 
various radiation modalities is diffi cult, given 
that these treatments are not directly compared 
in prospective studies. Moreover, reports that 
describe toxicity often use different toxicity 
scoring criteria, further complicating compari-
sons. The two most commonly used toxicity 
criteria are the RTOG criteria and the National 

Cancer Institute Common Toxicity Criteria for 
Adverse Events (CTCAE).75,76 These criteria are 
extensive and are not reproduced here. For pur-
poses of the discussion that follows, the follow-
ing general defi nitions apply for both toxicity 
grading systems: grade 1 refers to a mild adverse 
event, grade 2 refers to a moderate adverse 
event, grade 3 refers to a severe adverse event, 
grade 4 refers to a life-threatening or disabling 
adverse event, and grade 5 refers to death as a 
result of an adverse event.

Toxicity of Radiation Therapy Alone

The use of IMRT has allowed radiation oncolo-
gists to treat localized prostate cancer to higher 
total doses without an increase in acute or late 
toxicity.77 A recent review of our own institu-
tion’s IMRT experience found that severe acute 
GI and GU toxicities are rare.78 Of the fi rst 100 
men treated with IMRT at Johns Hopkins, 
none experienced diarrhea requiring parenteral 
support or rectal bleeding requiring the use of a 
pad (acute grade 3 or higher GI toxicity). Only 
3% of men experienced hematuria or urinary 
frequency of at least every hour (acute grade 3 
GU toxicity) with no cases of grade 4–5 acute 
GU toxicity.

Late toxicity results for patients treated by 
IMRT alone have recently been published by 
Zelefsky and associates.79 Less than 1% of men 
experienced rectal bleeding requiring active 
intervention such as laser cauterization proce-
dure or blood transfusion (late grade 3 GI toxic-
ity). Only 3% of men developed urethral stricture 
requiring dilation (late grade 3 urethral toxicity). 
Forty-nine percent of men who reported useful 
erections before treatment experienced erectile 
dysfunction after treatment.79

Toxicity of Brachytherapy Alone

In addition to the acute effects of radiation, 
acute toxicity secondary to brachytherapy is also 
due to postimplant bleeding and edema of the 
prostate. Thus, the acute GU toxicity of brachy-
therapy alone may be worse than EBRT alone. 
Brachytherapy may also be associated with higher 
rates of late urethral stricture. However, brachy-
therapy appears to be superior with respect to 
late GI effects and erectile dysfunction. RTOG 
9805 prospectively evaluated the toxicity of I-
125 brachytherapy alone.80 This study found 
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that 3% of men experienced acute bleeding 
requiring a transfusion and 4% experienced acute 
GU symptoms requiring invasive intervention. 
With respect to late toxicity, only 2% of men 
reported late grade 3 bladder toxicity, which is 
typically manifested as frequent hematuria, with 
no reports of worse bladder toxicity. There were 
no cases of rectal bleeding requiring cauteriza-
tion (late grade 3) or worse bowel toxicity. The 
rate of urethral stricture was not specifi cally 
reported in RTOG 9805; however, a single-
institution series from Zelefsky and associates40 
reported a 5-year urethral stricture risk of 10% 
after I-125 brachytherapy. The rate of moderate 
to severe impotence after brachytherapy was 
reported as 10% in RTOG 9805. This is signifi -
cantly lower than the rate of impotence seen in 
the series from Zelefsky and associates,40 which 
was 29% at 5 years, and it was also lower than 
many other single-institutional reports. Although 
it is clear that brachytherapy with I-125 was well 
tolerated, brachytherapy with Pd-103 may have 
a superior acute toxicity profi le given the shorter 
half-life of Pd-103.81

Evidence suggests that long-term toxicities 
related to brachytherapy may wane to pretreat-
ment levels several years from the end of treat-
ment. In a prospective evaluation of quality 
of life after brachytherapy alone, Caffo and 
colleagues82 found that urinary function sig-
nifi cantly worsened after brachytherapy but 
returned to pretreatment levels after 3 years. 
Rectal and sexual functions returned to pre-
treatment levels sooner and were not signifi -
cantly different 1 year after treatment.

Toxicity of Combined Brachytherapy and 
External-Beam Radiation Therapy

In the acute setting, adding supplemental EBRT 
to brachytherapy does not appear to increase 
GU or GI toxicity. The acute toxicity of com-
bined brachytherapy and external-beam radia-
tion is mainly a function of the brachytherapy 
component of the treatment.83 The late effects 
of combined treatment appear to be similar to 
that with IMRT alone, although these treat-
ments have not been prospectively compared.

RTOG P-0019 evaluated the acute and late 
effects of combined brachytherapy and conven-
tional EBRT in a prospective multi-institutional 
setting.84 In this study, patients were initially 
treated with EBRT to 45 Gy followed by I-125 

brachytherapy boost. There were no acute grade 
3 or higher rectal toxicities, and 8% of men expe-
rienced acute grade 3 GU toxicity. With respect 
to late toxicity, 2% had severe urinary frequency 
(grade 3), and less than 1% of men experienced 
grade 3 GI toxicity or urinary incontinence 
requiring intervention. Of men who reported no 
erectile dysfunction at baseline, 45% experi-
enced grade 2 or greater erectile dysfunction 18 
months after the initiation of radiation therapy.

Toxicity of Whole Pelvic Radiation

The purpose of whole pelvic radiation is to treat 
lymph node chains that drain the prostate, pri-
marily the internal and external lymph node 
chains. To treat these lymph nodes, a greater 
proportion of a patient’s rectum and bladder 
necessarily receive signifi cant doses of radiation, 
particularly if conventional radiation techniques 
are used. As a consequence, whole pelvic radia-
tion has higher rates of acute and late toxicity 
compared with more limited treatment of the 
prostate and seminal vesicles.

Patients receiving whole pelvic radiation in 
RTOG 9413 experienced a 3.9% rate of acute 
grade 3 or higher GU toxicity (usually hematu-
ria) and a 2.6% rate of acute grade 3 GI toxic-
ity.85 Late grade 3 GU toxicity was seen in 3.0% 
of men, and late grade 3 GI toxicity was seen in 
4.3% of men. It is important to note that these 
patients were treated with conventional fi elds, 
not IMRT. At our institution, we now perform 
whole pelvic radiation using IMRT to cover at-
risk lymph nodes and to spare the rectum and 
bladder. This technique may result in a better 
toxicity profi le than that reported in RTOG 
9413.

Toxicity of Androgen Suppression

Patients with intermediate- and high-risk pros-
tate cancer are treated with neoadjuvant and 
concurrent androgen suppression. Patients with 
high-risk disease continue with androgen sup-
pression for 2 years after completion of radia-
tion treatments. Though an important aspect of 
defi nitive management of these patients, andro-
gen suppression is associated with a host of 
acute and long-term side effects. The earliest 
side effects of androgen suppression are 
decreased libido and hot fl ashes, which are 
experienced by the majority of men.86 Side 
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effects that occur after prolonged administra-
tion of androgen deprivation include osteoporo-
sis, muscle wasting, changes in fat distribution, 
anemia, mood disturbance, and cognitive 
dysfunction.87–89 A more detailed discussion of 
the systemic effects of androgen suppression is 
beyond the scope of this book. The interested 
reader is directed to an excellent review of these 
toxicities by MK Brawer.90

Toxicity of Adjuvant or Salvage Radiation

The morbidity of adjuvant or salvage radiation 
can be diffi cult to discern, given that patients 
often experience similar side effects from 
surgery. Nonetheless, we can use data from 
SWOG 8794 to summarize patients’ experi-
ences after both prostatectomy and radiation. 
With respect to urinary symptoms, patients who 
received surgery and adjuvant radiation had an 
18% rate of urinary stricture and a 7% rate of 
urinary incontinence. Proctitis was relatively 
rare at 3%, but erectile dysfunction was common, 
with 88% of men having some dysfunction 5 
years after the end of adjuvant radiation. It is 
important to note that SWOG 8794 used doses 
of radiation of 60 to 64 Gy, which are lower than 
what are currently prescribed in the adjuvant or 
salvage setting (66 to 70 Gy).63 This study did 
not use IMRT, which may decrease the rate of 
late effects, especially proctitis, by improving 
conformality of dose around the prostate fossa. 
The long-term toxicity outcomes of adjuvant and 
salvage IMRT have not yet been reported.

PSA Follow-up after Radiation 
Treatment for Localized Disease

The National Comprehensive Cancer Network 
(NCCN) consensus panel recommends that 
after defi nitive radiation treatment for localized 
prostate cancer, men should have an annual 
digital rectal exam as well as a PSA drawn every 
6 months for 5 years, then annually thereafter.91 
At our institution, we recommend that patients 
proceed to annual PSA checks after 2 years of 
follow-up, since clinically important changes in 
PSA generally occur over long periods of time.

Unlike radical prostatectomy, we do not 
expect a man’s PSA to immediately drop to 
undetectable levels after radiation to the pros-
tate. In men treated without hormone therapy, 
the median time to the lowest post-treatment 

PSA, referred to as PSA nadir, is 32 months.92 
Most patients achieve a nadir of less than 
1.0 ng/mL.93

After the PSA nadir is reached, some patients 
experience a small rise in PSA followed by a 
subsequent decline. This phenomenon is called 
PSA bounce and has been observed in anywhere 
from 17% to 61% of patients treated with 
various forms of radiation, with the highest rates 
seen in patients treated with brachytherapy 
alone and conventional EBRT with concomitant 
hormone therapy. Benign PSA bounces can 
occur many months from treatment with the 
median time to bounce 1.5 to 2.6 years after 
treatment, depending on the treatment 
modality.94–96

PSA kinetics after radiation treatment provide 
important prognostic information. Both a lower 
post-treatment nadir and a longer time to post-
treatment nadir have been shown to be corre-
lated with better metastasis-free survival.97 In 
addition, shorter post-treatment PSA doubling 
time has been correlated with increased risk of 
death from prostate cancer.98

If a patient’s PSA rises to a level that is greater 
than 2 ng/mL over the nadir, then he is consid-
ered to have experienced a “biochemical 
failure.”99 Biochemical failure is weakly predic-
tive of subsequent clinical recurrence, and many 
men with biochemical failure die of other 
causes.100 In a study evaluating the effect of 
biochemical recurrence after EBRT, Kwan and 
associates101 found that biochemical recurrence 
was only associated with worsened overall sur-
vival among the subset of patients under age 75 
with high-risk cancers. For these reasons, the 
optimal timing of androgen deprivation follow-
ing PSA failure remains controversial.102

Other Treatment Modalities

High-Dose Rate Brachytherapy

Conformal high-dose rate brachytherapy (HDR) 
is an alternative means of allowing for dose 
escalation to the prostate while avoiding the 
additional toxicity that would be incurred by a 
biologically equivalent dose delivered via EBRT 
alone. With this approach, the brachytherapy is 
delivered in 1 to 3 fractions, separated by 4 to 
6 hours, either before, following, or interdigi-
tated with the course of EBRT. Catheters are 
placed into the prostate under intraoperative 
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transrectal ultrasound guidance. The catheters 
are then attached to an afterloading unit, which 
sequentially feeds a high activity (iridium-192) 
source into predetermined positions within the 
catheters. The dwell times within each position 
can be adjusted, thus allowing for development 
of a treatment plan that optimally conforms to 
the target volume. The ability to optimize cath-
eter and dwell positions before source deploy-
ment is an advantage compared with that 
of low-dose rate permanent brachytherapy, 
in which sources cannot be adjusted once 
placed.

The rationale behind HDR in the treatment 
of prostate cancer relates to the relative sensi-
tivities of prostate cancer and normal tissues to 
larger doses of radiation. Recent analyses of 
clinical and laboratory data suggest that prostate 
cancer cells are more sensitive to larger doses 
per fraction than are normal tissues, thus theo-
retically enhancing the therapeutic ratio.103,104

Physicians have started treating prostate 
cancer using modern HDR brachytherapy only 
over the past decade, but the preliminary results 
with technique are encouraging. Deger and col-
leagues105 analyzed 411 patients with locally 
advanced disease treated with HDR and 3D-
CRT. Most patients received between 45 and 
50.4 Gy via EBRT following two doses of 9 to 
10 Gy apiece. The 5-year biochemical progres-
sion-free survival rate was 81% for low-risk 
patients, 65% for intermediate-risk, and 59% for 
high-risk patients.

Investigators at William Beaumont Hospital 
have described their experience in a dose escala-
tion trial of HDR with EBRT in 207 patients 
with poor prognostic factors of PSA higher than 
10 ng/mL, Gleason above 7, or clinical stage 
higher than T2b. At a mean follow-up of 4.7 
years, the 5-year actuarial biochemical control 
rate was 74%. The 5-year biochemical control 
rate was 85% for one poor prognostic factor, 
75% for two, and 50% for all three. Lower HDR 
dose and higher Gleason score were associated 
with biochemical failure.106

Protons and Neutrons

Particle beams such as those with protons and 
neutrons have physical advantages over photon 
or x-ray beams in that they interact more densely 
with the tissue in the beam path. This results in 
greater levels of ionization along the length of 

the beam and therefore increased radiobiologic 
effect (RBE). This could theoretically translate 
into better tumor control.

Proton therapy is not widely available; 
however, its unique properties of dose distribu-
tion have provoked interest in its treatment of 
prostate cancer. Most of the energy in a proton 
beam is deposited at the end of its linear track, 
resulting in what is known as a Bragg peak. 
Beyond the Bragg peak, the dose falls rapidly to 
zero. This rapid dose fall-off allows for delivery 
of high doses of radiation to the target volume 
with minimal dose to normal surrounding 
tissues.

Loma Linda University and the Massachu-
setts General Hospital have been using proton 
therapy to treat prostate cancer patients for over 
a decade with good results with respect to cancer 
control and toxicity.107,108 Other institutions are 
in the process of establishing proton therapy 
programs for prostate cancer.

Neutron-beam therapy for prostate cancer 
remains investigational in nature at this point. 
The Neutron Therapy Collaborative Working 
Group conducted a multi-institutional trial in 
which 178 men were randomly assigned to con-
ventional radiation therapy with photons to a 
dose of 70 to 70.2 Gy or 20.4 nGy of neutron 
therapy. At 5 years, neutron therapy was associ-
ated with superior local control and biochemical 
control, but overall survival was not improved 
and severe late toxicities were increased.109 An 
RTOG study evaluated the use of mixed photon 
and neutron therapy in 91 patients. The use of 
neutrons resulted in a superior local control rate 
and overall survival at 10 years compared with 
conventional EBRT.110 More recent reports from 
Wayne State University cite excellent control 
rates in patients treated with neutrons alone or 
in combination with photons, mostly in patients 
with lower pretreatment PSAs. They also report 
that a mixture of neutrons and photons of 
approximately 50% seems to offer the best ther-
apeutic ratio in terms of morbidity and effi cacy. 
Again, increased long-term side effects with neu-
trons given in this setting were identifi ed.111

Summary

Radiation is the most commonly used treatment 
modality for prostate cancer. Radiation can be 
delivered externally, most commonly using 
IMRT, or via brachytherapy at either a low-dose 
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rate or high-dose rate. Radiation plays an impor-
tant role in the initial management of both early-
stage disease and in locally advanced disease, 
when given in combination with androgen abla-
tion therapy. Furthermore, patients who experi-
ence PSA failure following prostatectomy can 
effectively be salvaged with EBRT, and adjuvant 
treatment with EBRT has proved effective in 
patients with high-risk pathologic features. With 
the tremendous innovations in treatment deliv-
ery over the last decade or so, prostate radiation 
techniques now provide excellent control rates 
with relatively low morbidity.
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High-Intensity Focused 
Ultrasound for Prostate Cancer

Stefan Thüroff and Christian Chaussy

● The basic principle of transrectal high-intensity focused 
ultrasound (HIFU) is the precise destruction of pros-
tatic tissue in one session by depositing large amounts 
of energy into it. The two principal mechanisms of 
action are based on mechanical and thermal effects. The 
thermal effect of HIFU is associated with the absorp-
tion of ultrasound energy into the tissue, which is con-
verted into heat. Mechanically, damage to cells is due 
to acoustic cavitation. Both lead to a reduction in pros-
tate volume to 5 mL.

● The use of HIFU in organ-confi ned prostate cancer 
was fi rst examined in 1993 and two commercially 
available devices for HIFU are currently in use: the 
Ablatherm and the Sonablate. The main differences 
between the two systems are patient positioning, treat-
ment and planning, ultrasound frequencies, shoot and 
delay time, intraprostatic treatment mode, and rectal 
wall control.

● HIFU is generally indicated for patients with localized 
prostate cancer (stage T1-T2N0M0 Gleason score 
[GS] 1–3) who are not candidates for surgery because 
of their age, general health status or a prohibiting 
comorbidity, or who would prefer not to undergo a 
radical prostatectomy.

● The indication for HIFU has been expanded based on 
clinical experience to include partial therapy in unilat-
eral low-volume, low-GS tumors (T1-2aNx/0M0, 
GS1–2, prostate-specifi c antigen [PSA] less than 20 ng/
mL); salvage therapy in recurrent prostate cancer after 
radical prostatectomy, radiation therapy, or hormone 
ablation (all T Nx/0M0, all GS/PSA); and advanced 
prostate cancer as a debulking process (T3-4Nx/0M0, 
all GS/PSA).

● Unlike other local treatment options for prostate 
cancer, such as surgery, radiation therapy, cryotherapy, 
and brachytherapy, HIFU treatment can be repeated 
easily in cases of local recurrence and can be used as a 
salvage therapy.

● In current practice, a pre-HIFU transurethral resection 
of the prostate (TURP) allows for the removal of any 

calcifi cations, abscesses, middle lobe, and large adeno-
mas because it optimizes the prostate shape for HIFU 
application. The generation of a cavity and its subse-
quent compression by the rectal balloon increase the 
accessibility of the HIFU.

● A number of studies have reported the outcome with 
HIFU, including single-center and multicenter Euro-
pean studies.

● Promising 5-year outcome of HIFU for localized pros-
tate cancer in a procedure not involving prior TURP has 
been reported, with a 93.4% negative biopsy rate in 137 
patients studied.

● Data from one study combining TURP with HIFU in 
30 patients with localized prostate cancer with a median 
follow-up of 20 months report a 83.3% negative biopsy 
rate at 1 year and an overall negative biopsy rate of 
86.6% in patients undergoing one or two HIFU 
sessions.

● HIFU can be considered a treatment option in patients 
with high-risk prostate cancer, although long-term 
studies are still needed. In one study involving 30 
patients with locally advanced and advanced disease at 
6 months follow-up, positive biopsies were reported in 
23% of patients. At 1 year, only three (10%) patients 
had a PSA level higher than 0.3 ng/mL and less than 
1.0 ng/mL.

● As salvage treatment, HIFU treatment results in a good 
outcome in locally recurrent prostate cancer after 
external-beam radiation therapy. A 30-month actuarial 
negative biopsy rate of 73% has been reported in one 
study involving 71 patients.

● Patients treated with HIFU as a primary local therapy 
combined with TURP generally have low morbidity. 
Grade 1 (4%–6%) or grade 2 (0%–2%) urinary stress 
incontinence and secondary intravesical obstruction 
(5%–10%) are the most commonly reported adverse 
events. Urinary tract infections are common (5%–13%), 
but the incidence has been shown to be signifi cantly 
reduced in patients undergoing the combined TURP/
HIFU procedure compared with HIFU alone.

K E Y  P O I N T S
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Introduction

The fi rst medical application of ultrasonic waves 
was made by Fry and coworkers1 in the 1950s 
and related to the extracorporeal treatment of 
neurologic disorders such as Parkinson disease. 
High-intensity focused ultrasound (HIFU) for 
focal tissue destruction was established in 1955.2 
Through the use of a set of ultrasound transduc-
ers focused on the target area, small biological 
lesions located deep inside the cerebral cortex 
could be produced. The technique was originally 
developed as a means of achieving selective 
destruction of brain tissue but was not put into 
routine use because it required a large cranial 
bone fl ap. Other limitations were a lack of an 
imaging device with adequate performance and 
accuracy. The use of HIFU in the treatment of 
cancer in both human and animal models was 
examined by Burov3 in 1956. Irradiation of 
experimental tumors using HIFU followed in 
the late 1970s and early 1980s,4,5 and in 1986, 
Lizzi and coworkers6 applied HIFU in the treat-
ment of specifi c ocular cancers and glaucoma. 
The fi rst clinical trials using HIFU in the treat-
ment of benign prostatic hyperplasia (BPH) 
began in 19937,8 and at the same time treatment 
of organ-confi ned prostate cancer was being 
carried out by Gelet and coworkers.9 It should 
be noted that HIFU can be delivered as a pulsed 

or a continuous beam. Continuous-beam pro-
cesses include solar waves, microwaves, and 
radar technology, whereas medical HIFU and 
extracorporeal shock wave lithotripsy (ESWL) 
involve pulsed HIFU.

Mechanism of Action

The basic principle of transrectal HIFU is the 
precise destruction of prostatic tissue in one 
session by depositing large amounts of energy 
into it. Ultrasound waves, generated by the 
high-frequency vibration (0.5–10 MHz) of a 
piezoelectric or piezoceramic transducer, are 
focused into a small discrete region (the focal 
point) by concave or parabolic arrangement (Fig. 
9-1). Coupling and cooling are performed by 
degassed colored liquid as interface between the 
source and the patient’s rectal wall. Owing to 
the similar physical properties of water and 
tissue, as well as the broad fl at coupling surface, 
ultrasound waves penetrate with minimal 
absorption or refl ection. As the converging ultra-
sound approaches the focal point, the power 
density increases. The two principal mechanisms 
of action of HIFU are based on thermal effects 
and mechanical effects.

The thermal effect of HIFU is associated 
with the absorption of ultrasound energy into 
the tissue, which is converted into heat. Tem-
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Figure 9-1. Physical principles of HIFU. Ablatherm treatment.
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perature elevation in the tissues depends on the 
absorption coeffi cient of the tissue as well as the 
size, shape, and thermal response. Counterpro-
ductive are tissue movement and increased 
bloodfl ow in the heated region. The biological 
changes that are induced by heating depend on 
the temperature reached and the duration of the 
exposure (the thermal dose). Above a certain 
threshold, thermal dose induces irreversible 
tissue damage in the form of coagulative necro-
sis. Below the threshold, thermal dose effects 
depend on the sensitivity of the tissue to heat. 
A steep temperature gradient exists between 
the tissue being focused on and the neighboring 
tissue, as can be seen in the sharp temperature 
gradient between the necrotic lesion and the 
normal cells in histologic samples.

From the mechanical perspective, bubbles 
form inside the cells caused by the negative 
pressure of the ultrasound wave, and they 
increase in size to the point at which resonance 
is achieved. When the bubbles suddenly col-
lapse, high pressure of 20,000 to 30,000 bars 
develops and damages nearby cells. This acous-
tic cavitation is complex and must be controlled 
in its extension. The two activities together lead 
to a reduction in prostate volume to 5 mL.

Commercially Available Devices

Two commercially available devices for HIFU 
(Fig. 9-2) are currently in use: the Sonablate 

(Focus Surgery, Inc., Indianapolis, Indiana) and 
the Ablatherm (EDAP SA, Lyon, France). Both 
devices allow transrectal ultrasound-guided 
imaging with treatment, using a probe (Fig. 9-3) 
encased within a degassed fl uid-fi lled coupling 
balloon that cools the rectum. The main differ-
ences between the two systems are patient posi-
tioning (see Fig. 9-5), treatment and planning 
ultrasound frequencies, shoot and delay time, 
intraprostatic treatment mode, and rectal wall 
control.

Ablatherm has a treatment module that 
includes the patient’s bed, the probe positioning 
system, the ultrasound power generator, and the 
cooling system for preservation of the rectal wall 
(see Fig. 9-2). There is also a treatment and 
imaging endorectal probe that incorporates both 
a by-plane imaging probe working at 7.5 MHz 
and a treatment transducer focused at a 
maximum of 45 mm and working at 3 MHz. 
Hence, one size probe fi ts all prostate sizes and 
indications (see Fig. 9-3). A variable focusing 
and rectum distance length of the transducer 
are shown in Figure 9-4. Real-time rectal wall 
control is present; automatic applicator adjust-
ment toward the rectal wall and multiple secu-
rity circuits exclude accidental focusing on the 
rectal wall, thus avoiding rectal injury. In 2005, 
modifi cations were made to the Ablatherm 
device to incorporate integrated imaging. The 
advantages of the latest Ablatherm (Integrated 
Imaging) and the earlier model (Maxis) are 

A B

Figure 9-2. Transrectal HIFU devices. A, Sonablate. B, Ablatherm.



Chapter 9 High-Intensity Focused Ultrasound for Prostate Cancer180

shown in Table 9-1. Full details of the Ablath-
erm procedure are described later in this 
chapter.

Sonablate, unlike the Ablatherm machine, 
does not have a dedicated bed (see Fig. 9-2). 
Treatment is performed with the patient in the 
TURP position under general anesthesia (Fig. 
9-5). Several treatment probes are available, 
and these are selected according to the size of 
the elementary lesion that is to be generated 
by the operator. Unlike the Ablatherm device, 
the Sonablate does not have the dual-frequency 
probe and operates usually at 4 MHz during the 

treatment phase and as well at 4 MHz for visu-
alization of the gland. Instead, treatment param-
eters have to be changed with each parabolic 
applicator for each treatment layer. For a 25-
mm or 45-mm focal length probe, the lesion 
achieved is 10 mm in length by 2 mm diameter, 
whereas for a split beam performing with a 30-, 
35-, or 40-mm focal length probe, the lesion is 
10 mm by 3 mm.10 In addition, the probe is 
chosen according to the prostate size, with 
larger glands requiring longer focal lengths. 
Treatment is usually conducted in three con-
secutive coronal layers (see Figs. 9-4 and 9-6) 
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Figure 9-3. Transrectal HIFU applicators.

Figure 9-4. Treatment principles of different transrectal HIFU devices.
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Sonablate Ablatherm

Figure 9-5. Treatment positions for patients in different HIFU devices.

Sonablate Ablatherm

Figure 9-6. Treatment screens of transrectal HIFU devices.

Table 9-1. Features of Different Generations of the Ablatherm High-Intensity Focused Ultrasound Device

Maxis Integrated Imaging

Electromechanical applicator with inserted 7-MHz 
 alternating TRUS
No real-time control
High TRUS resolution with a standard diagnostic 
 ultrasound unit
Manual therapy planning
Real-time TRUS control
Electronic picture and data storage
Learning curve: 30 treatments

Electronic applicator with integrated 7.5-MHz real-time TRUS
Excellent TRUS resolution by a new diagnostic ultrasound unit
Fast and highly precise planning by computerized scanning 
 procedure
Virtual prostate reconstruction
Real-time TRUS control
Electronic picture and data storage
Ablaview ‘blackbox’
Treatment time reduced by 25%
Learning curve: 10 treatments (new users); 5 treatments 
 (Ablatherm users)

TRUS, transrectal ultrasound.
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starting from the anterior prostate and moving 
in a progressive manner from the apex to the 
base. Since one probe integrates two different 
twistable parabolic piezoapplicators, there is 
usually at least one change of probe during the 
process. No real-time rectal wall distance 
control is present with the Sonablate system, 
leaving it to the operator to perform manually 
guided rectal wall–orientated HIFU treatment 
in the peripheral zone, which is the mostly 
likely location for a prostate tumor. Sonablate 
claims restricted indication range for only T1-2 
prostate cancer and no use in salvage or pallia-
tive HIFU.

Indications and Contraindications

In general, HIFU is indicated for patients with 
localized prostate cancer (T1-T2N0M0 Gleason 
score [GS] 1–3) who are not candidates for 
surgery because of age, general health status, or 
a prohibiting comorbidity or who prefer not to 
undergo a radical prostatectomy. However, the 
indications have been expanded based on clini-
cal experience to include partial therapy in uni-
lateral low-volume, low-GS tumors (T1-2a 
Nx/0M0, prostate-specifi c antigen [PSA] less 
than 20 ng/mL); salvage therapy in recurrent 
prostate cancer after radical prostatectomy, 
radiation therapy, or hormone ablation (all 
TNx/0M0, all GS/PSA); and advanced prostate 
cancer as an additional neoadjuvant debulking 
process (T3-4Nx/0M0, all GS/PSA). Of note, 
other nonsurgical treatment options for local-
ized prostate cancer, such as cryotherapy or 
brachytherapy, cannot generally be repeated in 
cases of local recurrence. In comparison, HIFU 
treatment not only can be repeated but also can 
be used as a salvage therapy.

Contraindications for the use of Sonablate in 
prostate cancer patients include a gland size 
larger than 40 mL due to the focal length of 
HIFU. For Ablatherm, larger glands can be 
downsized through transrectal resection of the 
prostate (TURP) and/or hormonal therapy with 
a luteinizing hormone-releasing hormone 
(LHRH) agonist. Contraindications for both 
devices are a history of rectal fi stula since there 
may be incomplete healing of the fi stula, as well 
as a reduced vascular blood supply to the 
damaged tissues, making them more prone to 
injury than normal tissue. Obviously, patients 
with signifi cant rectal stenosis or rectal amputa-

tion are not candidates for HIFU because the 
probe cannot be placed in the rectum.

HIFU Procedure: Ablatherm TURP

The use of TURP prior to HIFU allows for the 
removal of any refl ecting/deviating calcifi ca-
tions, abscesses, intravesical middle lobes, and 
large (greater than 40 mL) adenomas. The gen-
eration of a cavity and its subsequent compres-
sion by the rectal balloon increase the accessibility 
of the HIFU waves to the remaining gland. 
TURP should be performed completely in the 
ventral region but leaving in place a large area of 
the gland at the bladder neck. This reduces the 
risk of bladder neck stenosis caused by prostate 
gland shrinkage during HIFU. The rectal balloon 
that covers the HIFU probe is then able to 
squeeze the gland, to stretch and fl atten the 
rectal wall, and to fi x it into position.

TURP before HIFU has been used as a stan-
dard procedure for most users since 2000. For 
most (85%) prostates sized, TURP is carried out 
at the same time as is HIFU. Only for those 
sized greater than 40 mL (15%) is TURP con-
ducted 1 month before HIFU. In salvage HIFU, 
TURP use is minimal or only a bladder neck 
incision is performed. In salvage therapy after 
radical surgery, HIFU is performed without any 
additional endoscopic intervention.

Treatment Parameters

Treatment parameters important for effective 
tissue coagulation include the power setting 
(watts), the piezoelectric frequency (MHz), shot 
duration as well as delay between shots, and 
number of shots per prostate volume (dose). The 
delay between shots is necessary to prevent over-
whelming accumulation of cavitation bubbles in 
adjacent lesions. The length and diameter of the 
lesion in the prostate to be generated need to be 
considered in treatment planning, as well as the 
possibility of adapting the technology to differ-
ent tissue types (untreated, preirradiated, or 
HIFU pretreated). In this regard, three types of 
software are used involving the application of 
different levels of energy. Table 9-2 lists the dif-
ferences between the two Ablatherm devices and 
shows the settings used for the Maxis system 
(pre-2005) and the Integrated imaging system 
(post-2005) and shows that power and shot dura-
tion are lower for patients post-radiation than in 
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primary HIFU treatment or HIFU retreatment. 
The rationale is that irradiated prostate tissue has 
a higher uptake of HIFU energy,11 and so a lower 
level is equally effi cient and reduces the risk of 
rectal wall injury to almost zero.

Safety Issues

The safety of Ablatherm was increased with the 
introduction in 2005 of real-time imaging, made 
possible through a new electronic probe. Less 
local movement has also been achieved through 
fi xation of this new probe (see Fig. 9-5), allow-
ing greater accuracy in the delivery of HIFU. 
Precise control of energy delivery is very impor-
tant from the safety and effi cacy perspective, 
and this is optimized through the use of the 
Ablapak transducer fl uid. Ablatherm also has 
inbuilt controls that stop the treatment when 
the probe is too close or far from the rectal wall. 
This control compares the three-dimensional 
position of the applicator to the treatment plan 
and allows the device to “fi re” with a ±1-mm 
accuracy. In addition, an external motion sensor 
is in place to detect any patient movement and 
consequently stop the procedure. The probe 
itself is held off the rectal wall with a fl uid-fi lled 
(Ablasonic) balloon. Ablasonic is a blue anticavi-
tation coupling and cooling fl uid that prevents 
cavitation bubbles within the cooling circuit and 
in front of the applicator. This fl uid is cooled to 
limit the heat damage to the rectal wall tissues 
by creating a temperature gradient between the 
rectal mucosa and the prostatic capsule.

Application

Treatment commences with the administration 
of an enema to cleanse the rectum; prophylactic 
antibiotics are given and a urethral catheter put 

into place. Spinal anesthesia with an analgesic 
sedation is the preferred method for the proce-
dure. The patient is placed in a lateral position 
and external warming applied to counteract the 
cooling of the rectum. The transducer is covered 
with a balloon, which is inserted into the rectum 
and then fi lled with 150 mL degassed transmit-
ter fl uid (Ablasonic). A roller pump causes the 
liquid to circulate slowly through the balloon 
into a cooling unit and back to the rectum at a 
temperature of 15˚C. The prostate is scanned 
automatically by a 7.5-MHz transrectal ultra-
sound wave from the base to the apex. A dynamic 
moveable transrectal ultrasound (TRUS) simula-
tion is created, which allows precise virtual treat-
ment planning, prostate volume calculation, and 
defi nition of apex and base to be performed (see 
Fig. 9-6). Apex defi nition is one of the most 
important aspects of treatment planning, involv-
ing a balance between preservation of continence 
and effective treatment. Vertical and lateral 
borders of the HIFU lesion to be generated are 
defi ned at this time. Based on these parameters, 
generated in just 5 minutes, treatment planning 
can then be carried out.

Treatment Planning

The TRUS image of the prostate in a longitudi-
nal or transverse view is monitored on the com-
puter screen. Depending on the results of the 
TRUS-guided biopsies on the localization and 
volume of the prostate tumor, a complete treat-
ment (in 95% of cases) is performed in one 
session. Ablatherm treatment typically starts 
5 mm cranially from the apex, moving toward 
the bladder, treating fi rst the left lobe and then 
the right lobe of the prostate.

The actual plan of how the HIFU will be 
delivered is then generated by the computer 

Table 9-2. Power Settings for High-Intensity Focused Ultrasound (HIFU) with Ablatherm 
According to Prostate Tissue Treated

MHz Power (%)
Shot Duration 

(sec)
Delay Duration 

(sec)

M ii M ii M ii M ii

Standard 3.0 100 100 5 6 5 4
HIFU retreatment 3.0 100 100 4.5 5 5 4
Radiation failure 3.0  90  95 4 5 7 5

M, Maxis; ii, Integrated imaging.
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software. The treatment planning divides the 
prostate into 1.6-mm transverse sections, which 
are subdivided into single lesions (see Fig. 9-3). 
The position of slices and lesions is defi ned by 
the operator on the control screen and adapted 
individually; slice by slice, up to 800 lesions may 
be defi ned depending on the size of the prostate. 
Subsections of the prostate (approximately 25% 
each) are targeted at any one time to integrate 
the ongoing tissue edema into the consecutive 
planning process.

Active Treatment

Treatment is carried out by a single operator—
making the process highly cost-effi cient—who 
follows the treatment plan and goes through all 
the predefi ned regions. For accuracy of the 
thermal effect, an absolutely stable position of 
the patient must be maintained. The treatment 
time is usually 95 (30–150) minutes, and the 
actual treatment carried out is recorded and can 
be reviewed after the procedure. Postopera-
tively, there is minimum pain for the patient, 
making analgesic medication unnecessary. HIFU 
perioperative morbidity is low: no signifi cant 
bleeding, no blood transfusion, no intensive care, 
and no thrombosis or pulmonary embolism. 
Antibiotic prophylaxis is usually continued until 
catheter removal, which usually occurs at 5 (3–
10) days postoperatively.

New Treatment Strategies

For optimal effi cacy, the entire prostate is nor-
mally treated during the HIFU procedure, but 
in the case of a unilateral tumor and when 
potency is an important issue for the patient, the 
contralateral lobe/capsule and neurovascular 
bundle might be excluded. This is considered 
only in small-volume, low-GS unilateral cancers. 
Patients are advised of the risk of tumor recur-
rence in the untreated area, and selection of 
patients for this option requires them to have 
good compliance with follow-up.

Patient Follow-up

PSA measurement is made at 3-month intervals 
postoperatively, and TRUS-guided sextant biop-
sies are recommended at between 6 and 12 
months after HIFU to identify microscopic 
residual tumor volumes that may require retreat-

ment with HIFU. In this early stage, these 
microscopic residues would not necessarily be 
identifi ed through the rising PSA level. The 
patient is judged as being in complete remission 
if the biopsy is negative and the PSA level is low 
and the PSA velocity remains stable below 
0.2 ng/mL/year. If the PSA level increases to 
pathologic levels, then repeat biopsy is per-
formed; depending on the results, the patient is 
retreated with a second local therapy. If HIFU 
was used for palliative treatment in local debulk-
ing of systemic disease, then retreatment for 
residual microscopic tumor appears not to be 
indicated.

Effi cacy

A number of studies have reported the outcome 
of HIFU using Ablatherm, including single-
center and multicenter European studies. Most 
of the studies have focused on localized prostate 
cancer, but there are also reports on the use of 
HIFU as salvage therapy after external-beam 
radiation therapy (EBRT). Reviewed in this 
section are the key studies with the Ablatherm 
device reported in the literature.

Localized Disease

Chaussy and Colleagues12 (1999)

Reported are 3-year data on 184 patients treated 
with HIFU between 1996 and 1999. Of the 
patient group, 90 were treated in the period of 
the learning curve (April 1996 to October 1997) 
at a frequency of 2.25 MHz and a power of 50 
watts. The remaining patients received 3.0-MHz 
frequency and the same power. Other differ-
ences between the two treatment groups were 
an increased rectum-capsule distance from 3 mm 
to 6 mm and the treatment started at 5 mm 
from the anatomic apex. Additional security fea-
tures in the later patient group included rectal 
cooling. Patients included in the study had 
biopsy-proven localized prostate cancer (T1-2 
NxM0), a mean age of 72 years, a mean prostate 
volume of 26 mL, and a mean serum PSA level 
at the time of treatment of 2.2 ng/mL due to 
previous hormonal ablation by LHRH agonist in 
48% of patients. Mean serum level in patients 
not pre-treated with hormonal therapy was 
12.0 ng/mL. GS was 2–4 in 9.5% of patients, 
5–7 in 80%, and 8–10 in 10.5%. Mean follow-up 
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was 193 days, with all patients receiving at least 
one biopsy post-HIFU. Results showed that 97% 
of patients reached a PSA nadir of less than 
4 ng/mL, and 61% had a nadir of less than 0.5 ng/
mL. Of the biopsies taken, 80% were cancer 
free. There was a distinction in patients treated 
during the learning curve in that there was a 30% 
and 23% incidence of residual cancer in the sub-
capsular and central zones, respectively, com-
pared with incidences of 1% and 17% in the later 
treatment group. Mean prostate size was reduced 
by 50%. This study confi rmed the local effi cacy 
of HIFU in terms of ablation of prostate cancer 
tissue and consequently low PSA nadir.

Gelet and Associates13 (2000)

This study reports outcome in 82 consecutive 
patients treated from 1996 with a 3.0-MHz fre-
quency, a 5-second treatment pulse, and a 5.0-
second shot interval. Patients included in the 
study had stage T1/T2 cancer, any GS, and a 
pretreatment PSA level less than 20 ng/mL. 
Mean (SD) age was 71 (5.7) years; mean (SD) 
PSA and prostate volume at baseline were 8.11 
(4.64) ng/mL and 34.9 (17.4) mL, respectively. 
Neoadjuvant hormonal therapy was used in 
seven patients, and four patients had local recur-
rence after defi nitive EBRT. On average, 1.8 
sessions of HIFU were applied per patient: 34 
patients had one session; 32 patients had two 
sessions; 9 patients had three sessions; 6 patients 
had four sessions; and 1 patient had six sessions. 
Mean postoperative catheterization time was 
8.5 days. Progression was defi ned as any positive 
biopsy result, regardless of PSA level, or three 
consecutive rises in PSA in patients with a nega-
tive biopsy. During the 3-month period after 
HIFU, negative biopsies were reported in 64 
(78%) patients and positive biopsies in 18 (22%). 
Overall, mean (SD) PSA nadir and prostate 
volume post-HIFU were 1.02 (1.54) ng/mL and 
20.9 (13.1) mL, respectively. Mean follow-up 
was 17.6 months (range 3–68 months). Mag-
netic resonance imaging (MRI) indicated that in 
large prostates (larger than 40 mL) the anterior 
region of the base was not reached by the ultra-
sound beam. However, no association with PSA 
nadir was shown in such patients. Kaplan-Meier 
estimates of disease-free survival (DFS) at 60 
months was 62%. Kaplan-Meier statistical analy-
sis of outcome predictors of DFS was conducted 
and revealed that pretreatment PSA (P < .001) 

and GS (P = .034) were signifi cantly predictive 
of DFS rate, whereas prostate volume and 
number of positive biopsies were not.

Thüroff and Coworkers14 (2003)

This European multicenter study reported the 
short-tem results of HIFU in 402 patients with 
T1-2 N0-xM0 prostate cancer treated from 
1995 to 1999 at six centers. Baseline patient 
characteristics included the following mean 
(SD) values: age 69.3 (7.1) years; prostate 
volume 28.0 (12.7) mL; PSA 10.9 (8.7) ng/mL, 
and GS 6.0 (1.3). Patients were also classifi ed 
according to the risk groups shown in Table 9-3; 
28.4%, 48.0%, and 23.6% of patients were clas-
sifi ed as low, intermediate, and high risk, respec-
tively. During the course of the study, several 
device prototypes were used, and there was a 
progressive increase in frequency from 2.25 to 
3 MHz and in shot duration, from 4 to 5 seconds. 
Four major treatment protocols (TP) were iden-
tifi ed: TP1, frequency 2.25 MHz, shot duration 
4.5 seconds, and no cooling system; TP2, fre-
quency less than 3 MH, shot duration 4.5 
seconds; TP3, frequency 3 MHz, shot duration 
4.5 seconds; and TP4, frequency of 3 MHz, shot 
duration 5 seconds.

From 1995 to 1998, patients were treated in 
two sessions (one session/lobe); thereafter a 
single session was used. A total of 62.4% of 
patients were treated with a single session and 
27.9% with two sessions. Of the 288 patients 
assessable for sextant biopsy results, a negative 
biopsy rate of 87.2% was reported (Table 9-4). 

Table 9-3. Risk Group Classifi cations for Patients 
Treated in the European Multicentre Study on High-

Intensity Focused Ultrasound (Ablatherm)

Risk Group Stage PSA (ng/mL)
Gleason 
Score

Low* 
 (n = 114)

T1–2a ≤10 ≤6

Intermediate† 
 (n = 193)

T2b >10 ≤ 20 7

High† 
 (n = 95)

T2c >20 ≥8

*All three parameters required.
†One parameter only required.
PSA, prostate-specifi c antigen.
Data from Chaussy C, Thüroff S: The status of high-intensity focused 
ultrasound in the treatment of localized prostate cancer and the impact 
of a combined resection. Curr Urol Rep 4:248–252, 2003.
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Signifi cant differences were observed in nega-
tive biopsy rate when patients were stratifi ed 
according to TP used, but the authors point out 
that there could be an inherent bias in this 
because of the time effect, the differences in 
technical protocols during the course of the 
study, and the fi rst patients’ having a longer time 
period in which to reveal a recurrent or residual 
tumor. No signifi cant differences in negative 
biopsy rates were observed with regard to pros-
tate volume, anteroposterior diameter, risk 
group, or partial or complete treatment of the 
prostate gland.

Results of PSA nadir for patients with at least 
6-months’ follow-up (n = 212) are shown in 
Table 9-4. Nadir was generally achieved within 
3 to 4 months of treatment (mean 163.5 days) 
A statistically signifi cant difference was observed 
for PSA nadir with regard to baseline prostate 
volume of 40 mL and more than 40 mL (P = 
.0001), for complete versus partial treatment of 
the prostate (P = .016) and for TP (P = .0001). 

The results from this study demonstrate the 
short-term good local control of prostate cancer 
achieved with HIFU, despite a high proportion 
of high-risk patients being treated.

Blana and Coworkers15 (2004)

Five-year outcome from HIFU conducted 
between 1997 and 2002 in 146 patients with 
biopsy proven T1-2N0M0 cancer have been 
published. Mean (SD) age, PSA level, GS, and 
prostate volume were: 66.9 (6.7) years, 7.6 
(3.4) ng/mL, 5 (1.2), and 23 (7.7) mL, respec-
tively. A total of 63 patients had received 
neoadjuvant hormonal therapy. The 3.0-MHz 
frequency was used for HIFU treatment, and 
the majority of patients received a 5-second 
treatment pulse. Up to 1000 lesions 1.7 mm in 
diameter were treated with HIFU during each 
treatment according to the size of the gland. On 
average, 1.17 sessions of HIFU were applied per 
patient: 123 patients had one session, 21 patients 
had 2 sessions, and 2 patients had 3 sessions. The 
mean (SD) treated volume was 33.6 (16.3) mL, 
which when compared with the mean volume of 
prostates treated meant that 146% of the volume 
was treated by overlapping the treatment areas. 
Mean postoperative catheterization time was 
12.7 days. A randomized control sextant biopsy 
was performed at 3, 12, and 24 months or when 
there was evidence of biochemical failure; PSA 
was recorded at 3-month intervals. Mean follow-
up was 22.5 months (range 4–62). Nine patients 
were lost to follow-up, seven of whom had no 
control biopsy data.

The median PSA nadir achieved at 3 months 
was 0.07 ng/mL (range 0–5.67 ng/mL); the level 
after 22 months follow-up was 0.15 ng/mL 
(range 0–12.11 ng/mL). Of the 137 patients, 
93.4% had constant negative control biopsies. 
This study confi rms the promising 5-year 
outcome of HIFU for localized prostate cancer 
in a procedure not involving prior TURP. Of 
note, TURP or bladder neck incision was 
required for infravesical obstruction post-HIFU 
in 16 (11.7%) patients.

Poissonnier and Coworkers16 (2007)

Data on 227 consecutive patients treated 
between 1994 and 2003 are present in the pub-
lication from the Lyon group in France. A total 
of 51 patients were treated before 2000 and 176 

Table 9-4. Biopsy and Prostate-Specifi c Antigen 
(PSA) Nadir Outcome in the European Multicentre 

Study on High-Intensity Focused Ultrasound 
(Ablatherm)

Negative 
Biopsy (%)

Mean PSA 
Nadir (ng/mL)

Overall 87.2 1.8
Prostate volume (mL)
 ≤40 88.4 1.5*
 >40 85.0 2.9
AP diameter (mm)
 ≤25 85.4 1.4
 >25 88.1 1.3
Risk
 Low 92.1 1.3
 Intermediate 86.4 1.4
 High 82.1 3.1
Treatment
 Partial 87.2 1.8†

 Complete 91.7 1.4
Protocol
 TP1 44.4‡ 5.1§

 TP2 82.1 3.3
 TP3 91.2 1.3
 TP4 94.8 0.9

*P = 0.0001.
†P = 0.016.
‡P < 0.0001.
§P = 0.0001 for PSA nadir.
AP, anteroposterior.
Data from Chaussy C, Thüroff S: The status of high-intensity focused 
ultrasound in the treatment of localized prostate cancer and the impact 
of a combined resection. Curr Urol Rep 4:248–252, 2003.
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since 2000. The later group also underwent a 
TURP at the time of the HIFU procedure. The 
HIFU devices used during the study as well as 
the number of treatment sessions are shown in 
Table 9-5. The mean number of HIFU sessions 
conducted per patient was 1.4; 10 patients 
received three sessions or more. On average, 
581 shots of HIFU were delivered per patient, 
and compared with the mean prostate, the mean 
volume of the gland treated during the fi rst 
HIFU session was 111% and 156% after the 
second session, indicating overlapping treatment 
areas. Catheterization was stopped at a mean of 
7 days post-HIFU; duration was considerably 
lower in patients who had undergone TURP 
compared with those receiving HIFU alone—5 
versus 12 days. Of the patient cohort, 76 had 
received neoadjuvant hormone therapy (mean 
duration 4.7 months), primarily for size reduc-
tion in prostates larger than 40 mL. Assessment 
criteria involved PSA nadir, negative biopsy rate 
and DFS rate, which was defi ned as any positive 
biopsy or a PSA greater than 1 ng/mL with three 
consecutive rises.

Mean (SD) follow-up was 27.5 (20) months. 
Negative control biopsies were recorded in 86% 
of patients, and median PSA nadir was 0.10 ng/
mL. Actuarial DFS rate at 5 years was 66% 
based on the combination of pathology and bio-
chemical outcome. Actuarial DFS rates accord-
ing to initial PSA level, GS, clinical stage, 
neoadjuvant hormone therapy, and HIFU device 
used are shown in Table 9-6. The only signifi cant 
variable identifi ed was pretreatment PSA level 
(P = .008).

HIFU with TURP

The combined procedure of TURP and HIFU 
in patients with localized prostate cancer has 

been reported in two publications, which are 
reviewed below.

Chaussy and Thüroff17 (2003)

Outcomes following the combined procedure of 
TURP and HIFU were reported in 175 patients 
and compared with outcomes in 96 patients pre-
viously treated with HIFU alone. Initial PSA 
level at diagnosis was 15 ng/mL, and patients 
with any GS were included. Mean (SD) pros-
tate volume in the HIFU group was 21.7 
(6.8) mL and in the combined group 20.5 
(9.8) mL. Mean (SD) ages in the HIFU and 
combined groups were 65.8 (7.6) and 68.4 

Table 9-5. Evolution of the High-Intensity Focus Ultrasound (HIFU) Devices Used During the Study Period 
1991–2003

Time Period Device
Transducer 

Frequency (MHz) Shot Duration (sec) No. of HIFU Sessions

1993–1995 Prototype no 1 2.5 4 2
1996–1998 Prototype no 2 3 4.5 2
1998–1999 Prototype no 3 3 5 1
2000–2003 Ablatherm Maxis 3 5 1

Data from Vallancien G, Prapotnich D, Cathelineau X, et al: Transrectal focused ultrasound combined with transurethral resection of the prostate for 
the treatment of localized prostate cancer: feasibility study. J Urol 171:2265–2267, 2004.

Table 9-6. Disease-Free Survival (DFS) 
Rates According to Pretreatment Parameters in 
Patients Treated with High-Intensity Focused 

Ultrasound (Ablatherm)

Parameter DFS (%) P Value

PSA (ng/mL)
 0–4 (n = 50) 90 .008
 4.1–10 (n = 132) 57
 10.1–15 (n = 45) 61
Gleason score
 2–6 (n = 152) 66 .944
 7 (n = 75) 67
Clinical stage
 T1 (n = 122) 66 .519
 T2 (n = 105) 67
Neoadjuvant hormonal therapy
 Yes (n = 76) 59 .839
 No (n = 151) 67
TURP
 Yes (n = 175) 70 .119
 No (n = 52) 58

Data from Vallancien G, Prapotnich D, Cathelineau X, et al: Transrectal 
focused ultrasound combined with transurethral resection of the 
prostate for the treatment of localized prostate cancer: feasibility study. 
J Urol 171:2265–2267, 2004.
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(9.6) years, respectively. All HIFU treatments 
involved a 3-MHz frequency and a 5-second 
shot duration. PSA was measured at 3-month 
intervals and considered to be stable according 
to the 1997 ASTRO defi nition.18 Control biop-
sies were performed at 6 and 12 months and in 
patients with a rising PSA level.

Mean (SD) follow-up was 18.7 (12.1) months 
in the HIFU group and 10.9 (6.2) in the com-
bined group. The mean resected weight during 
TURP was 15.7 g. The mean (SD) PSA nadirs in 
the HIFU and combined groups were 0.48 
(1.10) ng/mL and 0.26 (0.90) ng/mL (NS). PSA 
stability at last follow-up was 84.2% and 80% in 
the HIFU and combined groups, respectively 
(NS). Biopsy results after the fi rst HIFU session 
and at the last follow-up are shown in Table 9-7. 
The outcome results showed no signifi cant dif-
ferences between the two groups, but this should 
be treated with caution owing to the short follow-
up in the combined-treatment group and the 
lower retreatment rates in the combined-therapy 
group. This lower retreatment rate is suggestive 
of the benefi ts of TURP prior to HIFU in that it 
allows removal of calcifi cations of the transi-
tional zone that would prevent HIFU treatment. 
In addition, it assists the treatment of enlarged 
prostates and allows the complete treatment of 
the peripheral zone in a single HIFU session. 
However, a longer follow-up is needed to confi rm 
the decreased retreatment rate.

Vallancien and Colleagues19 (2004)

The outcome following the combined treatment 
of HIFU and TURP or bladder neck incision has 

been reported in 30 patients treated between 
1999 and 2001. All patients were treated under 
general anesthesia fi rst with TURP (n = 22) or 
bladder neck incision in those with prostate 
smaller than 30 mL (n = 8), and then HIFU at 
a frequency of 3 MHz and a shot duration of 
5 seconds. Patients received a single HIFU 
session. PSA was measured at 3, 6, 12, 18, and 
24 months and yearly thereafter, whereas 
biopsy was carried out at 1 year after treatment 
and in the case of rising PSA. Mean patient 
characteristics were as follows: age 72 (range 
61–79) years; prostate volume 30 (range 11–
45) mL; PSA 7 (range 1–10) ng/mL; and GS 6 
(range 4–7).

Median follow-up was 20 (range 3–38) 
months. At 1 year, 22 (73.3%) patients had a 
negative biopsy and a mean PSA of 0.9 ng/mL 
(range 0–2.6 ng/mL). Five (16.7%) patients 
had a positive biopsy at 1 year and received a 
repeat HIFU session; negative biopsies were 
subsequently recorded in four patients 6 months 
later when the mean PSA was 0.4 ng/mL (range 
0.1–0.9 ng/mL). This gave an overall negative 
biopsy and PSA control rate following one or 
two HIFU sessions as 86.6%, which is compa-
rable to the results reported by Chaussy and 
Thüroff.17

High-Risk Patients

Ficarra and Associates20 (2006)

The effi cacy of HIFU has been comprehensively 
reported in a number of studies as evidenced 
above, but studies are now being extended 
to patients with locally advanced or advanced 
prostate cancer as in the report by Ficarra and 
associates. This series involved 30 patients 
treated with HIFU in association with an 
LHRH agonist; TURP was conducted simulta-
neously. Median patient age was 73.5 (inter-
quartile range 69.75–77.0) years. Median PSA 
was 18 (range 9–35) ng/mL, and clinical stage 
assessed at DRE was T2b and T3 in 9 and 21 
patients, respectively. GS was 7 (n = 5), 8 (n = 
10), 9 (n = 11), or 10 (n = 4). Median prostate 
volume was 35 (29.4–43.4) mL, and the median 
weight of resected tissue following TURP was 
15 (10–20) g. The most current frequency set-
tings of 3 MHz and shot duration of 5 seconds 
were used and 100% of the prostate was treated 
in all cases. The treatment strategy involved 

Table 9-7. Biopsy Results After the First High-
Intensity Focused Ultrasound (HIFU) Session and at 

the Last Follow-Up (Including Retreatments) in 
Patients Treated with HIFU or Transurethral 
Resection of the Prostate (TURP) Plus HIFU

HIFU TURP + HIFU

Negative biopsy rate after fi rst
 HIFU

66.3% 70.6%

Retreatment rate  25% 4%
Negative biopsy rate after last 
 follow-up

87.7% 81.6%

All treatments involved the ablatherm device.
Data from Ficarra V, Antoniolli SZ, Novara G, et al: Short-term outcome 
after high-intensity focused ultrasound in the treatment of patients with 
high-risk prostate cancer. BJU Int 98:1193–1198, 2006.
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dividing the prostate into six areas: apex/medium 
regions and medium/basal regions of the left and 
right lobes and the prostatic urethra. The lateral 
limits of the treatment were widened for these 
high-risk patients to include one or two HIFU 
lesions for each area beyond the prostatic 
capsule. Nerve-sparing procedures were not 
used in view of the risk status of the patients 
and their age. PSA was measured at 3, 6, 9, 
and 12 months after HIFU, and disease recur-
rence was defi ned as a PSA level greater than 
0.3 ng/mL; sextant biopsies were conducted 
at 6 months.

After this period, median prostate volume 
was 4.1 (1.3–6.6) mL, and positive biopsies 
were reported in seven (23%) patients. In four 
of these patients, cancer was present in one 
core, and in the remaining three patients it was 
present in two cores. At 1 year, only three (10%) 
patients had a PSA level of more than 0.3 ng/mL 
and less than 1.0 ng/mL, and each of them had 
two positive cores at the 6-month biopsy. These 
fi ndings suggest that HIFU is a feasible treat-
ment option in patients with high-risk prostate 
cancer and that further studies with a longer 
follow-up should be conducted.

Salvage Therapy

Gelet and Colleagues11 (2004)

HIFU treatment can be used as salvage therapy 
after other local therapies, and Gelet and 
coworkers have reported good outcome in locally 
recurrent prostate cancer after EBRT. The study 
involved 71 patients treated with HIFU between 
1995 and 2003 following local recurrence after 
radiation. Initial cancer stage at diagnosis was T1 
(n = 15), T2 (n = 28), T3 (n = 15) and unknown 
in 13 patients. The pre-EBRT GS was 2 to 6 in 
32 patients, seven in 17 patients, 8 to 10 in 7 
patients and unknown in 15 patients. The mean 
PSA level at diagnosis was 20.4 ng/mL (range 
3.5–60.0), and after EBRT, the mean PSA nadir 
was 1.46 ng/mL (range 0–4.3). The mean time 
of recurrence after EBRT was 38.5 months 
(range 6–120). Antiandrogen therapy was given 
to 22 (30%) patients prior to HIFU salvage 
therapy.

Confi rmation of cancer recurrence was dem-
onstrated by biopsy in all patients. Mean PSA 
prior to HIFU was 7.7 ng/mL (range 0.5–
54) ng/mL, and the mean (SD) prostate volume 

was 21.4 (11.1) mL. GS was recorded as 2–6 
(n = 24), 7 (n = 13) and 8–10 (n = 34). The 
mean number of HIFU sessions applied per 
patient was 1.2, and post-HIFU, the mean 
(SD) prostate volume decreased to 14.4 
(10.9) mL. The mean follow-up was 14.8 
months (range 6–86) and at last follow-up, 57 
(80%) of patients had a negative biopsy, which 
corresponded to a 30-month actuarial negative 
biopsy rate of 73%. Mean (SD) PSA nadir was 
1.97 (4.58) ng/mL, and a PSA nadir within 3 
months of 0.5 ng/mL or less was achieved by 
43 (61%) patients. This is in view of the fact 
that before HIFU salvage therapy, 66.2% of 
patients had poorly or moderately differenti-
ated prostate tumors (GS = 7). Of the 71 
patients undergoing HIFU, 40 patients required 
additional therapy with hormone ablation (n = 
35) or hormone ablation plus chemotherapy (n 
= 5) due to a rising PSA or residual cancer foci. 
Actuarial disease free rate, based on biopsy and 
PSA response, at 30 months was 38%. These 
fi ndings indicate that HIFU is a potential treat-
ment option with the possibility of cure in 
prostate cancer patients with local recurrence 
following EBRT.

Safety

Patients treated with HIFU as a primary local 
therapy combined with TURP generally have 
low morbidity. Grade 1 (4%–6%) or grade 2 
(0%–2%) urinary stress incontinence and sec-
ondary infravesical obstruction (5%–10%) are 
the most commonly reported adverse events. 
Urinary tract infections (UTIs) are common 
(5%–13%) but the incidence has been shown to 
be signifi cantly reduced in patients undergoing 
the combined TURP/HIFU procedure com-
pared with HIFU alone: 11.4% versus 47.9% (P 
< .001).17 Rare events include grade III inconti-
nence and recto-urethral fi stula (0.7%). A study 
of HIFU dose and its relationship to side effects 
as well as outcome was conducted in two Euro-
pean centers: Lyon and Munich.21 Thirty patients 
with similar baseline characteristics were treated 
with two different treatment regimens; at Lyon 
a less aggressive strategy involving nonover-
lapping prostate treatment areas was used 
compared with 30 patients treated with an over-
lapping strategy and more aggressive treatment 
at Munich. Results showed that the higher 
energy dose per treatment resulted in a higher 
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cancer-free rate and lower PSA nadir level. 
However, this had to be balanced against a 
longer duration of urinary retention due to the 
presence of increased necrotic debris if adjuvant 
TURP was not performed.

Urinary Retention

Studies have been conducted examining the 
benefi ts of TURP immediately prior to HIFU as 
a means of reducing the risk of HIFU-related 
prolonged urinary retention. Prolonged reten-
tion can result from the elimination of necrotic 
debris in contrast to immediate retention, which 
occurs following edema induced by tissue coagu-
lation. The study by Chaussy and Thüroff17 
described previously compared HIFU with 
simultaneous TURP and HIFU in 271 patients. 
After HIFU alone, the mean (SD) and median 
suprapubic catheter times were 45.1 (31.4) and 
40 days, respectively. This compares with values 
of 13.7 (16.6) and 7.0 days, respectively, in 
the combined-therapy group. Vallancien and 
coworkers19 reported a transurethral catheter 
time of 2 days in patients treated with TURP 
followed immediately by HIFU. Mean post-
treatment International Prostate Symptom 
Score (IPSS) was 6.7 post-treatment compared 
with 7.5 before treatment.

Stress Incontinence

Stress incontinence can result from treatment 
of apical tissue, but the condition is usually tran-
sient. In the HIFU European Multicentre study, 
which was an early patient series, Grade 3 stress 
incontinence was reported in six patients. Reso-
lution of the condition was achieved through 
implantation of an artifi cial urinary sphincter in 
four patients and pelvic fl oor training or collagen 
injection in one patient each. To minimize these 
side effects the fi rst apical lesions are put at 
5 mm cranially from the anatomic apex. This 
treatment strategy has led to a reduction in inci-
dence of mild stress incontinence from around 
25% to 3.9%.22 Another study involving 227 
patients has reported similar fi ndings with a rate 
of 27% during the treatment period 1993 to 
1999 (n = 51) and 9% during 2000 to 2003 (n 
= 176).16 Reduced rates of incontinence have 
been recorded with the use of the combined 
TURP/HIFU treatment in addition to greater 
improvements in the IPSS (Table 9-8).17

Rectourethral Fistula

Rectourethral fi stulas are extremely rare, occur-
ring in less than 0.1% of T1-2 cases. In radiation 
failures, since the adoption of new software the 
fi stula rate has decreased from 2.0% to 0.1%.11 
Patients experiencing such a complication are 
usually treated with prolonged catheterization 
or fi brin glue, but stoma diversion of urine and 
feces may be necessary, for example in salvage 
radiation therapy cases. More recently, the inci-
dence of rectourethral fi stula has been reduced 
to almost zero as a result of specifi c software, 
rectal safety margins, and the introduction of 
rectal cooling. The rate has also been reduced 
by observing contraindications for treatment, for 
example, patients with a rectal-wall thickness of 
over 6 mm due to local infection and those with 
abnormal rectal anatomy (e.g., after rectal 
surgery). This reduction is exemplifi ed in one 
study that reported an incidence of rectoure-
thral fi stula of 3.5% prior to 1997 compared 
with 0.5% after this time when safety features 
were introduced.22

Erectile Dysfunction

Erectile dysfunction (ED), as with other treat-
ments for localized prostate cancer, is common 
with rates of 55% to 66%. A nerve-sparing pro-
tocol can be instituted for men with positive 
biopsy results on one side of the prostate. This 
involves leaving a 5-mm lateral margin on the 
contralateral side. Poissonier and coworkers16 
report potency rates in 67 patients treated with 

Table 9-8. Urinary Complications Following 
Treatment with High-Intensity Ultrasound (HIFU) or 

a HIFU/Transurethral Resection of the Prostate 
(TURP) Combination

HIFU HIFU + TURP P Value

Incontinence
 Grade 1 9.1% 4.6% <.05*
 Grade 2 6.3% 2.3%
 Grade 3 0% 0%
IPSS (mean
 [SD])
 Before 6.47 (6.92) 6.69 (7.29) <.05
 After 8.91 (10.89) 3.37 (3.21)

All treatments involved the ablatherm device.
*For grades 1 and 2 comparisons.
Data from Ficarra V, Antoniolli SZ, Novara G, et al: Short-term outcome 
after high-intensity focused ultrasound in the treatment of patients with 
high-risk prostate cancer. BJU Int 98:1193–1198, 2006.
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HIFU, 26 of whom received a nerve-sparing 
procedure and 41 who did not. ED was observed 
in 6 (31%) patients who had the nerve-sparing 
procedure compared with 16 (39%) patients in 
whom the nerves were not spared. This conser-
vative approach has to be balanced against a 
higher retreatment rate.22,30–32

Future Directions

MRI is the gold-standard technique for assessing 
the effi cacy of HIFU treatment. The extent of 
necrosis can be clearly visualized on gadolinium-
enhanced T1-weighted images, as hyposignal 
zones.23 MRI has also been used to guide HIFU 
treatments, since it is possible to monitor the 
temperature changes within tissues with MRI 
during HIFU.23,24 Magnetic resonance elastogra-
phy (MRE) has also been proposed as a method 
for assessing the effects of thermal tissue abla-
tion by measuring the mechanical properties of 
the lesion.25 HIFU-induced lesions are visible 
using standard ultrasound as hyperechoic 
regions,26 but the extent of lesions is not always 
accurate. Other ultrasound-based techniques 
have been proposed to assess the extent of 
HIFU-induced lesions, such as MRE,27 the use 
of contrast-enhanced power Doppler,28 or dif-
ferent techniques for characterizing the acoustic 
properties of tissues.29

Conclusions

HIFU is a highly effective standard treatment 
with a large indication range over all tumor 
stages. In localized prostate cancer treatment, 
HIFU is associated with high-effi cacy, low-oper-
ative morbidity and no systemic side effects. As 
a palliative therapy, an effective local tumor 
reduction decreases local morbidity and even 
kills cells insensitive to hormone therapy or 
radiation therapy. Unlike certain other localized 
therapies, HIFU is effective in salvage therapy 
and can result in acceptable side effects. The use 
of HIFU does not preclude other therapeutic 
options, such as hormonal therapy. and unlike 
such therapies, HIFU does not provoke a nega-
tive cell selection.
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Prostate Cryoablation: 
Successful Therapy for Clinically 
Localized Prostate Cancer

Daniel B. Rukstalis and 
Mary Ann Kenneson

K E Y  P O I N T S
● Prostate cryoablation represents an effective image-

guided percutaneous treatment for clinically local-
ized prostate cancer.

● Metal cryoprobes were fi rst developed in the 1960s 
for delivering liquid nitrogen and have evolved to 
1.4 mm needles that carry argon gas as the cryogen.

● Modern prostate cryoablation was developed with 
the application of transrectal ultrasound guidance in 
the 1980s.

● Tissue temperatures below −40˚C cause cell death 
through vascular injury, stimulation of apoptosis, and 
creation of intracellular ice crystals.

● Salvage prostate cryoablation for persistent prostate 
cancer following radiation therapy eradicates the 
cancer in 86% to 95% of cases.

● Primary prostatic cryoablation is associated with a 
positive postprocedure biopsy rate of 1% to 5% with 
a low risk of incontinence.

● Primary prostatic cryoablation is the least costly 
treatment alternative for clinically localized prostate 
cancer.

● The technique of prostate cryoablation provides 
fl exibility in treatment planning that allows for a 
whole gland or subtotal gland destruction.

● A signifi cant minority of men diagnosed with local-
ized prostate cancer harbor small-volume and 
unilateral cancers that can be destroyed with an 
individualized subtotal cryoablation, further reducing 
treatment intensity and cost.

toes of people exposed to cold temperatures. 
Physicians have also attempted to harness these 
destructive effects for treatment of surface 
lesions of the skin and cervix. Technologic 
advances in the 1960s enabled physicians to 
deliver lethal cold temperatures to deeper ana-
tomic structures such as the retina, brain, kidney, 
and prostate. Metal needles called cryoprobes 
(demonstrated in Fig. 10-1) were cooled to tem-
peratures below −150˚C with liquid nitrogen 
and positioned into structures such as the pros-
tate using transurethral or open exposure.1,2 
Clinical reports demonstrated the effi cacy of 
these approaches but also emphasized the chal-
lenges of limiting the tissue damage to the tar-
geted organ or tissue site.

In particular, open prostate cryoablation was 
attempted for the treatment of both benign and 
malignant prostatic diseases with acceptable 
effi cacy.3,4 Furthermore, both animal models 
and clinical experience in men with prostate 
cancer suggested an advantageous immunologic 
effect of the cryoprostatectomy.5,6 However, 
clinical trials also demonstrated persistence of 
cancer on follow-up biopsy and associated injury 
to the nearby bladder and rectum. In addition, 
concomitant injury of the urethra resulted in 
bladder outlet obstruction from sloughing of 
necrotic tissue and the development of fi brotic 
strictures. Therefore, further innovation was 
required to improve the placement of the cryo-
probes, improve the control of the iceball created 
within the prostate, and avoid injury to adjacent 
structures.

The remainder of this chapter details the 
process of innovation in prostatic cryosurgery, 
examines the basic and translational science 
behind this technique, and reviews the clinical 

Introduction

Adventurers and physicians alike have long 
understood the lethal effects of cold tempera-
tures on human tissues. The deleterious results 
of frostbite were obvious to early explorers and 
during military campaigns. In particular, the 
cycle of freezing followed by thawing and reper-
fusion produced visible injury to the fi ngers and 
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reports that have established prostate cryoabla-
tion as an effective treatment alternative for 
clinically localized prostatic adenocarcinoma.

History of Cryosurgical Innovation

Physicians became interested in cryoablation of 
the prostate before robots, biomedical engineer-
ing programs, and quality-of-life instruments. 
However, the principles of engineering and out-
comes research lie at the center of the series 
of innovations that together have resulted in 
modern cryosurgery. Once a metal probe that 
could be cooled by liquid nitrogen became avail-
able in the 1960s, Soanes and coworkers7 
inserted the blunt-ended probe transurethrally 
into the prostatic adenoma to treat bladder 
outlet obstruction. The size of the iceball was 
monitored by digital examination. The subse-
quent need for improved patient safety resulted 
in the procedural modifi cation of open place-
ment of the cryoprobes through a perineal inci-
sion that could protect the rectum. Although 
apparently effi cacious, the unattractive outcome 
of urethral sloughing and further obstruction 
inhibited further innovation for cryosurgery in 
the treatment of benign prostatic hyperplasia.

Treatment for prostatic cancer, on the other 
hand, provided an opportunity for technical 

application of cryoablation in an attempt to 
reduce therapy-related adverse events. Flocks 
and coworkers used a fl at cryoprobe that was 
placed against the prostate through a perineal 
incision designed to avoid both urethral and 
sphincteric injury.8 This experience reinforced 
the tissue destructive effects of cold tempera-
tures and demonstrated the requirement for 
more precise methods of application. Subse-
quently, Megalli and coworkers9 reported in 
1974 on the percutaneous placement of a 6.3-
mm cryoprobe into the prostate through a small 
skin incision. Digital examination was used to 
guide the freezing process while the cryoprobes 
were repositioned to ensure complete destruc-
tion of the prostate. Again, this approach dem-
onstrated effective tissue destruction but was 
associated with unacceptable rates of urethral 
and rectal injury.

Prostate cryoablation remained only a poten-
tial therapeutic option until the development 
and application of transrectal ultrasound (TRUS) 
in the late 1980s. TRUS provided a minimally 
invasive mechanism for guiding the percutane-
ous placement of the cooling probes while 
identifying the extent of the freezing process. 
Onik and coworkers10 fi rst described the ultra-
sound characteristics of the advancing ice front 
as a hyperechoic rim. Subsequently, this same 
group demonstrated the appearance of the 
frozen prostate again as a hyperechoic rim with 
posterior shadowing.11 Furthermore, TRUS also 
proved useful for the real-time monitoring of 
the percutaneous placement of the echogenic 
cryoprobes into the prostate. This advance in 
imaging established the platform for what has 
become modern cryoablation of the prostate.

Although improvements in ultrasound imaging 
provided the opportunity for improved probe 
placement and the ability to monitor the ana-
tomic location of the ice front, challenges 
remained with the actual process of freezing the 
prostate. The percutaneous technique appeared 
highly effective in animal models.12 However, 
the challenges became clear once men were 
treated with the new TRUS-guided percutane-
ous prostate cryoablation procedure in 1990.13 
Translational research experiments had estab-
lished the requirement for cold temperatures to 
reach below −20˚C to reliably eradicate pros-
tatic cancer cells.14 Therefore, initial cryoabla-
tion systems were designed to achieve those 
temperatures as rapidly as possible. These early 

Figure 10-1. A metal cryoprobe inserted into soft tissue 
is depicted with a surrounding iceball. (Courtesy of 
Endocare, Inc.)



Chapter 10 Prostate Cryoablation 195

units were based on the application of liquid 
nitrogen as the cryogen with the ability to inde-
pendently power fi ve individual cryoprobes. The 
iceball created by the vacuum insulated cryo-
probes reached −209˚C at the center with an 
elongated ellipsoid shape that engulfed the pros-
tate and a margin of surrounding tissue.13 Pre-
liminary clinical series confi rmed the effi cacy 
of the procedure but also identifi ed signifi cant 
associated toxicities of urethral sloughing, 
urinary obstruction and rectal injury resulting 
in rectourethral fi stula. The associated adverse 
events were due primarily to the inherent limi-
tations of controlling the delivery of liquid nitro-
gen. Despite the ability of TRUS to visualize the 
advancing ice front and the ability of thermo-
couples to measure the temperature of the 
tissue at critical points, the iceball often advanced 
into nearby structures such as the rectum with 
deleterious consequences. It is important to 
note that clinical evidence of oncologic effi cacy 
from pooled patient series was suffi cient to con-
vince the Centers for Medicare and Medicaid 
Services (CMS) to approve prostate cryoabla-
tion for reimbursement.15 However, the proce-
dure was quickly relegated to the periphery 
of medical practice until further technologic 
advancements were completed.

Cryosurgical innovators and their engineering 
counterparts focused on three critical aspects of 
the prostate cryoablation procedure. Oncologic 
effi cacy required the ability to rapidly and accu-
rately shape the lethal iceball to fi t the desired 
volume of tissue to be destroyed. Furthermore, 
such destruction threatened the urethra and the 
rectum with injury and therefore limited the 
ability to effectively treat the prostate cancer. 
Although the use of liquid nitrogen as the cryo-
genic agent resulted in suffi ciently cold temper-
atures for tissue destruction, the inability to 
rapidly alter the freezing process stimulated 
innovative solutions. The solution was to develop 
argon gas–based units that took advantage of the 
Joule-Thompson effect to cool the cryoprobes. 
This effect occurs when a gas under high pres-
sure expands through a narrow orifi ce into a 
lower pressure chamber. The expanding argon 
gas rapidly cooled to approximately −186˚C at 
the probe tip, resulting in lethal cold tempera-
tures that could be switched on and off very 
easily to more safely shape the ice to fi t the 
treatment volume of tissue. In addition, the 
argon gas system can power many more probes, 

again facilitating a more accurate shape of the 
lethal ice to fi t the desired treatment plan. 
These cryoprobes were designed to facilitate 
percutaneous placement through the perineum 
under ultrasound guidance, as demonstrated in 
Figure 10-2.

Another seminal advance involved the devel-
opment of a urethral warming catheter designed 
to maintain the urethral wall at a warm tempera-
ture. Previous prostate cryoablation techniques 
resulted in injury to the urethral wall with sec-
ondary necrosis, obstruction, and stricture for-
mation. The urethral warming catheter comprises 
a pump and fl uid warmer that circulates a saline 
solution through a balloon catheter designed to 
preserve a thin layer of urethral mucosa and 
approximately 3 mm of underlying tissue.16 The 
routine application of this catheter, which is 
considered an integral aspect of modern prostate 
cryoablation, has been associated with a reduc-
tion in the incidence of both urethral sloughing 
and rectal injury.

The third important quality improvement in 
the technique of prostate cryoablation focused 
on the technique rather than technology. The 
rapid expansion of the lethal iceball toward the 
rectum with the liquid nitrogen units was associ-
ated with an unacceptably high incidence of 
rectal injury and secondary rectourethral fi stula. 
The development of argon gas–based equipment 

Figure 10-2. The position of the endorectal ultrasound 
probe with percutaneous placement of several 
cryoprobes and thermosensors. A warming catheter is 
present in the urethra. A suprapubic tube has been 
placed, as was common with the initial technique. 
(Courtesy of Endocare, Inc.)
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facilitated the use of multiple small cryoprobes 
that allowed the development of a new template 
for probe placement. The initial template with 
the liquid nitrogen machines involved the place-
ment of fi ve cryoprobes, with one of the probes 
placed anterior to the rectum beneath the 
urethra. This template often resulted in growth 
of ice into the anterior rectal wall before the 
remainder of the posterior prostatic capsule was 
completely engulfed in lethal ice. The develop-
ment of smaller cryoprobes (1.4 to 2.4 mm) 
cooled with the Joule-Thompson effect pro-
vided the opportunity for cryosurgeons to estab-
lish a new probe orientation. The modern 
orientation involves placement of six to eight 
cryoprobes with no cryoprobe placed anterior to 
the rectum. The placement of cryoprobes into 
the prostate in an array designed to cover the 
entire prostate with ice is depicted in Figure 
10-3. This approach has successfully reduced 
the incidence or rectal injury and rectourethral 
fi stula while improving the ability to completely 
ablate the prostatic tissue.17

The overall outcome of these quality improve-
ments in the equipment and technique of pros-
tatic cryoablation has been the development of 
a minimally invasive outpatient procedure for 
the management of clinically localized prostatic 
adenocarcinoma. This treatment approach is 
potentially the optimal approach for several of 
the most vexing clinical problems urologists face 
with prostate cancer. These problems include 
salvage therapy for clinically persistent prostate 
cancer within the prostate gland following 

primary radiation therapy and locally advanced 
prostate cancer that is diffi cult to manage with 
radical prostatectomy or external-beam radia-
tion therapy.18–21

Basic Science of Prostate Cryoablation

Clinical investigators have long recognized the 
sensitivity of human tissue to cold-induced 
injury. Cold ice-salt mixtures were used in the 
19th century to treat breast and cervical cancer. 
The use of metallic probes to deliver cold tem-
peratures more precisely were fi rst reported 
in the 1960s. In 1965, Cooper22 fi rst reported 
that temperatures of −20˚C for 1 minute would 
induce necrosis and cell death. Subsequently, 
both basic science and clinical physician-
scientists began an effort to understand and 
optimize the treatment of human disease with 
cold temperatures.

Cryosurgery involves the freezing and thawing 
of tissue by means of cryoprobes inserted into a 
targeted tissue area. Isotherms are created 
around each probe and extend radially until a 
normothermic temperature is reached. The 
temperatures can be as low as −190˚C at the 
cryoprobe and warm to 0˚C at the ice ball 
periphery.23 The margin of the cold zone appears 
hyperechoic on ultrasound examination provid-
ing a defi nable freeze margin. Beyond this 
margin, tissues gradually transition to a normo-
thermic temperature. As a result, cells in differ-
ent regions experience varying thermal histories. 
The cells near the probe are cooled rapidly and 
to a lower temperature than those farther from 
the probe. The mechanisms of cellular injury 
from cold temperatures are related to the 
thermal conditions experienced by the cells. 
Cellular death can result from direct cell injury 
from mechanical destruction with ice formation, 
vascular injury with ischemia due to endovascu-
lar cell death, and apoptosis resulting from cel-
lular biochemical injury.

There are two proposed mechanisms for 
direct cellular injury. The fi rst mechanism results 
from rapid cooling of cells nearest the cryoprobe 
with the formation of intracellular ice crystals. 
During rapid cooling, the water in the cell fails 
to equilibrate with the extracellular environ-
ment such that the intracellular solution becomes 
supercooled, leading to the formation of intra-
cellular ice. The ice crystals form on a nucleation 
site and result in mechanical disruption of the 

Figure 10-3. A transverse depiction of the prostate 
with an endorectal ultrasound probe in rectum and an 
array of six cryoprobes positioned in the prostate. 
The central smaller dots represent positions for thermal 
monitoring probes. (Courtesy of Endocare, Inc.)
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cell membrane.24 All living cells exposed to the 
effect of intracellular ice formation are destroyed. 
Several investigators working with both cell and 
tissue culture experiments have determined 
that the critical temperature for complete cell 
destruction is −40˚C.14,25 The region nearest the 
cryoprobe where intracellular ice develops is 
called the zone of direct cell destruction and has 
been located 10 to 17 mm from the leading edge 
of the ice ball.

The second proposed mechanism for cellular 
injury and secondary cell death involves slow 
cooling with a resultant solution effect. During 
slow cooling, which occurs farther from the 
cryoprobe near the periphery of the visible ice 
ball, ice forms preferentially in the extracellular 
space. The development of ice crystals incorpo-
rates only pure water, thereby causing an increase 
in extracellular osmolality. Water shifts from 
the intracellular compartment to the extracel-
lular space with secondary dehydration of the 
cells.24 Both the intracellular osmolality and the 
intracellular pH are altered leading to protein 
denaturation. The process appears to be cumula-
tive, time dependent, and most damaging during 
the thaw phase. These biochemical effects 
damage the cell membrane, increasing the per-
meability to ion fl ow, and weaken the cytoskel-
eton, thus leading to increased sensitivity to 
mechanical injury. Figure 10-4 demonstrates the 
cellular effects of both rapid and slow cooling.

The ability of cold temperatures to damage 
cells can also invoke other pathways that result 
in cell death and tissue necrosis. In particular, 
vascular endothelial cells are highly sensitive 
to cold-related injury. The damaged endothelial 

cells become more permeable, which leads to 
platelet aggregation and microthrombus forma-
tion.26 The specifi c temperature required to 
cause irreversible vascular injury is uncertain. 
However, experiments suggest that the tem-
perature range between −10˚C and −20˚C is 
likely to be suffi ciently cold.27,28

Finally, cold temperatures in the range of 
−5˚C to −15˚C have been shown to induce 
mitochondrial-mediated apoptosis through 
the upregulation of BCL-2-related proteins.29,30 
Tissue freezing activates apoptotic cascades 
through modulation of the opposing members of 
the BCL-2 protein family. Clarke and cowork-
ers31,32 demonstrated the synergistic effect of 
cold-induced cellular injury and pro-apoptotic 
chemotherapeutic agents in a cell culture model, 
suggesting that the addition of systemic pharma-
cologic agents may be helpful in the clinical 
applications of cryoablation.

Clinical Applications of 
Prostate Cryoablation

Salvage Cryoablation for Persistent 
Clinically Localized Prostate Cancer 
Following Radiation Therapy

The delivery of ionizing radiation to the prostate 
has long been an acceptable treatment option 
for men with prostatic adenocarcinoma. The 
potential for a curative treatment with minimal 
morbidity is attractive to many men and their 
physicians. In addition, other men with multiple 
medical comorbid conditions elect radiation 
therapy for prostate cancer in an effort to avoid 
the actual and perceived risks of radical prosta-
tectomy. Ultimately, a total of approximately 
60,000 men each year receive radiation therapy 
by one of several modalities to try to eradicate 
their putatively clinically localized disease.

Several prospective and retrospective clinical 
investigations have demonstrated that between 
11% and 71% of men managed with defi nitive 
radiation therapy harbor persistent adenocarci-
noma within the prostate gland on prostate 
biopsy after treatment with the various forms of 
prostatic radiation therapy.33–39 Salvage radical 
prostatectomy specimens further demonstrate 
that the persistent cancer is located at the site 
of the primary cancer within the prostate. This 
suggests that improved targeting of salvage 
therapy will eradicate the remaining cancer 

Slow cool

Rapid cool
Ice

+°C −°C

Figure 10-4. The development of ice in tissue as the 
temperature is reduced. Ice crystals form in the 
extracellular compartment initially. During a rapid cool 
process, intracellular ice crystals form, mechanically 
disrupting the cell membrane. During a slow cool process, 
ice continues to form extracellularly, resulting in solute 
effects on the cell. (Courtesy of Endocare, Inc.)
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volume.40 Also, clinical evidence suggests that 
locally persistent prostate cancer after radiation 
therapy is a likely cause of subsequent meta-
static disease.41 Therefore, as many as 20,000 
men will be identifi ed each year with nonmeta-
static and clinically localized prostate cancer and 
may be candidates for curative salvage therapy. 
Although the treatment options available to 
these men at this new juncture may mirror the 
options initially presented to them, the implica-
tions of the prostate cancer do not.

Persistent adenocarcinoma within the pros-
tate after defi nitive radiation therapy represents 
a more aggressive disease state compared with 
the situation before therapy. These cancers 
demonstrate a 24% increase in Gleason score of 
8–10 cancers and a 31% increase in aneuploid 
tumors when compared with pretreatment char-
acteristics.38 Salvage radical prostatectomy series 
further reveal that these cancers are often large 
in volume and associated with extracapsular 
extension with positive margins in 40% to 60% 
and with lymph node metastases in 14% to 
34%.42 Furthermore, only 30% to 62% of the 
radical prostatectomy specimens contain organ-
confi ned cancer with the majority (51%) exhib-
iting a cancer volume of greater than 5 cm3.43 
Clearly, recurrent prostatic adenocarcinoma fol-
lowing curative radiation therapy represents a 
serious health risk to these patients. Although 
some patient subgroups such as men older than 
70 years of age may manifest a lower risk of 
cancer related adverse events from recurrent 
clinically localized cancer, most men likely 
require additional salvage treatment.44

Radiation therapy of all forms damages both 
benign and malignant glandular epithelium, 
which is subsequently removed from the pros-
tate through the process of apoptosis. This 
process can be delayed and may require many 
months following the completion of therapy. 
Therefore, it is diffi cult to develop an effective 
pathway for the timely diagnosis of residual 
cancer. In particular, serum PSA levels decline 
slowly over 6 to 18 months after radiation, 
sometimes requiring 33 months to reach the 
nadir value.37,45 Serum PSA levels can actually 
rise after brachytherapy and often fl uctuate 
during post-treatment surveillance due to 
benign disease. The optimal PSA value for the 
diagnosis of residual disease and treatment 
failure following radiation therapy is uncertain 
with multiple criteria under consideration.46,47 

Note that several salvage radical prostatectomy 
patient series have emphasized that early diag-
nosis and treatment of persistent clinically 
localized disease, prior to a PSA higher than 
10 ng/mL, result in improved cancer-specifi c 
survival rates.43,48 Because the timely diagnosis 
of persistent prostatic cancer confi ned to the 
prostate is critical for a second chance at cura-
tive therapy, a decision must be made for post-
radiation prostate biopsy. A potentially clinically 
useful PSA parameter would be a PSA nadir 
lower than 0.5 ng/mL. Approximately 90% of 
men who achieve such a level within 2 years 
remain free of recurrent disease.49 It can be 
proposed that a treatment algorithm that 
includes a prostatic biopsy at 12 to 24 months 
after defi nitive radiation therapy—for either an 
elevation in the serum PSA or failure to reach 
an acceptable nadir value—is likely to identify 
clinically signifi cant residual cancer in a large 
minority of men. The timing of this diagnosis 
is consistent with the expectation of clinically 
localized cancer amenable to salvage curative 
treatment.

Current clinical practice often results in 
the delayed diagnosis of persistent prostatic 
cancer following radiation therapy. This general 
approach is likely a result of the community 
understanding of the overall toxicity of a salvage 
radical prostatectomy and the inability of sys-
temic hormonal therapy to eradicate the cancer. 
Therefore, an early diagnosis of persistent cancer 
is unattractive for most patients and their 
physicians. This hypothesis is supported by the 
fi nding that most physicians treat radiation-
recurrent prostate cancer with testosterone abla-
tion therapy and believe that only 2% to 5% of 
men are candidates for curative salvage therapy.50 
However, modern salvage radical prostatectomy 
series have demonstrated an improved toxicity 
profi le, whereas new modalities such as prostate 
cryoablation offer a minimally invasive option 
with fewer adverse consequences.51–54

The remainder of this section focuses on the 
clinical evidence supporting the application of 
ultrasound-guided percutaneous prostate cryo-
ablation for the treatment of prostatic adenocar-
cinoma following defi nitive radiation therapy.

One of the earliest publications regarding 
salvage prostate cryoablation demonstrated an 
86% negative biopsy rate at 3 months after the 
procedure but was associated with an almost 
universal incidence of aderse events.55 This 
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report suggested that salvage cryoablation—at 
least with the liquid nitrogen–based equipment 
available at the time—was associated with exces-
sive morbidity. However, other investigators 
continued to report attractive negative biopsy 
rates of salvage cryoablation as high as 93%, 
which served to maintain a modest interest in 
this modality.56 The advent of gas-based cryoab-
lation equipment in the late 1990s created the 
clinical platform to readdress the application of 
cryoablation in the salvage setting. Katz and 
coworkers demonstrated in 2000 that the new 
technology could maintain the high negative 
biopsy rate while reducing the incidence of 
adverse events such as incontinence and recto-
urethral fi stula.57 Since that time, several single-
institution patient series have been published 
that fi rmly established salvage prostate cryo-
ablation as an effective and minimally morbid 
second-chance curative treatment for prostate 
cancer.18,58–60 These publications consistently 
demonstrate a negative prostate biopsy rate of 
86% to 95%. This is associated with a 5- to 
7-year biochemical disease-free survival rate 
of 40% to 68% for a PSA cutoff of less than 
0.5 ng/mL. This rate increases to 71% to 92% 
when using the ASTRO defi nition for PSA 
failure following radiation therapy.61 Further-
more, the incidence of rectourethral fi stula has 
been reduced to 0% to 3% and that of urinary 
incontinence to 0% to 13%.18,62

In summation, ultrasound-guided percutane-
ous cryoablation of the prostate with argon gas–
based equipment represents an attractive 
treatment option for men diagnosed with per-
sistent clinically localized prostate cancer 
following radiation therapy. The effi cacy of 
cryoablation, as with all salvage options, is 
enhanced with early detection efforts that 
identify the residual cancer with a serum PSA 
lower than 4 to 10 ng/mL. Since any therapy 
in the salvage setting is associated with an 
unavoidable incidence of adverse events, these 
men must receive a complete staging evaluation 
before an attempt at curative treatment. This 
evaluation should include a bone scan, pelvic 
nodal imaging, and possibly a pelvic lymph node 
dissection.60,63 Properly selected men should 
expect disease-specifi c survival rates as high as 
92% at 8 years. A comparison of clinical out-
comes of salvage radical prostatectomy and 
salvage cryoablation patient series is presented 
in Table 10-1.

Cryoablation as Primary Therapy for 
Clinically Localized Prostate Cancer

Sometimes it may seem to men with newly diag-
nosed prostate cancer that there are as many 
treatment options as there are physicians who 
treat the disease. The bewildering variety of 
treatments and modifi cations of those treat-
ments make selecting therapy a challenge for 
patients and physicians alike. However, despite 
the apparently disparate collection of options, 
there are several unifying concepts for all 
validated treatment approaches for clinically 
localized prostate cancer. Each treatment has 
been developed to eradicate the entire cancer 
while minimizing the treatment-associated side 
effects and cost. This conceptual framework 
has resulted in the development of nerve-sparing 
radical prostatectomy approaches, which now 
include robotic and laparoscopic techniques. 
Radiation therapy pathways have grown to 
include brachytherapy and targeted approaches 
such as intensity-modulated radiation therapy. 
Both the surgical and radiation categories of 
treatments have successfully improved oncologic 
effi cacy and reduced, but not eliminated, 
treatment-related side effects. Therefore, it 
should come as no surprise that alternative 
options continue to be pursued by physician-
scientists and patients alike. Ultrasound-guided 
percutaneous cryoablation of the prostate repre-
sents such an alternative option. This technique 
is capable of treating the entire prostate gland 
including the investing periprostatic fascia with 
a low rate of adverse events and the least cost of 
all validated treatment approaches. Figure 10-5 
demonstrates such a procedure with the echo-
genic iceball clearly visible in the prostate.

Table 10-1. Clinical Outcomes of Salvage Therapy

Author Type No. % Incont
Rectal 
Injury BR (%)

Pontes, 199352 RP  43 30  9 60
Rogers, 199553 RP  40 58 15 75
Amling, 199951 RP 108 23  6 74
Lee, 1997 Cryo  46  9  9 53
Bahn, 200359 Cryo  59  0 31
Katz, 2006* Cryo 161  8.8  0 31

BR, biochemical recurrence; Cryo, cryoablation; RP, radical 
prostatectomy.
*Treatment outcomes from Katz 2006 were published in Rukstalis DB, 
Katz A (eds): Handbook of Urologic Cryoablation. Informa UK, Ltd. 
London: 2007.
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The application of a cryogen for the treat-
ment of benign and malignant diseases of the 
prostate was fi rst described in 1964 through an 
open surgical incision.64 However, the addition 
of TRUS guidance in 1988 was required to 
establish the technique as a viable clinical alter-
native for men with prostate cancer.11 The initial 
patient series, published in 1993, demonstrated 
that the percutaneous placement of fi ve 3-mm 
cryoprobes into the prostate under ultrasound 
guidance resulted in an 82% negative postproce-
dure prostate biopsy.13 These preliminary results 
involved liquid nitrogen as the cryogen delivered 
to the prostate percutaneously through the peri-
neal skin. Despite the promising oncologic effi -
cacy, the procedure was associated with many 
adverse effects including freezing of the rectal 
wall, the development of rectourethral fi stula, 
urethral sloughing with secondary obstruction, 
perineal ecchymosis, and erectile dysfunction. 
Also important, stress urinary incontinence was 
an infrequent effect and remains rare in all sub-
sequent published clinical series. The fi nding of 

urethral sloughing emphasized the need for clin-
ical innovation designed to protect the prostatic 
urethral lumen while destroying the surround-
ing prostatic parenchyma. Therefore, a urethral 
catheter was designed that served to circulate 
warm fl uid through the urethral lumen during 
the cryoablation process.65 Ultimately, the 
placement of the urethral warming device has 
become an established component of the pros-
tate cryoablation technique.

In 1996, Cohen and coworkers66 published an 
updated patient series that included 383 patients 
most of whom were followed up for over 21 
months using a prostate biopsy. A total of 60% 
of men were found to have a negative biopsy 
after one cryoablation and 82% after a second 
cryoablation was performed. Serum PSA infor-
mation was available for 163 subjects after 21 
months of evaluation, with 60% exhibiting a 
PSA below 0.4 ng/mL and 77% below 1.0 ng/
mL. It is noteworthy that the incidence of 
adverse events had greatly decreased with ure-
thral sloughing—now occurring in 10% of cases 
with the urethral warming device. These initial 
reports confi rmed the oncologic effi cacy of the 
new ultrasound-guided procedure. Moreover, a 
subsequent multi-institutional pooled analysis 
was published by Long and co-investigators in 
2001 that resulted in approval for reimburse-
ment of the procedure from CMS.15 This report 
analyzed the outcomes of prostate cryoablation 
as primary therapy in 975 men with clinically 
localized prostate cancer. The surgical approach 
was designed to destroy the entire prostate and 
incorporated some form of the urethral warming 
catheter. It is interesting that this pooled analy-
sis also demonstrated that 82% of the men were 
without persistent cancer on follow-up prostate 
biopsy. The information regarding adverse out-
comes included erectile dysfunction in 93%, 
incontinence in 7.5%, and rectourethral fi stula 
in 0.5%. This analysis established the oncologic 
effi cacy of prostate cryoablation with liquid 
nitrogen–based equipment and further docu-
mented a stable reduction in adverse conse-
quences of the treatment.

As with most technical aspects of modern 
medicine, the drive for process and technologic 
improvement has been relentless in the fi eld of 
cryoablation. The liquid nitrogen–based machines 
provided the initial platform for the in situ 
destruction of the prostate with an energy source 
other than radiation. However, these machines 

A

B

Figure 10-5. These ultrasound images demonstrate the 
hyperechoic iceball rim in the sagittal (A) and transverse 
(B) planes.
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possessed inherent limitations, such as a limit of 
fi ve cryoprobes per procedure, the inability to 
terminate the freeze process once a desired end-
point was reached, and the lack of a method for 
warming tissue that could reduce operative 
times. These limitations stimulated clinical 
innovation and resulted in the development of 
argon gas–based units that were capable of deliv-
ering cold temperatures with 8 to 20 probes. 
These units incorporated thermosensors for 
monitoring the temperature of the treated 
tissues and the use of helium gas to warm the 
probes. In 1999, Lee and coworkers17 reported 
a comparison of the new gas-based equipment 
with six to eight cryoprobes per each prostate 
with the liquid nitrogen technique using fi ve 
cryoprobes. The new equipment resulted in an 
improved ability to ablate the entire prostatic 
parenchyma with a reduction in the median 
postprocedure serum PSA level (0.07 ng/mL 
versus 0.1 ng/mL). Subsequently, additional 
authors have provided patient series that 
confi rm, and further extend, the oncologic and 
toxicity data from this initial report.61,67–69 
Perhaps most important, the rate of persistent 
cancer within the prostate gland after an initial 
cryoablation has fallen from the early reports of 
18% positive biopsy rates to 1% to 5%.70,71

The modern conceptual framework for 
process and technologic innovation in prostatic 
cancer treatment incorporates patient-reported 
quality-of-life outcomes. Specifi c health services 
research uses validated instruments such as 
questionnaires to extend the traditional toxicity 
data produced from retrospective chart reviews 
and physician-based reports. Several investiga-
tors have published such patient-focused data 
for primary prostatic cryoablation. Smith and 
co-investigators72 performed a retrospective 
analysis of 2234 men diagnosed with prostate 
cancer in a longitudinal prostate cancer screen-
ing program using a mailed quality-of-life ques-
tionnaire. A total of 2% of the men received 
treatment with cryoablation. This study found 
that only 9% of men treated with any modality 
complained of signifi cant urinary incontinence 
at 12 months after therapy. It is interesting that 
only 45% of men treated with cryoablation 
described signifi cant bother from erectile dys-
function with only observation performing better 
in this domain. Despite the small number of 
men treated with cryoablation, this study dem-
onstrated that this technique compares very 

favorably with the other established treatment 
approaches. This fi nding was echoed by Ball and 
coworkers73 with a prospective quality-of-life 
analysis of 719 men treated with each of the 
established modalities. This group discovered 
that 498 men adequately completed 12 months 
of follow-up with completion of the UCLA 
Prostate Cancer Index and that 18% of those 
men treated with cryoablation returned to base-
line in the sexual function domain by 12 months. 
Moreover, cryoablation appeared equivalent to 
brachytherapy at 6 months regarding urinary 
function except for a poorer outcome of brachy-
therapy for irritative urinary symptoms.

Several publications have provided more 
focused information regarding the experiences 
of men treated with cryoablation. In 1999, 
Robinson and colleagues74 reported the results 
of a 12-month prospective analysis using the 
Functional Assessment of Cancer Treatment-
Prostate questionnaire (FACT-P), which dem-
onstrated that men had returned to baseline 
quality of life in all domains except for sexual 
functioning by 12 months. This group updated 
the results at 3 years after cryoablation, which 
demonstrated stable quality of life without 
new complications. A total of 13% of men had 
returned to baseline sexual function, and an 
additional 34% resumed sexual activity with 
therapy.75 Badalament and coworkers76 reported 
on 223 men managed with primary cryoablation 
who were evaluated with a questionnaire mailed 
retrospectively following treatment. These men 
described a 4.3% incidence of incontinence that 
required one absorbent pad each day; erectile 
dysfunction was a complaint in 85%, and 10% 
required a subsequent procedure to manage ure-
thral sloughing. Overall, 96% of men reported a 
high degree of satisfaction with the treatment.

The fi nal tenet for a successful prostate cancer 
treatment modality involves the cost of treat-
ment. Several investigators have examined the 
cost of cryoablation relative to the other estab-
lished management techniques. One compari-
son of open radical prostatectomy to cryoablation 
demonstrated a 27% lower cost for cryoablation, 
which was predominantly related to operative 
room costs and length of hospital stay.77 A 
second report evaluated costs of treatment for 
452 men treated with an open retropubic pros-
tatectomy, a radical perineal prostatectomy, a 
laparoscopic prostatectomy, or cryoablation.78 
Again, prostate cryoablation was the least costly 



Chapter 10 Prostate Cryoablation202

strategy despite an elevated equipment cost in 
the operating room. The cost reduction was due 
primarily to a reduction in pathology charges 
and hospital length-of-stay differences. Taken 
together, these patient-focused investigations 
with the fi nancial cost analysis support prostate 
cryoablation for the management of clinically 
localized prostatic adenocarcinoma and empha-
size the low risk of serious adverse outcomes for 
treatment.

Patient-Specifi c Modifi cations of 
Prostate Cryoablation for Primary 
Treatment of Low-Risk Prostate Cancer

The surgical approach to prostate cryoablation 
has been established as a whole gland treatment 
designed to destroy the entire prostate and peri-
prostatic tissue. This technique is consistent 
with the therapeutic intentions of all other 
treatment options such as radical prostatectomy 
and radiation therapy. The core scientifi c prin-
ciple underlying the desire to treat the entire 
prostate, with the obligatory risks of collateral 
damage to adjacent structures, states that pros-
tatic adenocarcinoma is a multifocal disease that 
is often peppered throughout a palpably normal 
prostate.79 The analysis of prostatic specimens 
from radical prostatectomy series consistently 
demonstrates an incidence of multifocal pros-
tatic cancer of 70% to 85%.80–82 Therefore, it has 
long been assumed that total prostate gland abla-
tion is absolutely required to ensure long-term 
survival for men diagnosed with localized pros-
tate cancer.

This assumption should be reexamined since 
clinical research into the natural history of pros-
tatic cancer in men has suggested that the disease 
commonly exhibits a protracted course. In 1994, 
Chodak and coworkers published a pooled anal-
ysis of 828 men managed with observation for 
the diagnosis of localized prostatic cancer.83 The 
10-year disease-specifi c survival for well and 
moderately well differentiated cancers was 87%. 
This fi nding has been extended further by Carter 
and others84 into the concept of active surveil-
lance with curative therapy delivered if evidence 
of progression is identifi ed. In a report examin-
ing a total of 407 men, the majority (59%) 
remained on observation at a median follow-up 
of 3.4 years.84 Increasingly, extended prostate 
biopsy protocols appear to identify men with 
clinically insignifi cant prostate cancer volume.85 

Certainly, many men harbor cancers that are 
unlikely to result in their death but still present 
a challenging therapeutic dilemma.

Although the pathologic analysis of radical 
prostatectomy specimens consistently demon-
strates multifocal prostate cancer, serum PSA-
based early detection programs appear to have 
resulted in a reduction in the number of indi-
vidual cancers and an overall reduction in the 
tumor volume at the time of diagnosis and treat-
ment. One early analysis of multifocal cancer 
discovered 500 individual cancers in the pros-
tate specimens from 234 men.86 It is interesting 
that 117 of the glands contained only a single 
cancer considered to be the palpably manifest 
cancer. These investigators also demonstrated 
that most prostates contained cancer volumes 
greater than 4 cm3 and that only 10% were 
below 0.5 cm3. Despite the larger total cancer 
volume and the identifi cation of multiple cancers 
in 50% of specimens, the authors concluded 
from this analysis that prostate cancer was never 
diffusely distributed within the prostate but 
rather an expansion of cancer from a single 
region of the prostate. In addition, the total 
volume of all cancer foci within the prostate is 
rarely larger than the volume of the known or 
index cancer. These same investigators exam-
ined a cohort of 139 prostate glands from men 
treated with cystoprostatectomy for bladder 
cancer.87 A total of 55 of the 139 samples con-
tained at least one focus of prostatic adenocar-
cinoma, with 92% demonstrating a total cancer 
volume of less than 0.5 cm3. Taken together, 
these two reports provided the data that estab-
lished the cancer volume of 0.5 cm3 as the 
threshold for clinically signifi cant prostate 
cancer.

In 2001, Noguchi and coworkers88 evaluated 
the histologic features of cancer in 222 radical 
prostatectomy specimens. The mean volume of 
the index cancer was 1.86 cm3, and it appeared 
that the overall cancer volume was now below 
4 cm3. It is noteworthy that 73% of the men 
were found to have unilateral prostate cancer on 
prostate biopsy before the radical prostatec-
tomy. In addition, approximately 19% to 35% 
of men with a single positive prostate biopsy or 
no evidence of Gleason pattern 4/5 cancer on 
biopsy had less than 0.5 cm3 cancer volume in 
the radical prostatectomy specimen. Despite 
the fi nding that no single parameter on biopsy 
was found to be predictive of the tumor volume, 
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it did appear that a growing percentage of men 
treated with radical prostatectomy possess small 
volume and potentially regionally localized pros-
tate cancer. Chan and associates89 further dem-
onstrated in 2001 that 25% of 297 men treated 
with radical prostatectomy manifested cancer 
volumes less than 0.5 cm3 and that the mean 
tumor volume of the study population was 
1.6 cm3. Again, these results suggest that early 
detection programs identify men with a reduced 
overall tumor volume associated with fewer 
ancillary lesions. Epstein and coworkers90 com-
pleted this analysis with a report in 2005 exam-
ining the prostates of 103 men treated with 
radical prostatectomy with the expectation of 
low volume prostate cancer on the preoperative 
saturation prostate biopsy. The biopsy parame-
ters that appeared to correlate with low-volume 
cancer included no single prostate core with 
more than 50% involvement, Gleason score less 
than 7, and fewer than three cores involved. If 
these characteristics were present in the biopsy, 
a total of 71% of the prostates contained less 
than 0.5 cm3 total cancer volume. Table 10-2 
provides further information regarding the 
results of reported prostate biopsy series dem-
onstrating that a large minority of men present 
with putative low-volume prostate cancer. These 
publications analyzed the results of prostate 
biopsy paradigms relative to the pathologic fi nd-
ings on radical prostatectomy to understand the 
predictive ability of the biopsy.

Against this backdrop of a signifi cant minority 
of men with low-volume prostate cancer, the 
toxicity profi le of whole gland destructive strat-
egies must be evaluated. Certainly, a strong 
argument can be made for noncurative therapy 
such as active surveillance for men in this clinical 
situation, because the cancer would be unlikely 
to progress to systemic disease within 10 years 
of diagnosis. However, the fi nding of clinical 

local progression in up to 31.5% of men with 
putatively low-volume and low-risk cancer by 3 
years supports the risk-based strategy of cura-
tive therapy even in this circumstance.90 It is 
likely that many patients and their physicians 
would fi nd a minimally invasive and targeted 
ablative approach to the destruction of the 
cancer-containing region of the prostate as 
attractive. Ultrasound-guided percutaneous 
prostate cryoablation has demonstrated the 
fl exibility to achieve this individualized treat-
ment outcome. As a result, many patients have 
received such a focal therapy with the under-
standing that the toxicity is low and that the 
procedure can be repeated if necessary.

The initial report of focal cryoablation 
appeared in 2002 and contained the experience 
of nine men treated with a focal nerve-sparing 
cryoablation.92 The men were followed up for a 
mean of 36 months with six men receiving a 
negative postcryoablation prostate biopsy. None 
of the patients developed urinary incontinence, 
and 70% maintained normal potency. This 
potentially transformative publication has been 
followed subsequently by reports from other 
investigators that suggest similar outcomes. 
Bahn and associates93 described a series of 31 
men treated with focal cryoablation for low-
volume prostate cancer with a 96% negative 
follow-up biopsy rate, 88% preservation of 
potency, and no evidence of urinary inconti-
nence. Lambert and coworkers94 published their 
series of 25 men treated with focal therapy in 
2007 and demonstrated that 17 of the men 
maintained normal potency without evidence of 
incontinence or urethral toxicity. Note that with 
a mean follow-up of 28 months, three of seven 
men exhibited persistent microscopic prostate 
cancer on postcryoablation biopsy. These reports 
support the hypothesis that a less than total 
individualized prostate cryoablation technique 

Table 10-2. Results of Prostate Needle Biopsy Patient Series

Author No. of Men No. of Cores No. of Cores Positive Unilateral/Unifocal Insignifi cant

Terris, 199291 124 6 NA 21.7% Unifocal
Chan, 200189 107 ≤8 2.1 22.6% Insignifi cant

190 ≥9 2.8 25.4% Insignifi cant
Noguchi, 200188 222 6.4 (6–13) 2.1 (1–7) 73%/35.1%
Epstein, 200590  56 44 (24–54) 3 (1–21) 73% Insignifi cant
Haas, 200785 164 18 NA 50% Insignifi cant
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can eradicate small-volume prostate cancer in 
the majority of men with minimal treatment-
related toxicity. However, enthusiasm for this 
exciting new strategy must be tempered by the 
real likelihood of persistent prostatic cancer in 
10% to 20% of men and the potential require-
ment for a second therapeutic procedure. The 
images in Figure 10-6 demonstrate the capabil-
ity of an individualized prostate cryoablation to 
treat selected regions of the prostatic gland.

Summary

Ultrasound-guided percutaneous prostate cryo-
ablation represents an attractive treatment 
modality for men with clinically localized pros-
tatic adenocarcinoma. The scientifi c foundation 
of the destructive effect of cold temperatures 
suggests that even high-grade cancers can be 
eradicated with a local in situ-based approach. 
Clinical innovation has resulted in an improve-
ment in the cryoablation equipment available to 
urologists and their patients over the past 15 

years with an associated reduction in the adverse 
events associated with the therapy.

The generalized adoption of PSA-based early 
detection programs for prostate cancer has 
resulted in a shift to earlier-stage cancers with 
lower cancer volumes at the time of diagnosis. 
Therefore, more men are likely to be attracted 
to the minimally invasive nature of cryoablation 
for eradication of this lower-risk cancer. The 
technique is highly fl exible and can be provided 
to men following radiation therapy as a salvage 
treatment. In addition, prostate cryoablation has 
been demonstrated to be an effective option for 
the primary treatment of localized prostate 
cancer with the capacity for further reduction 
in cost and toxicity by individualizing the treat-
ment to focus on the cancer-containing region 
of the prostate gland.
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Alternative Medicine for 
Prostate Cancer: 
Diet, Vitamins, Minerals, 
and Supplements

Aaron Katz

K E Y  P O I N T S
● Prostate cancer is an excellent candidate for chemo-

prevention with nutrition because of its long latency, 
high incidence, and strong correlation with specifi c 
dietary factors.

● The highest likelihood of chemoprevention of pros-
tate cancer is in the very earliest stages of the disease, 
that is, prostatic intraepithelial neoplasia (PIN).

● Current evidence supports a chemopreventive 
approach that incorporates reduction of infl amma-
tion (using omega-3 fatty acids and anti-
infl ammatory herbal supplements) and protection 
against oxidant damage (using antioxidant nutrients 
and herbs).

● Research into nutritional chemoprevention of pros-
tate cancer is ongoing and highly promising, and it 
can be applied now with patients in the early stages 
of prostate cancer.

● Nutritional chemopreventive agents have no negative 
impact on potency or continence.

These factors—high incidence, long latency, 
and strong environmental infl uence—make 
prostate cancer an ideal target for chemopreven-
tive approaches. In this context, the term che-
moprevention is used to describe nutritional 
interventions, that is, changes in diet and the 
use of specifi c nutritional supplements to slow 
or reverse the progression of early prostate 
cancer or PIN. Chemoprevention can also be 
used in a more proactive fashion to help prevent 
prostate cancer from ever occurring in the fi rst 
place.

In research performed at the Preventive 
Medicine Research Institute at the University of 
California, San Francisco, Ornish and associates4 
demonstrated the power of diet and lifestyle 
changes in 87 men with prostate cancer (PSA 4 
to 10 ng/mL; Gleason score less than 7) who 
chose not to undergo conventional treatments. 
The study period was 1 year. Subjects were 
enrolled either in a program of extensive, com-
prehensive lifestyle changes, including a low-fat, 
vegetarian, soy-rich diet and nutritional supple-
ments, exercise, psychosocial support, and stress 
reduction, or in a usual care control group. None 
of the men in the experimental group required 
conventional treatment during the study period, 
whereas six of the control subjects required 
such treatment (Table 11-1).

This and other research studies—many of 
which will be discussed in detail in this chapter—
strongly suggest that if men who would other-
wise be told to watchfully wait were offered the 
information and motivation they need to enter 
into a focused chemoprevention program, we 
could have signifi cant impact on disease progres-
sion, as well as on other important aspects of 
men’s overall health.

Introduction

Prostate cancer foci are believed to occur in 30% 
of men over age 50 and in 75% of men over 80.1 
Most of these foci remain latent and do not end 
up growing or spreading to any signifi cant extent, 
and the occurrence of such foci is fairly con-
sistent worldwide. Much evidence from epide-
miologic surveys, as well as from laboratory, 
intervention, and case-control studies, suggests 
that diet may be a crucial factor in the transfor-
mation of a latent or slow-growing focus into a 
more aggressive form that requires invasive 
treatment. Western men have a much greater 
risk for developing advanced, invasive prostate 
cancer and prostate cancer death. Migration 
studies fi nd that risk rises substantially within a 
single generation in lower-risk men who relocate 
to the United States.2,3
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The research community is well on its way to 
deducing which dietary factors can be applied in 
the earliest stages of prostate carcinogenesis to 
reduce the risk of morbidity and mortality from 
this disease. As tools for early detection improve, 
applying these chemopreventive factors will be 
an increasingly practical, inexpensive, and effec-
tive path to decreasing prostate cancer inci-
dence. Most nutritional chemoprevention agents 
have the added benefi t of being good for the 
cardiovascular system and for the prevention of 
other cancers (Fig. 11-1).

A sizable body of research suggests that nutri-
tional interventions can be valuable for patients 
with early-stage prostate cancers. This is partic-
ularly true in patients with prostatic intraepithe-
lial neoplasia (PIN), which we have found to be 
responsive to herbal and dietary therapies in our 
research at the New York-Presbyterian Hospi-
tal/Columbia Center for Holistic Urology. 
Reversing PIN with chemopreventive agents 
could turn out to be our best primary defense 
against prostate cancer.

This chapter addresses the research evidence 
that supports a role for dietary factors in the 
initiation and progression of prostate cancer; 
and, by association, the promise of manipulation 
of those factors in prostate cancer chemopre-
vention. First, there is a brief discussion of the 
putative infl uence of macronutrient elements of 
the diet, including the controversial role of total 
fat intake and the less disputed role of subtypes 
of fat, particularly the role of omega-3 to omega-
6 balance and its effects on infl ammation, a 
factor now strongly suspected in the etiology of 
prostate cancer.

Next, a discussion of the micronutrients, spe-
cifi cally lycopene, vitamin E, and selenium, and 

of specifi c nutrient-dense foods, plant chemi-
cals, and herbs that have shown promise as pros-
tate cancer chemopreventives is offered. I also 
share the nutritional protocol that has shown the 
most promise in my own research—still prelimi-
nary at this writing—for slowing the progression 
of and even reversing PIN (Table 11-2).

Diet and Prostate Cancer Risk

Fat content of the diet, overall caloric intake, 
the ratio of omega-6 to omega-3 fatty acids in 
the diet, and consumption (or lack thereof) of 
meat, antioxidants, and soy foods are the major 
factors that appear to correlate most closely 

Table 11-1. Effect of Intensive Lifestyle Changes on PSA and Serum-Stimulated LNCaP Cell Growth

PSA

Time from Study Initiation Experimental Group Control Group

3 months PSA ↓ 1% PSA ↑ 5%
1 year PSA ↓ 3% PSA ↑ 7%

LNCaP

Experimental group 67% growth inhibition
Control group 12% growth inhibition

LNCaP, lymph node carcinoma of the prostate; PSA, prostate-specifi c antigen.
Data from Ornish D, Weidner G, Fair WR, et al: Intensive lifestyle changes may affect the progression of prostate cancer. J Urol 174:1065–1070, 2005.
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Figure 11-1. The incidence of prostate cancer (PCa) 
worldwide has been strongly associated with differences 
in diet and lifestyle. (Figure created by Ronald Morton, 
MD, based on data from Willett WC: Goals for nutrition for 
the year 2000. CA Cancer J Clin 49:331–352, 1999.)
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with risk of prostate cancer and risk of death 
from this disease. These dietary factors may act 
as late-stage promoters rather than initiators, 
transforming a relatively harmless, latent pros-
tatic neoplasia into a more aggressive form.

Fat Content of the Diet

In a 31-country study, investigators found a 
close correlation between fat intake and pros-
tate cancer mortality.5,6 On the other hand, the 
Netherlands Cohort Study found no association 
between prostate cancer and total fat intake.7 
Other population surveys have found moderate 
correlations. Within populations with low risk 
of prostate cancer, such as Chinese men, the 
percentage of fat in the diet is strongly predic-
tive of whether they ultimately develop the 
disease.8 Another case-control study, performed 
in Utah, found that men with high fat intake 
had the highest risk of aggressive prostate 
tumors.9

Laboratory results confl ict in this regard as 
well: Some animal models fi nd increased tumor 
growth with higher-fat diets, whereas others 
fi nd no relation between these variables. Reduc-
ing dietary fat in LAPC-4 xenografted severe 
combined immunodefi cient mice was found to 
delay the progression of prostate cancer to 
androgen insensitivity and to prolong survival,10 
but other preclinical investigations fi nd no rela-
tion among fat intake, androgen sensitivity, and 
survival.11–13 In a comprehensive review article, 
Sonn and associates point out that “most clini-
cal evidence on the role of fat is from observa-

tional, not interventional studies.”1 Case-control 
studies on this subject often fi nd a positive cor-
relation between fat in the diet and prostate 
cancer risk, but most of these studies “differ 
with selection of controls and method of dietary 
assessment.”1

Possible explanations for a correlation 
between total fat intake and prostate cancer 
incidence include effects of dietary fat on serum 
androgen levels, oxidative stress, or increases in 
insulin-like growth factor 1 (IGF-1). On the 
other hand, more fat in the diet may boost con-
version of testosterone to estrogens, which may 
have protective effects. It is also important to 
consider the potential role of xenoestrogenic, 
persistent pollutants found in high concentra-
tions in animal fat.

Caloric Intake

Caloric restriction has been found consistently 
and independently to reduce prostate tumor 
growth in animal models. As long as intake of 
vitamins, minerals, and accessory nutrients is 
adequate, caloric restriction reduces infl amma-
tion, free radical stress, high insulin levels, and 
body weight—all factors that can accelerate 
cancer growth. Caloric restriction reduces DNA 
damage and enhances DNA repair. Results from 
animal studies of caloric restriction are among 
the most impressive in the small but growing 
realm of chemoprevention research (Tables 
11-3 and 11-4).

Unfortunately, dramatic effect like this 
requires drastic reduction in caloric intake—one 

Table 11-2. Dietary Factors, Foods, Nutrients, Plant Chemicals, and Herbs with 
Putative Effects on Prostate Cancer Growth

Macronutrients Specifi c Foods/Herbs Micronutrients/Phytochemicals

Dietary fat
Dietary fi ber
Meat
Dietary balance of
  individual classes 

of fatty acids 
(omega-3, 
omega-6, 
saturated, 
trans fats)

Pomegranate
Tomato
Soy
Green tea
Ginger
Ginseng
Holy basil
Medicinal mushrooms
Zyfl amend (an herbal combination that includes curcumin,
 ginger, holy basil, Baikal scullcap, green tea, and hu zhang)
Prostabel (an herbal combination that includes Pao pereira 

and Rauwolfi a vomitoria)
Saw palmetto

Antioxidants, especially
 selenium/vitamin E
Phytoestrogens, especially
 genistein from soy
Lycopene
Omega-3 fats from fi sh oil
Indole-3-carbinol
Inositol hexaphosphate (IP-6)
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third or 40% below what an animal would eat if 
given unlimited access to food. Most patients 
(and, no doubt, physicians) would balk at this 
regimen, which entails being hungry most of the 
time. However, the potency of this very simple 
intervention should not be disregarded just 
because patients may have diffi culty adhering 
to a physician’s advice to eat fewer calories. 
Although the most potent effect is seen with 
greater restriction, even moderate caloric restric-
tion has been found to reduce gastrointestinal 
cancer risk in mice by 60%.14 Prostate and breast 
cancers have shown similar vulnerability to 
caloric restriction. A study by investigators at 
the University of California–Berkeley found 
that restricting caloric intake through every-
other-day fasts in mice reduced cell prolifera-
tion in several organ systems.15

Some nutritional interventions (i.e., supple-
ments) show promise as substitutes for caloric 
restriction, mimicking the effect of a low-calorie 
diet at the cellular level. However, such research 
is still in its earliest stages. A nutrient-dense diet 
extremely rich in vegetables and fruits and with 
reduced consumption of meats and sugars has 
been found to have cancer-preventive effects 

similar to the calorically restricted diet, although 
not to the same extent.

Obesity

Obesity may in some cases be correlated to high 
fat intake—although the more likely culprit is 
high caloric intake—and obesity has been 
strongly implicated as an independent risk factor 
for high-grade prostate cancer and prostate 
cancer mortality.16,17

Excess body fat alters estrogen and testoster-
one activity. Lower testosterone is associated 
with lower prostate-specifi c antigen (PSA) at 
diagnosis. Tymchuk and coworkers18 found that 
when 27 obese men were put on very low-fat 
(less than 10% of calories from fat), high-fi ber 
diet, and exercise programs, all the men who 
had high PSA levels (over 2.5 ng/mL) saw 
these values fall. Sex hormone-binding globulin 
(SHBG) rose and free testosterone levels 
dropped, possibly decreasing growth-promoting 
effects on the prostate. It is interesting that 
diabetes appears to independently reduce the 
risk of prostate cancer.19

Ratio and Types of Dietary Fatty Acids

Today we know that singling out dietary fat for 
blame in heart disease and obesity is to oversim-
plify a complex picture, and in oversimplifying 
in this manner, we may be missing a factor that 
is at the crux of the chemoprevention issue. The 
various classes of dietary fatty acids have very 
different physiologic effects, and the expansion 
of our knowledge in this area has revealed a 
similar picture in terms of prostate cancer risk: 
Overall fat content in the diet appears to be less 
infl uential than the ratio of the various fatty 
acids.

Table 11-3. Caloric Restriction and Tumor Growth in Mice

Number of Tumors

Mouse Strain Carcinogen Site Fed Underfed

DBA Spontaneous Breast 13  3
DBA Spontaneous Breast 20  1
ABC Benzo(a)pyrene Skin 22  7
Swiss Benzo(a)pyrene Skin 24  6
C57 Benzo(a)pyrene Subcutaneous 36 22

From Kritschevsky D: Caloric restriction and experimental carcinogenesis. Toxicol Sci 52(Suppl):13–16, 1999, Table 1. Copyright © 1999 by the 
Society of Toxicology.

Table 11-4. Infl uence of 40% Energy 
Restriction and Fat on DMBA-Induced 

Mammary Tumors in Rats

Fat Type Amount (%) Regimen
Tumor Incidence 

(%)

Coconut oil 4.0 Ad libitum 14/24 (58%)
Coconut oil 7.9 Restricted 0/23 (0%)
Corn oil 4.0 Ad libitum 16/20 (80%)
Corn oil 7.9 Restricted 4/20 (20%)

DMBA, dimethylbenzanthracene.
From Kritschevsky D: Caloric restriction and experimental carcinogen-
esis. Toxicol Sci 52(Suppl):13–16, 1999, Table 3. Copyright © 1999 by 
the Society of Toxicology.
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High intake of saturated fatty acids (SFA), 
trans-fatty acids (from processed, hydrogenated 
vegetable oils), and omega-6 polyunsaturated 
fatty acids (PUFAs)—particularly arachidonic 
acid (AA) and linoleic acid (LA)—have all been 
associated with both increased prostate cancer 
incidence and mortality or no effect on these 
variables. On the other hand, higher intake of 
the omega-3 fatty acids docosahexaenoic acid 
(DHA), eicosapentaenoic acid (EPA) and alpha-
linolenic acid (ALA) is associated with reduced 
risk and a protective effect. A Western high-fat 
diet is likely to be high in omega-6 PUFAs and 
trans fats. This could explain the connection 
between total fat and prostate cancer risk that 
has continued to come up in the research.

Olive oil in the diet, a source of neutral omega-
9 fatty acids, has been found to be protective 
against many cancers, including cancer of the 
prostate. Unrefi ned vegetable oils rich in phytos-
terols, including B-sitosterol and campesterol, 
are believed to reduce the risk of prostate cancer. 
Asian and Mediterranean diets, both rich in phy-
tosterols, confer reduced risk compared with 
the standard American diet with its abundance 
of cholesterol, refi ned oils, and saturated fats. 
Animal and cell culture studies have found that 
olive oil phytosterols directly inhibit prostate 
cancer cell growth and migration, as well as their 
binding to membrane proteins of normal cells.

The balance of omega-3 (n-3) and omega-6 
(n-6) fats in the diet affects hormone levels and 

activity and eicosanoid balance. Eicosanoids are 
potently bioactive lipids and autocrine and 
paracrine mediators that are involved in the 
initiation of the infl ammatory response, fever 
production, regulation of blood pressure, blood 
clotting, control of reproductive processes and 
tissue growth, and regulation of the sleep/wake 
cycle. AA and LA are altered by lipoxygenase 
(LO) and cyclooxygenase (COX) enzymes to 
produce leukotrienes and prostaglandins; these 
eicosanoids and enzymes are implied, in current 
research, in tumor development, progression, 
and metastasis. This cascade appears to be of 
particular importance in the earliest stages of 
prostate cancer (Figs. 11-2 and 11-3).

ALA, EPA, and DHA, when altered by COX 
and LO enzymes, form anti-infl ammatory 
prostaglandins, leukotrienes, and thromboxanes. 
Because these various types of fatty acids 
compete for the same enzymes, the balance of 
n-3 and n-6 fats in the diet strongly infl uences 
the balance of pro- and anti-infl ammatory eico-
sanoids in the body.

Laboratory research offers robust support for 
the role of n-3/n-6 imbalance in prostate cancer 
etiology. So far, this has been diffi cult to dem-
onstrate in vivo in humans, but a recent study 
by Kelavkar and coworkers20 at the University 
of Baroda, India, provides some support for 
dietary manipulation of the balance of these 
fatty acids, either through dietary changes or 
supplements. These investigators compared the 

Omega-6 fatty acid biotransformation to eicosanoids

Linoleic acid (C18:2n-6)

delta-6-desaturase

elongase

Gamma-linoleic acid (C18:3n-6)

Di-homo-gamma linolenic acid
(C20:3n-6)

COX

PGE1

LO

15OH-DHGLA

COX

PGE2, PGI2, TXA2
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Arachidonic acid
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Figure 11-2. Linoleic acid (omega-6) 
biotransformation into eicosanoids. 
Those derived from arachidonic acid have pro-
infl ammatory effects and may be associated with 
prostatic intraepithelial neoplasia and prostate 
cancer. Dietary manipulation of eicosanoids 
appears to be an important chemopreventive tool.
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expression of cyclooxygenases and lipoxygen-
ases in 18 normal donor prostates with that of 
60 prostate tumors, as well as activity of desatu-
rase enzymes that help to transform AA into 
pro-infl ammatory eicosanoids. They found that 
normal prostate had lower 15-LO-1 expression 
and higher elongase, delta-6-desaturase, delta-5-
desaturase, and 15-LO-2 expression, whereas 
cancerous prostate had the opposite profi le: 
higher 15-LO-1 and lower 15-LO-2, delta-6 and 
delta-5-desaturase expression. In conclusion, 
the authors state: “[o]ur study underscores the 
importance of promising dietary intervention 
agents such as the omega-3 fatty acids as sub-
strate competitors of LA/AA, aimed primarily 
at high 15-LO-1 and COX-2 as the molecular 
targets in PCa initiation and/or progression.”20

COX enzymes are the target of most anti-
infl ammatory drugs. The two main isoforms of 
cyclooxygenase are COX-1 and COX-2, and 
these enzymes are responsible for production of 
the eicosanoid class known as the prostaglan-
dins. The COX-1 isoform has many important 
housekeeping functions in the cell and is pro-
duced throughout the body as a matter of 
course. COX-2 is produced in response to pro-
infl ammatory stimuli and is implicated in the 
progression of many disease states, including 
cancer. Elevated COX-2 levels have been 
detected in lung, colon, pancreatic, head and 

neck, and prostate cancers. COX-2 (and, to 
some extent, COX-1) elevation has been found 
in numerous studies of prostate tumor samples; 
benign prostatic tissues from the same patients 
had signifi cantly lower concentrations of 
COX-2. Elevations in COX-2 activity and its 
attendant prostaglandins are implicated in angio-
genesis; COX-2 inhibition has been observed to 
induce apoptosis in prostate cancer cells. Many 
researchers are considering these enzymes as 
useful targets for development of novel 
chemotherapeutics.

Before the advent of highly processed diets, 
the ratio of n-6 to n-3 fats in typical diets was 
about 2 or 3 to 1. Today’s standard processed-
food American diets, however, yield a ratio as 
high as 40 to 1. The protective effects of fi sh in 
the diet further support this hypothesis. One 
investigation, published in the journal Cancer 
Epidemiology, Biomarkers and Prevention, fol-
lowed up 47,882 subjects participating in the 
Health Professionals’ Follow-Up Study. Dietary 
intake of individuals in Sweden was assessed 
with a food frequency questionnaire in 1986, 
1990, and 1994; during 12 years of follow-up, 
2482 cases of prostate cancer were diagnosed, 
with 278 metastatic cancers found. Subjects 
who ate fi sh more than three times a week had 
almost half the risk of metastatic prostate cancer 
compared with those who ate fi sh less than 
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Figure 11-3. Omega-3 fatty acid 
biotransformation to eicosanoids. Omega-3 fats 
such as DHA and EPA compete for the same 
enzymes, reducing the production of pro-infl ammatory 
eicosanoids and enhancing production of anti-
infl ammatory versions. Manipulation of eicosanoid 
production through diet and herbal therapies may be 
a keystone of prostate cancer chemoprevention.
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twice a month. Each additional daily intake of 
0.5 grams of marine fatty acid from food was 
associated with a 24% decreased risk of meta-
static cancer.21

Fish oil supplements rich in DHA and 
EPA are promising chemopreventive agents. 
Herbal supplements have also been studied 
for their potential to push the balance of 
COX and LO enzymes and eicosanoid balance 
in an anti-infl ammatory direction. In our inves-
tigations, we have found that doing so can 
stall or even reverse PIN. Both fi sh oil supple-
ments and herbal anti-infl ammatory supple-
ments are discussed in greater detail later in 
this chapter.

Meat in the Diet

Colli and Colli,22,23 in two retrospective popula-
tion studies published in Urologic Oncology 
in 2005 and 2006, found strong correlations 
between prostate cancer mortality and intake 
of total meat, added fats and oils, ice cream, 
vegetable shortening, margarine, and salad and 
cooking oils. In their international survey of 
prostate cancer mortality in 71 countries, they 
found increased risk in those who ate more 
animal calories, more animal fat calories, more 
meat, more sugar, and more alcoholic bever-
ages. These results lend further epidemiologic 
credence to the theory that overconsumption 
of n-6 fats and trans-fatty acids, with the lack 
of n-3 fats, vegetables, whole grains, and fruit 
characteristic of diets abundant in meat, sugar, 
and processed oils and margarines, is an impor-
tant point to address in a chemoprevention 
program.

A link between meat intake and prostate 
cancer makes sense on several fronts. Fats from 
nonorganic animal sources contain more organo-
chlorines and other xenoestrogens (environmen-
tal estrogens) than vegetable fats. These 
chemicals are known carcinogens that can 
damage the prostate, and evidence from animal 
studies indicate that this damage to prostate 
cellular function and microstructure can begin 
during the fetal stage of life.24–26 Prostate and 
breast tissues are particularly good at concen-
trating these ubiquitous, fat-soluble xenoestro-
gens. To ignore the potential infl uence of these 
chemicals because we cannot control their pres-
ence in the environment or in the body is to 
leave out what is probably a crucial piece of the 

puzzle as we consider the design of a chemopre-
vention program.

Meat (including red meat, chicken, and fi sh) 
cooked at high temperatures contains high 
concentrations of polyaromatic hydrocarbons 
(HCAs), which are known prostate carcinogens. 
A meat-rich diet can crowd out vegetables and 
fruits, which leaves the body with an excess of 
carcinogens to deal with and few of the naturally 
occurring carcinogen-detoxifi cation enzyme 
inducers and antioxidants that are abundant in 
plant foods and that are effective at reducing 
cancer risk.

Phytoestrogens

Differences in the level of consumption of tra-
ditionally prepared soy foods (miso, tofu, 
tempeh, natto) are believed to contribute to the 
large difference in prostate cancer incidence and 
mortality between Asian and Western males. A 
large-scale epidemiologic study by Hebert and 
associates27 of 59 countries found that soy-
derived products offered highly signifi cant pro-
tection against prostate cancer. Animal studies 
reveal that soy isofl avones, particularly genistein, 
inhibit prostate cancer growth in cell cultures.28 
In rat models, genistein has been found to offer 
signifi cant chemopreventive activity against 
advanced prostate cancer. Possible mechanisms 
include estrogenic properties and inhibition of 
5-α reductase. Soy foods contain protease inhibi-
tors, saponins, and phytates, all of which have 
putative anticarcinogenic effects.

Fiber/Lignan Intake

Lignans are found in seeds, whole grains, vege-
tables, fruit, and legumes, but the richest dietary 
source is fl ax seed. Diets rich in this and other 
fi bers have consistently been correlated with 
reduced prostate cancer risk.29 Lignans are fer-
mented in the bowel, yielding the phytoestro-
genic metabolites enterodiol and enterolactone. 
These metabolites infl uence sex hormone 
metabolism in ways that are believed to reduce 
the risk of hormonally infl uenced cancers; they 
reduce the action of growth factors, malignant 
cell proliferation and differentiation, and angio-
genesis.30 An investigation by Swedish research-
ers found that the lowest blood levels of 
enterolactone correlated with higher prostate 
cancer risk.31 Duke University investigators 
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added 30 grams of ground fl ax seed per day for 
an average of 34 days (21–77 days) to the diets 
of 25 patients scheduled for prostatectomy. 
(The men were also placed on a 20% fat diet for 
the study’s duration.) Testosterone and free 
androgen levels fell; proliferation rate fell and 
apoptosis was enhanced32 (Fig. 11-4).

Laboratory studies fi nd that lignans and 
enterodiol/enterolactone enhance apoptosis, 
downregulate sex steroid receptor activity, and 
inhibit the growth of prostate cancer cell lines 
(both androgen-dependent and androgen-inde-
pendent).33 Lignans inhibit estrogen binding to 
alpha-fetoprotein.

The Ideal Prostate Cancer 
Chemoprevention Diet

Slowing the growth of latent foci is best achieved 
with a combination of diet and nutritional sup-
plementation. Current evidence supports a diet 
rich in vegetables, fruits, and whole grains. Red 
meat should be a small part of the diet, if con-
sumed at all, and grass-fed, organic beef, free-
range poultry, game, eggs, and wild-caught ocean 
fi sh are the best options for fl esh foods. Encour-
age patients to try tempeh, tofu, and miso as 
alternate protein sources. Nuts and seeds are 
good additions to the chemopreventive diet; 
unrefi ned extra-virgin olive oil should be the oil 
of choice; and ground fl ax seeds can be added 
to the diet, stirred into organic, low-fat, live-
culture yogurt (the best choice of dairy product) 
or oatmeal. Have patients minimize refi ned fl our 
and sugar intake, as well as the consumption of 
trans fats and other highly refi ned vegetable oils, 
all of which promote the pro-infl ammatory eico-
sanoid cascade.

A vegetable or fruit serving is equivalent to 
½ cup fresh or ¼ cup dried; a cup of leafy 

greens; or six fl uid ounces of fruit or vegetable 
juice. Advise patients to aim for at least 5, but 
preferably 8 to 10, servings of these foods per 
day (Fig. 11-5).

To enhance lignan intake, patients may be 
advised to supplement their diets with 3 table-
spoons of fl ax seed daily; the seed meal can be 
added to yogurt, hot cereals, soups, stews, or 
nut butters. The seeds can be ground in a coffee 
grinder or purchased already ground. Advise 
patients to keep ground seeds in the freezer.

Superfoods for Prostate 
Cancer Chemoprevention

The popular media frequently use the term 
“superfood” to describe foods discerned to 
contain high concentrations of health-promoting 
nutrients; foods that have been found in epide-
miologic studies to increase lifespan and healthy 
lifespan in various parts of the world; and foods 
that appear to support the smooth function of 
multiple organ systems. Spinach, wild-caught 
salmon, blueberries, soy foods, oats, broccoli, and 
green tea all have been defi ned as superfoods. 
Although all of these foods have value in men’s 
health and cancer prevention, investigations spe-
cifi c to prostate health suggest that a few addi-
tional foods qualify for a list of superfoods with 
specifi c value for prostate health. Where rele-
vant, concentrated versions of these foods avail-
able as nutritional supplements are addressed.

Pomegranate

Pomegranate, which is actually a very large 
berry, contains a wide range of antioxidant poly-
phenolic fl avonoids, anti-infl ammatory phyto-
chemicals, lignans, and plant estrogens, all of 
which may aid in efforts toward prostate and 
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Figure 11-4. Lignan and fl ax seeds. 
Lignan, a type of fi ber, is transformed in 
the colon to phytoestrogenic enterolactone, 
which may aid in prostate cancer 
prevention. Flax seeds, the best source of 
lignans, should be a part of the 
chemoprevention diet.
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breast cancer chemoprevention and as an adjunct 
nutritional therapy (Fig. 11-6).

The pomegranate has been used medicinally 
for thousands of years. This fruit is anti-infl am-
matory, cardioprotective, and protective against 
diabetic complications. Its components protect 
against platelet aggregation, low-density lipopro-
tein (LDL) oxidation, and general oxidative 
stress.34 Pomegranate also has antibiotic and 
neuroprotective effects.35

In their investigations at the University of 
Wisconsin Department of Dermatology, Malik 
and associates36 fi rst discovered that pomegranate 
fruit extract (PFE) had notable antitumor effects 
in mouse skin. The team then used human pros-
tate cancer cells to assess the antiproliferative, 
proapoptotic activities of PFE, and found a dose-
dependent inhibition of highly aggressive PC3 
prostate cancer cells. Cell growth and viability fell 
and apoptosis was induced in this experiment. In 
a follow-up investigation, they administered PFE 
orally to athymic nude mice implanted with 
androgen-sensitive prostate cancer cells; the 
result was a signifi cant inhibition of tumor growth 
and a fall in PSA. Albrecht and coworkers,37 in a 
multicenter study based at Philipps University in 

Marburg, Germany, had similar results in an 
investigation of cold-pressed pomegranate seed 
oil, fermented juice polyphenols, and pericarp 
(the whitish, bitter “cuticle” of the fruit) poly-
phenols. They found that all of these components 
of the pomegranate had signifi cant antitumor 
activity. Human prostate cancer cell xenograft 
growth in vivo was inhibited. Measurements of 
proliferation, cell cycle distribution, apoptosis, 
gene expression, and invasiveness all supported 
this conclusion. Normal prostatic cells were unaf-
fected by the treatments. At this writing, the 
Center for Holistic Urology at Columbia Univer-
sity Medical Center is an active site for a clinical 
trial of pomegranate in 250 patients. The study 
is a randomized, placebo-controlled clinical 
trial of pomegranate juice, pomegranate liquid 
extract, and placebo supplementation in men 
with rising PSA levels after treatment for local-
ized prostate cancer.

Advise patients to add pomegranate to their 
diets as juice or as a whole fruit. Concentrated 
supplements of whole pomegranate fruit are 
available. These appear to be safe for use as a 
dietary supplement, with benefi ts to multiple 
body systems.

Use sparingly Red
meat,
butter

Dairy or calcium
supplement, 1–2 times/day

Fish, poultry, eggs,
0–2 times/day

Nuts, legumes, 1–3 times/day

Vegetables
(in abundance)

Whole grain foods
(at most meals)

Plant oils, including olive,
canola, soy, corn, sunflower,

peanut, and other vegetable oils

Daily exercise and weight control

Fruits, 2–3 times/day

White
rice,
white
bread,
potatoes
and pasta;
sweets

Multiple vitamins
for most

Alcohol in
moderation

(unless
contraindicated)

Figure 11-5. The new food pyramid, created by Walter C. Willett, MD, and colleagues at the Harvard School of 
Public Health. This pyramid refl ects a diet ideal for prostate cancer chemoprevention and is easy for patients to 
understand. (From EAT, DRINK, AND BE HEALTHY by Walter C. Willett, MD. Copyright © 2001, 2005 by the President 
and Fellows of Harvard College.)
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Tomato

Lycopene, the red carotenoid pigment abundant 
in tomatoes, has garnered a good deal of atten-
tion in recent years as a preventive against 
cancer, prostate disease, and cardiovascular 
disease. Epidemiologic studies fi nd that greater 
consumption of foods rich in lycopene correlate 
with reduced risk of prostate cancer and cardio-
vascular disease. Giovannucci’s38 1999 review 
found that 57 of 72 studies revealed inverse 
associations between cancer risk at various sites 
and blood lycopene level, and further investiga-
tions found protective effects of lycopene against 
prostate cancer specifi cally.,39

Lycopene is not an essential nutrient, but is 
a major operator in the body’s antioxidant 
network, protecting lipids, proteins, and DNA 
in circulating blood against free radical damage—
particularly from singlet oxygen. Laboratory 
studies fi nd that lycopene inhibits malignant 

transformation and cancer cell proliferation in a 
highly potent, specifi c manner, and that it is a 
better inhibitor of the cell cycle than beta-
carotene. It is believed to do so by modulating 
transcription factors integral to cell prolifera-
tion.40,41 Lycopene has been found to help restore 
cell membrane structures that enable cell-to-cell 
communication—structures that are more abun-
dant in nonmalignant than malignant cells. It 
also enhances the activity of phase II liver detox-
ifi cation enzymes.

Lycopene inhibits prostate cancer growth in 
vitro,42 and in a rat model, Boileau and asso-
icates43 found that both caloric restriction and 
tomato powder, but not pure lycopene, pro-
tected against prostate carcinogenesis. In an 
investigation by Chen and coworkers,44 32 men 
with prostate cancer were given dishes with 
tomato sauce containing 30 mg of lycopene 
every day for the 3 weeks leading up to prosta-
tectomy. Serum PSA and markers of oxidative 
DNA damage fell in prostatic tissues in men on 
the tomato sauce regimen than in controls (P = 
.0003). In the removed prostates, tumor areas 
of men who had eaten the lycopene-rich diet 
had 3.3-fold the number of apoptotic cells com-
pared with control subjects.

Lycopene may be a benefi cial nutrient to 
supplement, but so far it appears that isolated 
lycopene is a source inferior to a whole-food 
tomato concentrate that contains complemen-
tary nutrients. Advise patients to consume 
tomatoes and tomato products often—daily, if 
possible. Tomato cooked with oil is the most 
bioavailable form in which to get this nutrient 
into the body. Men who wish to supplement 
this nutrient may benefi t more from a whole-
food tomato concentrate than from isolated 
lycopene.

Soy Foods

The epidemiologic link between soy food con-
sumption and reduced risk of prostate and breast 
cancers is well established. Asian men with soy-
rich diets have far less cancer of the prostate 
than do Western men. One often-cited study 
found a 70% reduction of prostate cancer risk 
in American Seventh-Day Adventist men who 
consumed soy milk at least once per day. This 
strong link has led many researchers to investi-
gate soy foods and individual components of soy 
as cancer preventives and as complementary 

Figure 11-6. Ancient painting of a pomegranate tree. 
This painting, dating back to 1570, depicts a woman 
sitting under a pomegranate tree. The tree’s fruits 
symbolize fertility and abundance and have been important 
medicinal plants for most of recorded history. Modern 
research suggests that pomegranate is an important 
source of prostate cancer chemopreventive substances.



Chapter 11 Alternative Medicine for Prostate Cancer: Diet 217

cancer therapies. Genistein is an isofl avone plant 
pigment that has weak estrogenic properties. Its 
best known source is soy. Because of its mild 
hormone-modulating effects, genistein has been 
studied as a potential chemopreventive agent in 
prostate cancer.

Data from investigations into isofl avones 
support their usefulness in a chemoprevention 
program, but more research is needed to deter-
mine effective dosage in supplement form. 
Advise patients to consume soy foods once per 
day, particularly fermented soy foods such as 
miso and tempeh. Patients interested in trying 
genistein-combined polysaccharide (see next 
section) at the recommended dose of 5 grams 
per day should be informed that the cost of this 
supplement may be prohibitive. At this writing, 
a month’s supply can cost up to $600.

Medicinal Mushrooms

Medicinal mushrooms, another aspect that the 
US diet does not share with the Asian diet, have 
a variety of physiologic effects valuable for a 
chemoprevention program. Medicinal mush-
rooms such as shiitake, maitake, and reishi have 
been found to have antitumor and immunostim-
ulant properties. Men will probably reap health 
benefi ts simply from adding shiitake, maitake, 
and reishi mushrooms—good sources of B vita-
mins, fi ber, and antioxidants—to the diet.

Genistein-combined polysaccharide (GCP) 
is a supplement that is a combination of medici-
nal mushroom polysaccharides and genistein 
(Amino Up, Sapporo, Japan), which has been 
found to have potent anticancer effects in vitro. 
Naturally occurring isofl avones are poorly 
absorbed; they exist in soy foods predominantly 
in glycosylated form. GCP, a fermented extract 
of soy and basidiomycetes mycillae, contains 
highly bioavailable isofl avones, and in vivo and 
in vitro studies have found GCP to have potent 
anticancer activity.45

In a case study, which was documented at the 
College of Physicians and Surgeons of Columbia 
University, a male patient with biopsy-proven 
prostate cancer took GCP for 44 days before 
radical prostatectomy. His PSA fell from 19.7 
to 4.2, and no cancer could be observed in his 
radical prostatectomy specimen.46 Further 
research is needed to determine what role GCP 
might have in the prevention and early treat-
ment of prostate cancer.

Active hexose-correlated compound (AHCC), 
another mushroom polysaccharide preparation, 
has been used in conjunction with GCP as a 
complementary therapy for prostate cancer, 
particularly in Japan. AHCC has been found to 
stimulate natural killer cell and macrophage 
activity. Anecdotal reports suggest that it and 
other medicinal mushroom preparations help to 
relieve chemotherapy-related nausea, pain, liver 
damage, and immunosuppression.

Various supplements containing medicinal 
mushroom fractions are available, and may be 
valuable for overall health and immunomodula-
tion. Further research is needed to determine 
the role of isolated mushroom polysaccharides 
in the treatment of early-stage prostate cancer, 
but no harmful effects are likely to come with 
their use by patients who wish to try them. 
Their promise of benefi t appears to outweigh 
any risk.

Cruciferous Vegetables

Consumption of cruciferous vegetables, includ-
ing broccoli, caulifl ower, and cabbage, is inversely 
related to the incidence of prostate cancer. 
Sulfur-containing glucosinolate breakdown 
products indole-3-carbinol (I3C) and sulfora-
phane are phytochemicals found in crucifers, 
and both have been demonstrated to reduce the 
proliferation of prostate cancer in vivo in a dose-
dependent manner. I3C causes growth arrest 
and increases apoptosis; some investigations 
have found that supplemental doses of this 
nutrient chemosensitize chemoresistant pros-
tate cancer cells, aiding in the treatment of 
hormone-resistant cancers.47

Inhibition of Akt and NF-kappaB are putative 
mechanisms for this effect; benefi cial effects of 
cruciferous vegetables on liver detoxifi cation 
enzymes, theoretically improving the body’s 
ability to rid itself of carcinogens, are also sus-
pected to play a role in the chemopreventive 
effects of these foods. Much evidence also points 
to I3C’s effects on estrogen binding and metab-
olism.48,49 A tumor-promoting effect of I3C has 
been found in a few models of chemical carci-
nogenesis, but the general thrust of the research 
suggests broad chemopreventive effects in breast 
and prostate cancers.

Advise patients to consume broccoli, cabbage, 
caulifl ower, kale, mustard greens, bok choy, 
watercress, horseradish, and brussels sprouts, 
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all good sources of this nutrient. Broccoli 
sprouts, which are widely available in super-
markets, are an excellent source of I3C. Sup-
plements of I3C and sulforaphane are available, 
but more research is needed to determine 
whether these supplements are more useful 
chemopreventives than the foods from which 
they are derived.

Fish and Fish Oils

The long-chain omega-3 fats DHA and EPA, 
which are abundant only in fi sh, crustaceans, and 
some forms of algae, have been found to sup-
press cancer initiation, induce apoptosis, and 
counter the enhancing effects of AA on risk of 
atherosclerosis and several cancers, including 
cancer of the prostate. This appears especially 
true when the overall diet is altered to reduce 
intake of red meat, dairy products, hydroge-
nated oil, and highly unsaturated vegetable and 
seed oils—staples of the standard American pro-
cessed-food diet and sources of saturated fats, 
omega-6 polyunsaturated fats, and trans fats.50,51 
These three classes of fat all have been linked 
with increasing incidence of cancer in the pros-
tate and breast.

The short-chain omega-3 found in plant foods 
such as fl ax seeds and ALA has not matched 
DHA and EPA in its chemopreventive effects; 
to act as a substrate for the production of anti-
infl ammatory eicosanoids, ALA must fi rst be 
converted to long-chain omega-3 PUFAs, an 
ineffi cient process. Flax seeds, walnuts, and soy-
beans, the most important dietary sources of 
ALA, are still good foods to include in the che-
moprevention diet, but they should not be relied 
on as sole sources of omega-3 fats.

Numerous investigations have found that 
consumption of fi sh three to four times per 
week confers a signifi cant reduction in prostate 
cancer occurrence (a two- to threefold reduc-
tion in one study and a 40% to 44% reduction 
in risk in two others).52–54

One interesting investigation by Narayanan 
and coworkers55 found that low-dose celecoxib 
plus DHA had a signifi cant anticancer effect on 
prostate cancer cell lines, including enhanced 
apoptosis, favorable effects on NF-kB (the 
number of NK-kBp65-positive cells in nucleus 
versus cytoplasm fell in prostate cancer cells 
treated with omega-3 plus celecoxib [Celebrex] 
in comparison with controls), and inhibitory 

effects on cell growth that lead to apoptosis and 
improved differentiation. Several transcription 
factors were modulated in a benefi cial fashion 
by this intervention. This study provides support 
for an approach involving fi sh oil plus herbal 
COX inhibitors—a topic covered in a later 
section of this chapter.

A 2006 review by the Southern California 
Evidence-Based Practice Center (RAND Health) 
in Santa Monica, California, published in the 
Journal of the American Medical Association, 
found equivocal evidence in favor of a chemo-
preventive role for omega-3 fatty acids in 38 
human studies published between 1966 and 
2005. On the other hand, in vitro and animal 
studies continue to demonstrate signifi cant 
potential for long-chain omega-3 fats in 
chemoprevention.56

Although the chemopreventive value of 
fi sh oil rich in EPA and DHA is strongly sup-
ported by epidemiologic and experimental 
studies, the mechanism of fi sh oil chemoprotec-
tion is not yet well understood. The long-chain 
PUFAs EPA and DHA elicit a decrease in pros-
taglandin E2 (PGE2), which in turn has been 
found to retard the growth of tumor cells. 
Increased lipid peroxidation can be measured 
with long-chain PUFA supplementation; it has 
been postulated that this could enhance tumor 
cell lipid peroxidation enough to enhance 
apoptosis.57

Advise patients that consumption of fatty 
fi sh, such as salmon, sardines, and anchovies, 
two to three times weekly may help to prevent 
or slow the progression of prostate cancer. 
Instruct patients with concerns over media 
reports of mercury and other industrial toxins 
in fi sh that wild-caught salmon, Pacifi c fl ounder, 
Pacifi c sole, herring, king crab, sardines, scallops, 
clams, and anchovies are good choices, and that 
albacore tuna, tuna steaks, mackerel, shark, Gulf 
coast oysters, and swordfi sh should be avoided. 
For further up-to-date information on safe fi sh 
to eat, refer patients to the Web page of Oceans 
Alive, www.oceansalive.org.

Evidence in favor of fi sh oil supplementation 
is adequate to make general recommendations 
for patients to take one supplement daily. Advise 
patients to use a fi sh oil supplement that has 
been purifi ed (pharmaceutical grade or molecu-
larly distilled), that contains an antioxidant such 
as vitamin E or rosemary oil to prevent rancidity, 
and that comes from small, oily cold-water fi sh 
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such as anchovies or sardines. Current guidelines 
indicate that patients may benefi t from 1000 to 
3000 mg per day of combined EPA and DHA, 
with higher EPA than DHA content.

Anti-Infl ammatory Chemoprevention: 
A Role for Herbs

COX-2 is overexpressed in many cancers, 
including prostate cancer, and is a well-
established and signifi cant target for efforts to 
forestall cancer growth. Benign prostate tissue 
in cancerous prostates has been found to have 
low COX-2, suggesting increased activity of the 
enzyme with disease progression. COX-2 over-
expression is a predictor of worse prostate 
cancer outcome.58

Other studies have suggested that angiogen-
esis is orchestrated in part by increased COX-2 
activity and ensuing prostaglandin production, a 
hypothesis supported by the effects of some 
COX-2 inhibitor drugs on the biochemical 
measures of apoptosis. COX-2 inhibitor drug 
celecoxib (Celebrex) has been found to be a 
promising chemotherapy. Inhibition of COX-2 
in animals suppresses angiogenesis and prostate 
cancer growth and enhances sensitivity to radia-
tion therapy.

Lipoxygenase enzymes are also implicated in 
prostate carcinogenesis. 12-Lipoxygenase and 
15-lipoxygenase are pro-infl ammatory and are 
upregulated during prostate cancer progression. 
Pharmaceutical inhibitors of 5-LO and 12-LO 
have, as with inhibitors of COX-2, been found 
to reduce angiogenesis, tumor cell growth, and 
tumor cell motility and invasiveness.59

Thus, the anti-infl ammatory aspect of che-
moprevention appears to be a pivotal one, 
particularly in cases of PIN. PIN, which can 
appear up to 10 years before diagnosable 
cancer and which coexists with cancer in 
more than 85% of cases, offers investigators 
the opportunity to apply chemopreventive mea-
sures when dysplasia is present—the point at 
which prostate carcinogenesis may be at its earli-
est stages.

Manipulation of pro-infl ammatory eico-
sanoids can be achieved through two approaches: 
(1) with manipulation of fatty acid intake, pro-
viding the body with increased substrate for 
the production of anti-infl ammatory eicosanoids, 
which then competitively inhibits formation of 
pro-infl ammatory eicosanoids; and (2) with 

manipulation of COX and LO enzyme isoforms, 
inhibiting those that promote the infl ammation 
found to encourage prostate carcinogenesis. So 
far, it appears that fatty acid intake is a safe and 
effective intervention in this regard. Manipulat-
ing COX and LO with pharmaceutical agents, 
however, has proved to be a less promising 
avenue for chemoprevention. Recent case-
control studies have found signifi cant risks with 
long-term COX-2 inhibitor therapy, with 
increases in mortality and risk of heart failure 
and gastrointestinal bleeding.

Highly specifi c COX-2 inhibition leaves 
other enzymes, such as 5-lipoxygenase, available 
to maintain those infl ammatory “fi res” ignited 
with arachidonic acid, an infl ammation that 
appears to promote cancer and cardiovascular 
disease. For example, a series of studies by 
Myers and Ghosh and colleagues60,61 at the Uni-
versity of Virginia reveal that 5-HETE, a meta-
bolite of 5-LO, is found in 2.2-fold greater 
concentration in malignant prostate tumor tissue 
than in benign tissue. Blocking 5-HETE forma-
tion was found to trigger apoptosis in prostate 
cancer cells; re-introducing 5-HETE rescued 
cancerous cells from apoptosis. The same 
research team found that inhibition of 5-LO 
“triggers massive apoptosis in human prostate 
cancer cells.”60,61

Schroeder and colleagues at the MD Ander-
son Cancer Center have demonstrated that 
“inhibition of the COX pathway by celecoxib 
resulted in a time-dependent activation of the 
LO pathway. Specifi cally, the production of 
multiple LO-metabolites  .  .  .  e.g. 5-HETE, 12-
HETE, and 15-HETE, increased as the PGE2 
level declined  .  .  .  with celecoxib at one micro-
gram, a concentration that is easily achieved in 
patients.”62 It appears that selective inhibition of 
a single pro-infl ammatory enzyme shifts rather 
than decreases infl ammation. Herbal anti-
infl ammatory agents have a broader, less specifi c 
effect (Table 11-5).

Before there were pharmaceuticals, there 
were medicinal herbs. Many modern pharma-
ceuticals are derived from plant medicines that 
have therapeutic value—value that has, in the 
current climate of highly refi ned pharmaceutical 
agents, been underappreciated. However, tradi-
tional Eastern medicinal practices have used 
these unrefi ned plant medicines to control 
infl ammation for far longer than any modern 
drug has existed. Since herbs are increasingly 
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subjected to the rigors of modern studies, the 
research community is beginning to recognize 
their therapeutic value.

Many researchers have explored a variety of 
natural plant extracts and other natural products 
to elucidate their specifi c and nonspecifi c effects 
on COX and LO. Curcumin (turmeric), ginger, 
holy basil, resveratrol (concentrated in grape 
skins), and berberine (from barberry and Chinese 
goldthread) are among the most promising 
candidates in the burgeoning fi eld of herbal 
anti-infl ammatories.

New Chapter, Inc. (Brattleboro, Vermont) is 
a small company that has created a promising 
mixture, Zyfl amend, which is composed of 
these and a few other herbs, most of which have 
nonselective COX-inhibitory effect. Each of the 
mixture’s components has been found to have 
anti-infl ammatory, antioxidant, and/or antipro-
liferative effects. Some are anti-angiogenic.

In 2005, Bemis and associates63 published the 
results of an analysis of Zyfl amend’s effects on 
LNCaP (lymph node carcinoma of the prostate) 
cells. The supplement brought about a dramatic 
drop in both COX-1 and COX-2 activity; 
increased p21 expression; attenuated cell 
growth; and induced apoptosis. It is interesting 
that the effect of the supplement on LNCaP 
cells appeared to be due to COX-independent 
mechanisms, including enhanced expression of 
p21 and reduced expression of androgen recep-
tor (AR), pStat3, and PKC alpha and beta.

At this writing, a phase I clinical trial is being 
performed at Columbia in men with PIN to 
determine whether Zyfl amend can infl uence the 
progression of biopsy-proven high-grade PIN to 
prostate cancer.64 Patients are between ages 40 
and 75 years (median age: 65.1), with high-

grade PIN without prostate cancer on biopsy 
within 6 months before enrollment. They have 
been assigned to one of eight treatment groups, 
with successive dose escalation in each group. 
They are evaluated every 3 months for 18 
months and monitored for toxicity, PSA and 
testosterone fl uctuations, and infl ammatory 
markers in serum. Twelve-core transrectal ultra-
sound-guided prostate biopsies are performed at 
6, 12, and 18 months, and cores are evaluated 
for PIN and prostate cancer, then stained for 
infl ammatory markers. The protocol being used 
for this study includes Zyfl amend, DHA, and 
additional supplements including holy basil, tur-
meric, Baikal skullcap, green and white tea 
extracts, a probiotic supplement, and a male-
specifi c multivitamin. All supplements are 
manufactured and supplied by New Chapter, 
Inc., Brattleboro, VT.

Preliminary results are promising.63 At the 
end of 2006, 26 patients had had at least two 
follow-up visits; 13 had decrease in PSA, with 
46% of those patients having more than a 10% 
decrease and 27% having more than a 50% 
decrease. Thirty-fi ve biopsies had been per-
formed on 21 patients at that juncture, and 31 
of these showed no cancer development; 21 of 
the 35 biopsies showed neither PIN nor cancer, 
suggesting a reversal of PIN. The four patients 
who had developed cancer, according to this 
preliminary data, had very small tumors with 
Gleason scores of 6 or less and good prognosis. 
One 66-year-old patient had multiple areas of 
PIN on entering the study, with a starting PSA 
of 12.2; 1 year later, his PSA had descended to 
10, and all three biopsies showed no cancer and 
no PIN. At this time complete biopsy results are 
not yet available.

Table 11-5. Herbal Combination Zyfl amend Inhibits Cyclooxygenase Activity

Percent Inhibition

COX-1 COX-2

Zyfl amend (0.90 μL/mL) 73.8 ± 1.83 85.7 ± 5.60
Zyfl amend (0.45 μL/mL) 36.5 ± 10.46 80.9 ± 12.00
NS-398 (0.15 μM) ND 52.5 ± 21.26
Indomethacin (6 μM) 45.0 ± 23.32 58.0 ± 13.18

Zyfl amend inhibits COX-1 and COX-2 enzyme activity, as determined using purifi ed ovine COX-1 and COX-2 colorimetric screening assay (Cayman 
Chemical, Michigan).
Findings are reported as means and SEM; n = 3 for all data points.
NS-398, specifi c COX-2 inhibitor; indomethacin, nonspecifi c COX-2 inhibitor; ND, not determined.
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The individual components of Zyfl amend 
include:

Turmeric (Curcuma longa). India has one of 
the world’s lowest rates of prostate, colorectal, 
and lung cancers, and dietary factors are believed 
to play a role in this reduced risk (Fig. 11-7). 
Indian cuisine incorporates a great deal of 
turmeric, a bright yellow spice rich in curcumin 
(diferuloylmethane). Curcumin has COX-2 
inhibitory activity and has been determined to 
have chemopreventive and anti-infl ammatory 
activities in multiple prostate cancer cell lines. 
Turmeric has also been shown to decrease pro-
liferative potential and induce apoptosis in both 
androgen-dependent and androgen-independent 
prostate cancer cells in vitro.65

Curcumin has been determined to have che-
mopreventive and growth-inhibitory activity 
against multiple tumor cell lines. Stanford 
researchers have elucidated one possible mecha-
nism for these effects: an upregulation of MAP 
kinase phosphatase-5 (MKP5), which in turn 
reduces cytokine-induced NF-kB, COX-2, IL-6, 
and IL-8 in normal and cancerous prostate cells. 
Resveratrol and [6]-gingerol—both of which are 
discussed later in this chapter—were found to 
have the same effect.66

Curcumin has also been found to be a potent 
radiosensitizer that enhances radiation-induced 
clonogenic inhibition in tumor cells.67 At Colum-
bia, Dorai and colleagues68 found that curcumin 
modulates proteins that suppress apoptosis 

and interferes with growth factors that promote 
cancer progression.

Resveratrol from Hu Zhang (Polygonum 
cuspidatum). Resveratrol is a phenolic antioxi-
dant abundant in grape skins and the putative 
reason for the cardiovascular health benefi ts of 
moderate red wine consumption. Hu zhang is 
the Chinese (pinyin) name for the herb Poly-
gonum cuspidatum, which contains signifi cant 
amounts of resveratrol. Anticancer effects of 
resveratrol are supported by epidemiologic, 
experimental, and clinical investigations. Effects 
specifi c to the prostate include alteration of the 
activity of p53 and activation of a cascade of 
genes involved in cell cycle arrest and apopto-
sis.69 At nutritionally relevant concentrations, 
resveratrol inhibits NF-kappaB, which in turn 
attenuates tumor necrosis factor (TNF)-alpha–
induced infl ammation.70

Green Tea. In cultures where green tea is 
consumed often, incidence of and mortality from 
prostate cancer is signifi cantly lower. A Journal 
of Nutrition report observed that the equivalent 
of six cups of green tea daily “signifi cantly inhib-
its [prostate cancer] development and metasta-
sis.”71 The antioxidant content of green tea is 
remarkable, and some 51 compounds with anti-
infl ammatory activity have been identifi ed in this 
centuries-old beverage. Several targets for green 
tea compounds have been elucidated with regard 
to prostate cancer prevention:

Figure 11-7. Turmeric and holy basil, medicinal herbs from the Ayurvedic tradition. Both these herbs have anti-
infl ammatory and antioxidant effects that may aid in prostate cancer chemoprevention.
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■ Green tea polyphenols downregulate orni-
thine carboxylase, which is overexpressed in 
prostate cancer patients.

■ Green tea phytochemicals reduce concentra-
tions of angiogenic vascular endothelial growth 
factor (VEGF) and reduce metastasis-related 
gene expression (matrix metalloproteinases 
MMP-2 and MMP-9).71

■ Epigallocatechin-3-gallate (EGCG) from 
green tea inhibits the growth of both andro-
gen-sensitive and androgen-insensitive pros-
tate cancer in animal studies.72

■ EGCG induces apoptosis and alters expres-
sion of regulatory proteins that are critical for 
cell survival in ways that indicate promise for 
this compound as an adjunct therapy for pros-
tate and breast cancers.73

One recent study by Hussain and coworkers74 
from the University of Wisconsin, which was 
published in the International Journal of Cancer, 
found that EGCG selectively inhibits COX-2 in 
both hormone-sensitive and hormone-refractory 
human prostate cancer cells.

Most men will not drink six cups per day of 
green tea; therefore, supplementation with a 
concentrated extract appears to be an important 
aspect of herbal chemoprevention.

Chinese Goldthread and Barberry. This 
herbal combination is rich in berberine, an anti-
biotic, anti-infl ammatory, antidiabetic isoqu-
inoline alkaloid.75 Berberine has demonstrated 
antitumor properties in some in vitro systems, 
inducing cell cycle arrest and apoptosis and 
inhibiting DNA synthesis in human prostate 
cancer cells.76

Golden Root (Scutellaria baicalensis). This 
traditional Chinese herbal medicine has been 

investigated by modern scientists for its anti-
infl ammatory and free radical-scavenging proper-
ties. It has anti-androgenic and growth-inhibitory 
effects in prostate cancer models.77,78 Golden 
root contains several unique fl avonoids, including 
baicalin, baicalein, oroxylin A, scullcapfl avone, 
and wogonin; several of these fractions have 
inhibitory effects on prostate carcinogenesis and 
prostate cancer growth. Baicalin has been found 
to interfere with the infl ammatory cascade by 
binding to chemokines.79

Holy Basil (Ocimum sanctum). This tradi-
tional Ayurvedic herb has antidiabetic, wound-
healing, antioxidant, and cardioprotective 
properties. It contains ursolic acid, a known 
inhibitor of COX-2.80

Ginger. This root fl avors many cuisines and has 
been an herbal medicine since antiquity. It is used 
to treat nausea, motion sickness, upper respira-
tory infection, and intestinal parasites. Modern 
investigators have discovered in this rhizome 
more than 20 phytochemicals that inhibit COX-2 
and 5-LO. Ginger constituents have potent anti-
oxidant and anti-infl ammatory activities; some, 
such as shogaols and vallinoids [6]-gingerol and 
[6]-paradol, exhibit cancer-preventive activity in 
experimental carcinogenesis. This herb’s chemo-
preventive effects have been illustrated in a 
variety of experimental models.81

Zyfl amend is a potent but gentle herbal com-
bination that may have signifi cant effect on the 
progression of PIN to prostate cancer and on the 
recurrence of prostate cancer (Table 11-6). In 
studies performed at Columbia, the supplement 
is being used as part of a larger protocol.

Saw palmetto, usually used as a natural 
therapy for BPH, appears also to have prostate-

Table 11-6. Zyfl amend Prevention Protocol for Prostatic Introepithelial Neoplasia

Supplement Dosage

Zyfl amend 1 capsule with each meal (3 total)
Supercritical DHA 100 1 capsule with lunch
Supercritical Holy Basil 1 capsule with lunch
Turmericforce 1 capsule with lunch
Baikal skullcap 1 capsule with lunch
Green and white tea extract 1 capsule with lunch
Anti-aging formula probiotic with a purpose 1 capsule with breakfast
Every Man one daily multivitamin 1 tablet with breakfast

All supplements supplied by New Chapter, Brattleboro, Vermont.
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chemopreventive potential. This herb has been 
found to inhibit the conversion of testosterone 
into DHT; it also has been found to lower pros-
tate levels of epidermal growth factor as it 
enhances men’s levels of free testosterone.82

Prostabel, an herbal combination containing 
extracts of Pao pereira (an Amazonian tree) and 
Rauwolfi a vomitoria (from the bark of a sub-
Saharan plant), was created by the late molecu-
lar biologist Mirko Beljanski. These plants have 
been used in indigenous medical traditions for 
hundreds of years; Beljanski found that they had 
anticancer activities in various cancer cell lines, 
including prostate cancer. Investigations at 
Columbia have revealed that both Rauwolfi a 
and Pao extracts suppress prostate tumor cell 
growth in culture and in vivo. At this writing, 
Katz and colleagues83 of Columbia are enrolling 
patients with elevated PSA and negative biopsy 
results for a phase I study of Prostabel; seven 
regimens of prostabel are being used, with sub-
jects taking from two to eight capsules daily.

The herbs listed here are relatively free of 
interactions with prescription drugs. Turmeric 
may potentiate antiplatelet activity in patients 
on antiplatelet agents; ginger and turmeric may 
potentiate the effects of blood thinners. Patients 
should be advised that herbs and drugs can inter-
act in harmful ways and that they should reveal 
the use of all medications and supplements to 
their medical team so that these kinds of inter-
actions can be avoided.

Individual Micronutrients 
as Chemopreventives

According to a survey by the American Institute 
of Cancer Research (AICR), roughly half of 
adults over age 45 take multivitamins specifi -
cally to lower their risk of developing cancer. In 
this same survey, 23% to 36% of subjects 
reported using other supplements for the same 
purpose.84

With the ever-increasing popularity of nutri-
tional supplementation, patients are likely to ask 
their medical team about which might benefi t 
their prostate condition. Many advertisements 
and pseudo-news articles offer consumers vague, 
exaggerated, or even patently false information 
about these products. Nutritional products and 
product claims are not as closely monitored by 
regulatory agencies, and patients can waste time 
and resources trying to fi nd something that helps 

them get well. A physician who can give sound, 
research-based advice on nutritional supple-
ments is a valuable ally to patients.

No single nutrient has been found to stand 
alone as a chemopreventive agent. Current evi-
dence in favor of individual nutrients from 
animal and in vitro models notwithstanding, the 
synergistic action and interaction of a wide spec-
trum of micronutrients constitute the most 
likely reason for the health benefi ts of disease-
preventive foods—not the isolated action of any 
one or two nutrients therein.

Nevertheless, the evidence does point strongly 
to the supplemental use of a handful of nutri-
ents, in addition to a diet composed of benefi cial 
and nutrient-dense foods. Vitamin E, selenium, 
vitamin D, and calcium all appear to play roles 
in prostate health. Supplementation of some of 
these vitamins and minerals may be appropriate 
as part of a chemopreventive program.

Vitamin E

In the Alpha-Tocopherol, Beta-Carotene 
(ATBC) Study, 29,133 male smokers received 
daily doses of 50 mg alpha-tocopherol, 20 mg 
beta carotene, both, or a placebo for 5 to 8 years. 
Although beta carotene had no effect on pros-
tate cancer risk—and it increased risk of lung 
cancer and total mortality in this cohort—alpha-
tocopherol supplementation reduced risk of 
prostate cancer by 32%.85 Other research by the 
same Finnish investigators found that higher 
circulating concentrations of alpha-tocopherol 
and gamma-tocopherol, the major vitamin E 
fractions, correlated with reduced risk of 
prostate cancer. The odds ratio with alpha-
tocopherol in this study was 0.49, and for 
gamma-tocopherol, 0.57.86 A role for alpha- and 
gamma-tocopherol in prostate cancer chemo-
prevention is further supported by the results of 
serum case-control studies.

Inhibitory effects of vitamin E on prostate 
carcinogenesis are probably attributable to its 
antioxidant effect in membrane phospholipids; 
animal and preclinical studies fi nd that vitamin 
E also has direct antiproliferative effects unre-
lated to its antioxidant capacity.87

Follow-up analysis of the cohort involved in 
the ATBC studies found that the risk ratio for 
prostate cancer rose again to 0.94 in the 6 years 
following the end of the supplementation pro-
tocol, suggesting that continual supplementation 
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with vitamin E is necessary for chemopreventive 
effects in the prostate.

Vitamin E is a general term referring to a 
class of related compounds, including alpha-, 
beta-, gamma-, and delta-tocopherol and 
alpha-, beta-, delta-, and gamma-tocotrienols. 
Alpha-tocopherol has the highest biologic activ-
ity of all of these compounds. In foods, vitamin 
E exists as a mixture of these various com-
pounds, each of which ongoing study fi nds to 
have unique and interactive effects.

Men should take a minimum of 240 interna-
tional units (IU) of vitamin E daily as mixed 
tocopherols (alpha and gamma in particular). A 
recent analysis found that more than 400 IU per 
day increased all-cause mortality and heart 
failure incidence; it seems prudent to limit the 
dose in light of this fi nding.

Selenium

This essential trace mineral lends redox poten-
tial to vitamin E. The amount obtained in the 
diet can vary widely due to variations in sele-
nium content of soil in different parts of the 
world where food is grown. Population studies 
consistently show that men with higher intake 
of selenium have lower risk of cancer of the 
prostate and that men with prostate cancer have 
lower selenium levels than men who do not have 
the disease.

In 1996, the Nutritional Prevention of Skin 
Cancer study found that although daily sele-
nium supplements did not protect against non-
melanoma skin cancer, it reduced prostate 
cancer risk substantially. Supplementation for 
6.5 years correlated with a 60% reduction in the 
number of new cases of cancer of the prostate 
in comparison with placebo, and 7.5 years of 
supplementation yielded 52% fewer cases com-
pared with placebo. These investigators used a 
form of selenium that had been fermented with 
Saccharomyces cerevisisae yeast, a process that 
increases the nutrient’s bioavailability.88 These 
results, and the overall reduction in the risk of 
other cancers, were so promising that the control 
arm of the trial was stopped early. Further 
investigations into selenium for chemopreven-
tion are ongoing.89,90

Other studies demonstrate that selenium 
supplementation alone may slow prostate 
cancer growth or aid in prevention of recur-
rence. In one study, 974 men with a history of 

prostate cancer received 200 mcg of selenium a 
day or placebo. With about 4½ years of treat-
ment and a 6½-year follow-up, the authors 
concluded that selenium treatment was associ-
ated with a 63% reduction in prostate cancer 
recurrence.

Laboratory studies have determined that sele-
nium inhibits the growth of prostate cancer 
cells91 and that selenium potentiates vitamin E-
induced inhibition of prostate cancer cell 
growth.92 Vitamin E plus selenium has been 
found to induce cellular arrest in abnormal cells. 
Five of six biomarker-based studies found an 
association between selenium intake and either 
reduced risk of prostate cancer or a nonsignifi -
cant trend toward lower risk of the disease.93–97

The Selenium and Vitamin E Chemopreven-
tion Trial (SELECT), slated to yield results 
beginning in 2008 or 2009, closed enrollment in 
2004. SELECT, the largest prevention trial ever 
undertaken using a drug or nutrient, involves 
32,400 men age 55 and older (50 and older for 
African Americans) at 435 research centers in 
the United States, Puerto Rico, and Canada. 
Subjects receive 200 μg selenium daily, 400 IU 
of vitamin E, both nutrients, or two placebo 
capsules.

Men should take 200 μg of selenium with 
their vitamin E daily.

Calcium and Vitamin D

Current guidelines for calcium intake for osteo-
porosis prevention recommend that men over 
50 take 1200 mg of this mineral daily. However, 
in epidemiologic studies of calcium intake from 
diet and supplements, men with the highest 
intake of calcium have signifi cantly elevated risk 
of prostate cancer.98,99 The interplay between 
vitamin D and calcium is probably the reason 
behind this association. High calcium intake 
reduces the production of 1.25(OH)2 vitamin 
D, which has antiproliferative, differentiating, 
and antimetastatic effects.

The intake of calcium found to raise the risk 
of prostate cancer was well above 1200 mg; 
intake of over 2000 mg calcium per day from 
food and supplements elevated men’s risk of 
this disease to varying extents, with risk ratios 
for prostate cancer ranging from 1.2 in the 
86,404 men enrolled in the CPS-II Nutritional 
Cohort to 1.71 in the Physicians’ Health Study. 
The risk ratio for metastatic disease was found 
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to be 2.97 in the latter investigation. A very 
small proportion of men—1% of study sub-
jects—consumes enough calcium to raise risk of 
prostate cancer, but the link does exist, and it 
is consistent.

Ensure that patients recognize the upper limit 
for calcium intake. If the patient consumes a 
great deal of dairy along with a calcium supple-
ment, it may be prudent to evaluate that patient’s 
diet and work with him to reduce calcium 
intake.

Inositol Hexaphosphate (IP6) Plus Inositol

IP6 is a derivative of the B vitamin inositol. It is 
abundant in cereals, legumes, soy, and other 
fi ber-rich foods. In vitro and in vivo studies have 
found that IP6 has remarkable anticancer effects 
and no toxicity and that it enhances the differ-
entiation of prostate, colon, breast, and rhabdo-
myosarcoma cells.

In their excellent review on the subject, 
Vucenik and Shamsuddin100 point out that IP6 
has been observed to interfere with carcinogen-
esis and proliferation in mouse, human, and rat 
prostate cancer cell lines and that this nutrient 
appears most effective when paired with inosi-
tol. They exhaustively list the potential mecha-
nisms by which IP6 plus inositol appear to work 
to prevent prostate cancer progression: targeting 
of molecular events associated with prostate 
carcinogenesis, including mitogenic and survival 
signaling and cell cycle progression and chelation 
of iron, which suppresses formation of hydroxyl 
radicals.101 Shamsuddin and colleagues102 have 
found a strong effect of inositol hexaphosphate 
on PC-3 cells in vitro, affecting growth inhibi-
tion and differentiation. A signifi cant dose- 
and time-dependent growth inhibition was 
observed.

IP6 enhances natural killer cell activity. Baten 
and coworkers103 illustrated this by depressing 
natural killer cell activity with colon carcinogen 
DMH (1,2-dimethylhydrazine) and then treat-
ing the culture with IP6. The treatment reversed 
natural killer cell depression and enhanced 
the potency of natural killer cells in a dose-
dependent fashion.

Dosages of IP6 range between 2 grams and 8 
grams daily. IP6 should be taken separately from 
multivitamins or minerals due to its tendency to 
bind to minerals in the GI tract, reducing their 
bioavailability.

Conclusion

Nutritional and herbal interventions in early 
prostate cancer and PIN enjoy strong support 
in the published research. The interventions 
described in this chapter are benefi cial for mul-
tiple body systems, including the endocrine, 
cardiovascular, immune, and nervous systems.

In a series of studies, Demark-Wahnefried 
and associates103 of the Duke University Program 
of Cancer Preventive, Detection and Control 
Research have pointed out the growing role of 
oncologists as advisors and supporters of cancer 
patients who will greatly benefi t from long-term 
diet and lifestyle changes. According to their 
review article on the subject, cancer survivors 
frequently initiate diet, exercise, and other life-
style changes after the “wakeup call” of diagno-
sis, but that older men and less educated men 
are less likely to do so. They found, in reviewing 
relevant studies from 1966 to the present, that 
only 25% to 42% of cancer survivors consume 
adequate fruits and vegetables and that some 
70% of prostate and breast cancer survivors are 
obese or overweight. They write, “Oncologists 
can play a pivotal role in health promotion, yet 
only 20% provide such guidance.”104

With the number of cancer survivors continu-
ally rising thanks to early detection and improved 
treatments, and with our increasing understand-
ing of the benefi ts of dietary changes and nutri-
tional interventions in early-stage cancers, the 
time has come for oncologists to add this role to 
their many others in patient care and support.

At this writing, clinical research into the use 
of such therapies in early prostate cancer and 
PIN is young. Much more of this kind of research 
is imperative for the creation of consistent and 
effective protocols for chemoprevention–not 
just of prostate cancer, but of other cancers as 
well. Recommendations for standardization and 
dosages of herbal medicines are often frustrat-
ingly diffi cult to determine because of the lack 
of this kind of research. Still, the benefi ts of 
herbal and nutritional chemoprevention appear 
to greatly outweigh any harm that could come 
to a patient, particularly in the earliest stages of 
detectable disease, where “watchful waiting” 
would be the most likely intervention.
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Controversies in 
Prostate Cancer

Adam W. Levinson

Introduction

Prostate cancer is the most common nonderma-
tologic malignancy of American men and the 
second leading cause of cancer-related death. In 
2008, 186,320 American men will be diagnosed 
with prostate cancer and 28,660 will die of the 
disease1 (Fig. 12-1). One in six men will be 
diagnosed with prostate cancer during their life-
time, and the true prevalence of prostate cancer 
is even higher, since autopsy studies demon-
strate that more than 40% of men older than 50 

● Prostate cancer is the most common nondermatologic 
cancer and the second most common cause of cancer 
deaths in men in the United States.

● There are many controversies involving the treatment 
of clinically localized prostate cancer.

● Men with prostate cancer are ideal candidates for che-
moprevention with nutrition because of the disease’s 
long latency, high incidence, and strong correlation with 
specifi c dietary factors.

● Finasteride decreases the overall detection rate of pros-
tate cancer, but increases the detection of high-grade, 
more clinically signifi cant prostate cancer.

● Prostate-specifi c antigen (PSA) testing has dramatically 
transformed the diagnosis and treatment of prostate 
cancer.

● There is insuffi cient evidence to recommend either 
for or against routine prostate cancer screening with 
PSA.

● Radical prostatectomy and radiation therapy—whether 
by external-beam or brachytherapy—are the two most 
widely accepted and rigorously assessed therapies for 
localized prostate cancer.

● External-beam radiation therapy must be given in a 
total dosage of at least 72 Gy to be suffi cient to treat 
prostate cancer.

● Brachytherapy is best suited as a monotherapy for low-
risk, localized prostate cancer.

● All therapeutic modalities for prostate cancer lead to 
some degree of urinary and sexual dysfunction, though 
at different temporal evolutions.

● Comparing oncologic outcomes of radiation therapy 
with outcomes of surgery is challenging because of 
selection biases, era of treatment, and differing defi ni-
tions of biochemical failure.

● Radical prostatectomy, brachytherapy, and external-
beam radiation therapy have generally equivalent onco-
logic outcomes when modern dosages (more than 
72 Gy) of radiation are used, although a slight advan-
tage to radical prostatectomy may exist.

● Radical retropubic prostatectomy is the gold standard 
surgical therapy for prostate cancer.

● Minimally invasive prostatectomy—laparoscopic or 
robot-assisted—has less blood loss and a shorter conva-
lescence than radical retropubic prostatectomy.

● All surgical approaches are likely to have identical onco-
logic and functional outcomes when surgeons with 
equivalent experiences are compared.

● The ablative therapies of high-intensity focused ultra-
sound and cryotherapy are promising, but remain 
experimental as fi rst-line modalities.

K E Y  P O I N T S

and 75% of men older than 80 harbor evidence 
of the disease.2–6 Despite the nearly ubiquitous 
incidence of prostate cancer and the millions of 
dollars poured into research to study the disease, 
expert urologic and radiation oncologists still 
disagree on many issues.

This chapter reviews the major areas of con-
troversy in the fi eld of prostate cancer and 
attempts to provide a balanced overview of 
many of the topics presented in this book. We 
begin with a brief overview of the preventive 
possibilities for prostate cancer and then tackle 
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the larger questions, including the two biggest 
questions in prostate cancer: Whom do we need 
to treat, and, if we do treat, what is the best 
treatment? We conclude with topics of dispute 
that surround the newer, minimally invasive, 
therapeutic modalities for the treatment of 
localized prostate cancer.

Diet

Although family history has long been considered 
a primary risk factor for the development of pros-
tate cancer, along with race and age, it is only 
recently that a variety of single-nucleotide poly-
morphisms have been identifi ed as high-risk 
inherited factors for the disease, playing a role in 
as many as 48% of incident cases.7–10 The infl u-
ence of diet and environment, however, has not 
always been as readily appreciated in the patho-
genesis of prostate cancer. Nevertheless, there is 
strong epidemiologic evidence that environmen-
tal factors, including diet, play a key role in the 
transformation and/or progression of latent pros-
tate cancer or high-grade prostatic intraepithelial 
neoplasia into clinically apparent invasive pros-
tate cancer. Much of this evidence comes from 

epidemiologic studies of migrant families. For 
example, whereas prostate cancer is relatively 
rare in both native Chinese and Japanese popula-
tions, immigration studies revealed an increase 
in the incidence of prostate cancer among these 
nationalities one generation after migration to the 
United States. In fact, the rates become similar 
to those of American men of either Caucasian or 
Hispanic ethnicity.11,12 The opposite is true of 
Scandinavians, who have a higher rate of prostate 
cancer in their home country, but whose rate 
drops to American rates after one generation.13

In addition to showing a high incidence in 
many countries, prostate cancer has a long latency 
period between histologic evidence of the disease 
and the development of clinical symptoms or 
death. These factors—high incidence, long latency, 
and strong environmental infl uence—make pros-
tate cancer an ideal target for chemopreventive 
approaches, such as dietary modulation.

However, despite the strong circumstantial 
and epidemiologic evidence of environmental 
and dietary factors in the pathogenesis of pros-
tate cancer, little traction has been gained by 
proponents of dietary modulation in prostate 
cancer prevention. Although many foods and 
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diets have been studied, only a few have been 
rigorously examined and even fewer have led 
conclusively to positive results. The one chemo-
preventive agent that has been rigorously inter-
rogated and found to have “positive” results—
fi nasteride—has its own issues, which are 
covered separately in the next section.14 A few 
of the most studied dietary modulations are dis-
cussed in the following text, and a thorough 
review of the impact of diet on prostate cancer 
is available in Chapter 11 of this book.

Lycopene, Selenium, and Vitamin E

Lycopene is the red-orange carotenoid pigment 
found abundantly in processed tomato products, 
such as tomato sauce and ketchup (Table 12-1). 
It is a powerful antioxidant and has been 
examined as a preventive agent against cancer, 
prostate disease, and cardiovascular disease. 
Moreover, there is some epidemiologic and 
interventional evidence to support the use of 
lycopene against prostate cancer. A large 1999 
review found that 57 of 72 studies revealed 
inverse associations between cancer risk at 
various sites and blood lycopene level, and 
further investigations found protective effects of 
lycopene against prostate cancer specifi cally.15–17 
In 2003, Kim and associates published a small 
interventional trial that found that tomato sauce 
consumption before prostatectomy decreased 
serum prostate-specifi c antigen (PSA) and 
decreased oxidative DNA damage.18,19

Selenium and vitamin E also were studied 
recently for possible prevention of prostate 
cancer in the Selenium and Vitamin E Chemo-

prevention Trial (SELECT). SELECT was the 
largest prevention trial ever undertaken using a 
drug or nutrient and was slated to yield results 
in 2012. It was designed to involve 32,400 men 
aged 55 and older (50 and older for African 
Americans) at 435 research centers in the United 
States, Puerto Rico, and Canada. The evidence 
for selenium derives its origin from the Nutri-
tional Prevention of Cancer Trial, a randomized 
study of oral selenium in patients with nonmela-
noma skin cancer whose primary endpoint was 
recurrence of skin cancer. Although the study 
demonstrated no signifi cant effect on skin cancer 
recurrence, daily supplementation with sele-
nium signifi cantly reduced prostate cancer inci-
dence after a mean follow-up of 7.4 years.20 In 
subsequent biomarker-based studies, selenium 
was associated with either a signifi cantly lower 
risk of prostate cancer or a trend toward lower 
risk.21,22 As for vitamin E, a similarly non–
prostate cancer-based study provides much of 
the impetus for current research. In the Alpha-
Tocopherol, Beta-Carotene (ATBC) Study, 
29,133 male smokers received daily doses of 
alpha-tocopherol (a form of vitamin E), beta 
carotene, both, or a placebo. Although beta car-
otene had no effect on prostate cancer risk, 
alpha-tocopherol supplementation reduced the 
risk of prostate cancer by 32%.23

Subjects in the SELECT trial received daily 
doses of 200 μg of selenium, 400 IU of vitamin 
E, both nutrients, or two placebo capsules. 
Caution was taken, however, because a recent 
randomized controlled trial found that 400 IU 
or more of vitamin E per day increased all-cause 
mortality and heart failure incidence.24

Unfortunately, the medium-term results of 
the SELECT trial were so poor that the indepen-
dent data and safety monitoring committee rec-
ommended early termination of the study and 
published the results ahead of schedule. In the 
fi nal analysis of 35,533 men, after a median of 
5.5 years of follow-up, neither selenium nor 
vitamin E, alone or in combination, had any pre-
ventative effect on the development of prostate 
cancer. In fact, in absolute numbers, more men 
who were given either the selenium or vitamin 
E developed prostate cancer than those given a 
placebo, and the increase in risk with vitamin E 
was nearly statistically signifi cant (P = .06). In 
addition, men in the vitamin E group had a 
dubious trend toward developing type 2 diabetes 
(P = .16). A second large randomized study, the 
Physicians’ Health Study II Randomized Con-

Table 12-1. Lycopene Content of Various Foods

Food
Lycopene Content 

(mg/100 g)

Tomatoes, raw  0.9–4.2
Tomatoes, cooked  3.7–4.4
Tomato sauce  7.3–18.0
Tomato paste  5.4–55.5
Tomato soup (condensed)  8.0–10.9
Tomato juice  5.0–11.6
Catsup  9.9–13.4
Watermelon, fresh  2.3–7.2
Papaya, fresh  2.0–5.3
Grapefruit, pink/red  0.2–3.4

From Miller EC, Giovannucci EL, Erdman JW, Jr, et al: Tomato 
products, lycopene, and prostate cancer risk. J Urol Clin N Am 29:88–
93, 2002, Table 2.
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trolled Trial, looked at the effects of vitamin C 
and vitamin E on prostate cancer development, 
and these results were published simultaneously 
with the SELECT results in JAMA. In this study 
also, after a mean of 8.0 years of follow-up, no 
benefi cial preventative effect of either vitamin E 
or vitamin C was identifi ed.25,26

Other Dietary Associations

Other less rigorously analyzed possible targets 
for chemoprevention include pomegranate ex -
tract, soy proteins, holy basil, fi sh oils, mush-
rooms, green tea, and others; clinical trials are 
ongoing in all of these areas.27–31 Time will tell 
which, if any, will prove to be of benefi t.

Obesity and fat intake have unclear associa-
tions with prostate cancer. There is, at best, a 
questionable association between increased 
dietary fat and prostate cancer, gained mainly 
from observational studies.4,32–35 The association 
of decreased prostate cancer-specifi c mortality 
with increasing amounts of omega-3 fatty acids 
seems more promising.36

It is possible that high amounts of dietary 
calcium and vitamin D actually promote pros-
tate cancer. Current guidelines for calcium 
intake for osteoporosis prevention recommend 
that men over 50 take 1200 mg of calcium daily. 
However, in epidemiologic studies of calcium 
intake from diet and supplements, men with the 
highest intake of calcium have signifi cantly ele-
vated risk of prostate cancer.37,38

Overall, most of the data for chemopreven-
tion and dietary modulation either has been 
grossly negative or is promising but immature. 
However, one chemopreventive—fi nasteride—
has been rigorously studied and found to be 
“successful” in a controversial randomized trial.

Role of Finasteride in Prevention of 
Prostate Cancer

The Prostate Cancer Prevention Trial

Is it possible to prevent prostate cancer? This is 
a complex question that goes to the heart of a 
raging debate within the urologic oncology com-
munity. In 2003, the results of the Prostate 
Cancer Prevention Trial (PCPT) were pub-
lished.14 This was a well-run study that ambi-
tiously went past the persistent unanswered 
questions surrounding screening and treatment 

and attempted to discover whether a chemo-
therapeutic regimen could prevent the diagnosis 
of prostate cancer. The therapy of choice was 
fi nasteride, a 5α-reductase inhibitor that is known 
to shrink the size of prostate glands and is more 
commonly used in the medical management of 
benign prostatic hypertrophy. 5α-Reductase 
blocks the conversion of testosterone to the more 
potent androgen, dihydrotestosterone. The sig-
nifi cance of the study fi ndings is hotly debated.

Overview of the Study

A brief overview of the PCPT is necessary to 
understand the controversy surrounding fi naste-
ride: Between January 1994 and May 1997, 
nearly 19,000 men were randomized to receive 
daily fi nasteride (n = 9459) or daily placebo 
(n = 9423) for a duration of 7 years (Fig. 12-2). 
As part of the study design, patients received 
prostate biopsies either for “cause” (determined 
by a rise in actual or adjusted PSA or by an 
abnormal digital rectal examination [DRE]) or 
at the end of the 7-year study period. Through 
biopsy, prostate cancer was detected in 803 of 
4368 men (18.4%) taking fi nasteride compared 
with 1147 of the 4692 men (24.4%) in the 

9423 
Placebo

18,882 Men
randomized

Enrollment

9459
Finasteride

Annual PSA
and digital

rectal exam
for 7 years

End-of-study
biopsy

End-of-study
biopsy

Figure 12-2. Scheme for the Prostate Cancer 
Prevention Trial. (From Canby-Hagino E, Hernandez J, 
Brand TC, Thompson I: Looking back at PCPT: looking 
forward to new paradigms in prostate cancer screening 
and prevention. Eur Urol 51:27–33, 2007, Figure 1.)
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placebo group. This was equivalent to a nearly 
25% reduction in the prevalence (or perhaps 
better stated, detection rate) of prostate cancer 
in the fi nasteride group (P < .001). As expected, 
men in the fi nasteride group had less benign 
prostatic hypertrophy-related symptoms, but 
more sexual side effects. They also had glands 
roughly 25% smaller than the men in the placebo 
group. These facts are not in dispute.

The controversy begins in regard to patients 
with high-grade prostate cancer, which is the 
type that would be more likely to lead to clini-
cally relevant cancer. Although the overall detec-
tion rate of prostate cancer was lower in the 
fi nasteride group, the prevalence of Gleason 
grade 7–10 cancers was higher: 6.4% in the fi n-
asteride group compared with 5.1% in the 
placebo group. It could be argued, therefore, 
that fi nasteride prevented only the clinically 
insignifi cant cancers and either increased the 
number of clinically signifi cant cancers or, at 
best, did not decrease them. This fi nding has 
dampened the enthusiasm for fi nasteride as a 
chemopreventive agent among most urologists.

Signifi cance of the PCPT

In general, the PCPT was signifi cant for various 
differing fi ndings, many of which have little to 
do with prostate cancer prevention and many of 
which were derived from the control arm of the 
study.

First: There is no absolute cut-off of PSA below 
which prostate cancer does not occur.

The end-of-study biopsies in the control arm 
of the PCPT confi rmed what many had already 
suspected. Despite the great stage migration and 
overall decrease in the death rate from prostate 
cancer likely due to PSA screening, PSA is not 
a perfect screening tool. There is no PSA cut-off 
level with both a high sensitivity and a high 
specifi city to screen healthy men for prostate 
cancer. In the cohort of men with low PSA (less 
than 4.0 ng/mL) and normal DRE, prostate 
cancer was found in 15.2% when they under-
went a biopsy (not for a specifi c cause) at the 
end of the study. However, only 2% of these 
cancers were high-grade cancers.39 Cancer was 
even found in 6.2% of men with PSA lower than 
0.5 ng/mL.39 However, one must wonder how 
many of these low-PSA, negative-DRE cancers 
would ever have become clinically signifi cant 
during that man’s lifetime. Nevertheless, pros-

tate cancers, even high-grade prostate cancers, 
may be found at all PSA levels, although it is 
true that higher PSA values are correlated with 
a higher prevalence of high-grade and total pros-
tate cancers.

Second: The prevalence of prostate cancer, 
including the end-of-study biopsies, was roughly 
four times the expected prevalence from prior 
population-based studies (i.e., 24% versus 6%).

A surprising fi nding in this study was the high 
prevalence of prostate cancer among men 
without clinical suspicion for prostate cancer. 
The study design assumed a 6% prevalence 
based on prior population and epidemiologic 
studies.40 This estimate was deliberately conser-
vative to reduce the risk of underpowering the 
study. It is interesting that the incidence of 
prostate cancer detected on the basis of clinical 
suspicion (i.e., an abnormal prostate examina-
tion or elevated PSA) during the study was 6%, 
which is similar to the rate in prior studies. This 
suggests that a substantial percentage of prostate 
cancers detected in end–of-study biopsies might 
never develop into clinically signifi cant cancers. 
By extension, this fi nding questions the signifi -
cance of many of the lower-grade, lower-stage 
cancers that we currently diagnose and treat. 
Since only 3% of men ever die of prostate cancer, 
the PCPT reveals the signifi cant number of men 
who may harbor clinically insignifi cant disease. 
This fi nding calls into serious question the risks 
of overdetection and overtreatment, which is 
further discussed more in the next section.

Overall Summary of PCPT

To date, fi nasteride is the only agent that is 
defi nitively proven in a randomized, placebo-
controlled, prospective clinical trial to prevent 
prostate cancer. Finasteride lowers the diagnosis 
of prostate cancer by 25%. Unfortunately, it is 
correlated to the detection of a higher number 
of high-grade, and therefore perhaps clinically 
signifi cant, cancers. The general urologic consen-
sus is that these two factors directly offset each 
other, and therefore most urologists question its 
true benefi t. The authors of the trial, however, 
have controversially attempted to claim that by 
decreasing the number of Gleason 6 prostate 
cancers, treatment with fi nasteride is actually 
selecting out clinically relevant cancers and is 
therefore benefi cial.41,42 To say that this is widely 
accepted would be a stretch, although other 
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well-respected oncologists seem to agree,43 and 
a joint statement from the American Urological 
Association and the American Society of Clini-
cal Oncology attempts to sway the unconvinced 
masses.40,44,45

Ironically, if there is a theoretical benefi t in 
fi nasteride chemoprevention, it might not be in 
the prevention of signifi cant prostate cancer, but 
rather in the prevention of the diagnosis of insig-
nifi cant prostate cancer. Despite the relative 
lack of aggressiveness of many Gleason 6 cancers, 
most men—up to 95% in a recent CaPSURE 
(Cancer of the Prostate Strategic Urologic 
Research Endeavor) database review—choose 
to undergo treatment. This is usually at a cost 
of not only dollars but also of quality of life.46 
Therefore, from a public health perspective, if 
fi nasteride chemoprevention could prevent the 
burden of diagnosis and subsequent treatment 
of some cancers that were never likely to produce 
morbidity or mortality, this in and of itself could 
be viewed as benefi cial.47,48

To Screen or Not to Screen

Routine prostate cancer screening consists of an 
annual DRE and serum PSA test in men with a 
life expectancy of at least 10 years who are over 
the age of 50, or younger if they have a high risk 
of prostate cancer. The American Cancer Society 
and the American Urological Association recom-
mend offering this routine screening to these 
appropriately selected patients, yet the Ameri-
can Association of Family Practitioners and the 
American Medical Association are reluctant to 
do so. All of these professional organizations, 
who acknowledge the controversy, recommend 
that the decision to screen for prostate cancer 
must be an individualized decision between the 
patient and the physician.

With the arguments over the merits and 
necessity of screening and the still somewhat 
unsettled debate as to whether early interven-
tion in prostate cancer affects survival, it is easy 
to forget the lethality of the disease. Prostate 
cancer is the fi fth most common cause of death 
in men over age 45, following heart disease, lung 
cancer, stroke, and emphysema.6 As with most 
other cancers, the risk of being diagnosed with 
prostate cancer increases with age (Table 12-2). 
One in 33 men will die of prostate cancer.1,6 
Thankfully, owing to prostate cancer screening, 
and serum PSA specifi cally, the death rate from 
prostate cancer is decreasing. In addition, screen-

ing is already prevalent, since most American 
men over the age of 50 will receive a PSA test 
and will be screened for prostate cancer.49 Yet, 
there is wide disagreement among the major 
medical organizations over the value of prostate 
cancer screening. In 2002, the U.S. Preventive 
Services Task Force (USPSTF), after careful 
deliberation, determined that insuffi cient evi-
dence existed to recommend either for or against 
routine prostate cancer screening with PSA.50 
This statement from the USPSTF places the 
major points of the debate in context:

The USPSTF found good evidence that PSA 
screening can detect early-stage prostate 
cancer but mixed and inconclusive evidence 
that early detection improves health out-
comes. Screening is associated with impor-
tant harms, including frequent false-positive 
results and unnecessary anxiety, biopsies, 
and potential complications of treatment of 
some cancers that may never have affected 
a patient’s health. The USPSTF concludes 
that evidence is insuffi cient to determine 
whether the benefi ts outweigh the harms 
for a screened population. (U.S. Preventive 
Services Task Force. Screening for Prostate 
Cancer. Release Date: December 2002.50)

Let’s examine the statement above on the 
basis of the facts we know.

PSA early detection programs have trans-
formed the diagnosis and treatment of prostate 
cancer. The incidence of prostate cancer rose 
steadily after the introduction of PSA until a 
peak in 1991 and then reached a plateau (Fig. 
12-3). As expected, this more than doubled the 
incidence of prostate cancer. The lifetime risk 

Table 12-2. Risk of Being Diagnosed with Prostate 
Cancer by Age

Age Risk

45 1 in 2500
50 1 in 476
55 1 in 120
60 1 in 43
65 1 in 21
70 1 in 13
75 1 in 9
Ever 1 in 6

From U.S. Department of Health and Human Services: Prostate Cancer 
Screening: A Decision Guide. Atlanta, GA: Centers for Disease Control 
and Prevention and National Cancer Institute, 2006.
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of being diagnosed with prostate cancer is now 
1 in 6. As a result of PSA screening, however, 
50% of newly diagnosed prostate cancers are 
early-stage and localized, and 90% are regional. 
This represents a considerable downward stage 
migration and has been driven almost entirely by 
PSA. Indeed, in 1980, 20% of patients presented 
with metastases; in 2004, only 5% did.51,52

Perhaps the strongest argument for the use-
fulness of prostate cancer screening has been 
the concomitant dramatic reduction in prostate 
cancer-specifi c mortality that has come with 
early detection. The annual age-adjusted pros-
tate cancer death rate in the United States has 
declined steadily and dramatically since the 
widespread dissemination of PSA screening in 
the early 1990s6,52 (see Fig. 4-3).

What is the reason for this decline? Whereas 
the increase in 5-year survival rates from 69% 
25 years ago to nearly 100% at the present time 
can be mainly explained by lead-time bias, the 
overall decrease in age-adjusted death rates due 
to prostate cancer cannot. The reason for this 
decline is the availability of curative modalities 
for localized prostate cancer, namely, surgery 
and radiation. These modalities have now proved 
to be superior to no treatment, although because 
of the long natural history of prostate cancer, it 
took nearly 10 years to see the benefi cial effect 
of therapy.53

Prostate-Specifi c Antigen

What is the chemical at the heart of the debate? 
PSA was originally discovered in the early 1970s 
as a criminal forensic adjunct to aid in the exam-
ination of cases of rape. Not until the 1980s was 
its association with prostate cancer noted.54,55 
PSA is a serine protease that serves to liquefy 
the seminal coagulum after ejaculation. It is 
mostly confi ned to the prostate and is produced 
primarily by epithelial cells that line the pros-
tatic ducts and acini.54

Part of the problem is that using PSA is not 
like using a home pregnancy test. You do not 
get a “+” or “−” to tell you “yes cancer” or “no 
cancer.”

PSA enters the serum via disruptions of the 
prostatic cell and basement membranes. When 
prostate cancer becomes invasive, it disrupts the 
basement membrane, allowing more PSA to leak 
into the bloodstream, and serum PSA values 
subsequently rise. Unfortunately, the PSA ele-
vations suffer from a lack of specifi city because 
these PSA leaks may also occur with a host of 
benign conditions, such as benign prostatic 
hypertrophy, prostatitis, urinary tract infections, 
constipation, urinary catheterization, and other 
manipulations of the urinary tract.55 Thus, high 
serum PSA concentrations are associated with 
both benign and cancerous prostates.
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Figure 12-3. SEER incidence, delay adjusted incidence, and U.S. death rates for prostate cancer, by race. 
APC, annual percentage change for the regression line segments. (From SEER Cancer Statistics Review 1975–2005.)
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Therefore, PSA is not specifi c enough for use 
as a blunt diagnostic tool. Fortunately, in knowl-
edgeable hands with the use of a variety of PSA 
metrics, we may increase the specifi city and sen-
sitivity of screening regimens, thereby prevent-
ing unnecessary morbidity and distress.

Before discussing the metrics that increase 
the specifi city and sensitivity of PSA as a pros-
tate cancer screening tool, we must fi rst briefl y 
readdress one element of the “pregnancy test–
like” desired myth of PSA, namely, the exis-
tence of a rigid cut-off value. There is no rigid 
cut-off value to label a PSA value normal or 
abnormal.

As already addressed in the discussion of the 
PCPT, cancer and no cancer alike may be found 
at all values of PSA. Higher PSA values are 
associated with a greater likelihood of prostate 
cancer and with a greater likelihood of high-
grade prostate cancer, but no values are abso-
lute. Classically, a value greater than 4.0 ng/mL 
is considered worrisome, but some have sug-
gested lowering this value to 2.5 ng/mL for 
greater sensitivity.49,56 It is important to recog-
nize that even if more cancers are discovered at 
the lower threshold, there is no evidence that 
treating the cancers at 2.5 ng/mL leads to any 
greater survival than waiting until the PSA rises 
to the 4.0 ng/mL threshold.39,57–59

PSA Metrics to Improve Sensitivity 
and Specifi city

Why do rigid cut-off values not work? The 
answer is because not all prostates or prostate 
cancers are the same.

Besides the lack of specifi city of PSA eleva-
tions that we have already discussed, it is impor-
tant to recognize the distinct lack of homogeneity 
in populations with similar PSA values. First, we 
need to understand that larger glands naturally 
make more PSA, and older men naturally have 
larger glands. This brings to light two important 
and easily understandable metrics that increase 
the specifi city of PSA screening, namely, the 
concept of age-specifi c PSA and PSA density. A 
PSA of 4.2 is likely to be completely normal in 
a 75-year-old man with an 80-g prostate, whereas 
the same PSA of 4.2 is worrisome in a 45-year-
old man with a 20-g prostate and requires a 
biopsy. Using these principles, investigators have 
been able to increase the accuracy of PSA in 
detecting prostate cancer by establishing age-

related PSA and PSA density thresholds60,61 
(Table 12-3).

The next breakthrough in improving the use-
fulness of PSA as a prostate cancer screening 
tool was the recognition of the value of PSA 
kinetics, namely, PSA velocity and PSA 
doubling-time. It was discovered that benign 
prostatic hypertrophy does consistently elevate 
serum PSA values over time, but typically at a 
slower rate than prostate cancer. Studies have 
shown that, within a PSA range of 4.0 to 10.0 ng/
mL, a rise of more than 0.75 ng/mL per year 
shows a specifi city of cancer detection of 90% 
and a sensitivity of 79%.62 For patients with PSA 
values less than 4.0 ng/mL, a lower-velocity 
threshold between 0.3 and 0.5 ng/mL is required 
to improve the sensitivity while maintaining the 
specifi city.49,63,64

Free PSA

Finally, a novel isoform of PSA is available 
to increase the usefulness of PSA screening 
regimens. Free PSA refers to that proportion 
of the total PSA that circulates in the blood 
unbound to protein.65 The majority of PSA that 
circulates in the blood—65% to 95%—is com-
plexed to one of several proteins, primarily α1-
antichymotrypsin. The remaining 5% to 35% 
of circulating PSA is unbound.66,67 PSA released 
from prostate cancer cells tends to escape intra-
cellular proteolytic processing, thereby leading 
to reduced proportions of free PSA in the serum 
of prostate cancer patients. This characteristic 
has been used to provide additional specifi city 
for cancer detection.68–72

In the future, we will have novel biomarkers 
superior to PSA to improve the diagnostic accu-
racy of screening regimens. Although they are 
beyond the scope of this chapter, tests such as 
EPCA-2, PCA3, AMACR, and human kalli-
krein-2 show great promise and may lead to a 

Table 12-3. Normal PSA Levels 
by Age Ranges and Race

Age Range Asian White Black

40–49 0–2.0 ng/mL 0–2.5 ng/mL 0–2.0 ng/mL
50–59 0–3.0 ng/mL 0–3.5 ng/mL 0–4.0 ng/mL
60–69 0–4.0 ng/mL 0–4.5 ng/mL 0–4.5 ng/mL
70–79 0–5.0 ng/mL 0–6.5 ng/mL 0–5.5 ng/mL

From The Prostate Specifi c Antigen (PSA) Blood Test, Prostate Cancer 
Coalition of North Carolina. Available at http://www.pccnc.org/early-
detection/psa. (Originally referenced in Urology Times.)
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more simplistic and accurate regimen of pros-
tate cancer screening.73–78

Digital Rectal Exam

The other half of the prostate cancer screening 
regimen is the digital rectal examination (DRE). 
DRE relies on the recognition that most prostate 
cancers develop in the peripheral zone of the 
prostate, and the hope that these cancers may 
then be palpated before becoming symptomatic 
and early enough to still be curable. Although 
DRE has been used for many years, a rigorous 
interrogation of the modality is lacking. Even in 
the best hands, DRE is notoriously inaccurate, 
and its relevance in the PSA era may be decreas-
ing. DRE has a roughly 25% positive predictive 
value for prostate cancer, and when cancers are 
found via DRE, it is often too late for cure. 
Classic studies have found that as few as 20% 
to 30% of prostate cancers diagnosed via DRE 
are localized, and as many as 25% of patients 
with metastatic prostate cancer may still have a 
normal rectal examination.79–81 However, case-
control studies have found a 20% to 30% reduc-
tion in prostate cancer mortality rates when 
DRE is used and up to 25% of cancers may be 
found only via DRE, even with a normal (below 
4.0 ng/mL) PSA.39,57,58,82,83

Therefore, because DRE is cheap and easy 
and may improve overall prostate cancer mortal-
ity despite its low positive predictive value, it is 
still recommended as part of the routine screen-
ing regimen.

Are there any randomized controlled trials 
that assess the value of prostate cancer screening? 
The answer is yes. But like every other topic 
related to prostate cancer, the results are con-
tradictory and require a bit of extrapolation. 
There are actually four large ongoing random-
ized trials assessing the benefi ts of prostate 
cancer screening, and two have recently pub-
lished (somewhat prematurely) their results in 
the New England Journal of Medicine. These 
studies are the European Randomized Study of 
Screening for Prostate Cancer (ERSPC) and the 
Prostate Lung Colorectal and Ovarian (PLCO) 
Cancer Screening Trial in the United States.1,6,84,85 
Both are admirable massive undertakings, and 
both have signifi cant methodological fl aws. Let’s 
approach the studies one at a time.

The fi rst, the PLCO trial, is a randomized 
study of 76,693 men between the ages of 55 and 

74 who were recruited between 1993 and 2001 
and assigned to either annual prostate cancer 
screening (DRE and serum PSA) or “usual care” 
as a control. Though the study was designed to 
run much longer, the trial results were published 
after a median 11.5 years of follow-up. The 
study found no benefi t to prostate cancer screen-
ing in overall or prostate cancer specifi c mortal-
ity. There are many problems with the study, 
however; we will focus on three of them here.

First, it is important to understand that while 
an “intent-to-screen” analysis is the correct and 
valid method for primary analysis of the study, 
in an analysis of this type researchers do not actu-
ally compare patients who were screened against 
patients who were not. What is compared is the 
randomized population of patients who were 
intended to be screened against the population of 
patients who were intended not to be screened. 
Instead of a perfect comparison of a population 
with 100% screening versus a population of 0% 
screening, this study was severely contaminated. 
At least 52% of patients in the nonscreening 
“control” arm of the study were in fact screened 
for prostate cancer with at least one PSA and 
then compared to the “screened” arm of the 
study, in which only 85% of the patients were 
actually screened. The overall “contamination” 
of the nonscreened arm may in fact be much 
higher, because the 52% number represents only 
a survey of patients in a single year of the study. 
Overall, many more patients in the control arm 
may have been screened at least once during the 
study period, and the number may very well 
approximate the 85% of men who actually 
received a PSA and DRE in the screened arm. In 
an intent-to-screen analysis, this “contamina-
tion” would make it all the more diffi cult to fi nd 
a survival benefi t in the screened population. 
Second, nearly half (44%) of patients had already 
undergone PSA screening prior to study initia-
tion. Because patients with a “positive” test were 
excluded from the study group, many men who 
were diagnosed with prostate cancer via screen-
ing prior to study initiation, and who then bene-
fi ted from subsequent treatment, were not 
included in the analysis, further weakening the 
study’s power to detect a survival benefi t in the 
screening arm. Finally, the study used a rigid 
“cut-off ” value of 4.0 ng/mL to determine a 
“positive” test, and we have already described 
limitations of such a protocol. In addition, the 
study did not make use of any of the other PSA 
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metrics that we have described to increase both 
the sensitivity and specifi city of the test.

In contrast to the fi ndings of the PLCO trial, 
the ESRPC did show a 20% reduction in pros-
tate cancer mortality with PSA screening. This 
trial involved a much larger cohort, 182,160 
men aged 50 to 74, of which 162,387 were in 
the “core age group” of 55 to 69 years of age. 
The study is comprised of men from seven 
countries who were recruited via similar proto-
cols between 1991 and 2003 and were ran-
domly assigned to PSA screening or usual care. 
Mean and median follow-up were both approx-
imately 9 years. Besides the signifi cantly larger 
study size and shorter follow-up time, there are 
several important distinctions between this 
study and the PLCO. First, no digital rectal 
examination was used. Second, PSA screening 
was not annual but was instead scheduled to be 
done roughly once every four years. Third, the 
protocol was not uniform between study 
centers. Fourth, a different rigid PSA cutoff 
value of 3.0 ng/mL was used. Eighty-two 
percent of the patients in the study arm received 
at least one PSA test, and those who received 
a PSA test did so an average of 2.1 times during 
the trial. This study therefore suffers from 
many of the same defi cits as the PLCO trial, 
namely too short a follow-up, incomplete pen-
etration of PSA testing in the study arm, and 
use of a rigid cutoff value for PSA. In addition, 
without annual testing, none of the valuable 
PSA metrics and none of the supplemental 
information garnered from a DRE could be 
used. Nevertheless, because of greater overall 
numbers and likely signifi cantly lower contami-
nation of the control arm by PSA screening, 
this study was able to identify a statistically 
signifi cant reduction in prostate cancer mortal-
ity, even after the very short follow-up time. 
Men who were actually screened (as opposed 
to those who were intended to be screened in 
the intent-to-screen analysis) had an even 
greater reduction in mortality. Even more 
promising, patients in the screening arm had a 
41% reduction in either positive bone scans or 
PSA values greater than 100 ng/mL (a surro-
gate for grossly metastatic disease). These 
results anticipate even greater reductions in 
prostate cancer specifi c mortality to be seen 
with longer follow-up times.

It cannot be ignored, however, that questions 
of judicious allocation of resources and quality-
of-life cost-benefi t analyses were also brought to 

the forefront of the prostate cancer screening 
discussion with the publication of these studies. 
According to calculations of the ERSPC authors, 
1410 men must be screened and 48 men treated 
for prostate cancer to prevent a single prostate 
cancer death.84 With longer follow-up times 
(more deaths in the control arm), improvements 
in prostate cancer therapies, and improved spec-
ifi city of screening regimens for clinically signifi -
cant prostate cancer, these numbers are expected 
to improve. As they stand, these numbers are 
similar to those in screening regimens for both 
colorectal cancer and breast cancer, but with a 
notable increased morbidity of insignifi cant 
diagnoses.86

In the end, it is likely that much of what 
ERSPC proves is what was discarded in the 
exclusion criteria of the PLCO—namely, the 
value of even a single PSA test in an asymptom-
atic man to diagnose clinically relevant prostate 
cancer. Patients who had already received a 
“positive” PSA test prior to initiation of the 
PLCO were ineligible for that study. Both 
studies are still ongoing, and further results with 
longer follow-up times are anxiously awaited.

Whom do we need to screen for prostate 
cancer? Because prostate cancer is generally 
slow-growing and differences in overall survival 
with early treatment have been found mainly in 
those less than 65 years old, it seems reasonable 
to limit those who are screened.53 In August 
2008, the U.S. Preventive Services Task Force 
formally recommended against screening for 
prostate cancer in men age 75 years or older as 
it found “moderate certainty that the harms of 
screening for prostate cancer outweigh the 
benefi ts” in this population.87,108

Generally speaking, only men older than age 
50 with a life expectancy of at least 10 years 
should be screened for prostate cancer with an 
annual PSA blood test and DRE. For African 
Americans and men with a family history of 
prostate cancer, screening should begin at age 40 
or 45 years.

Management of Localized 
Prostate Cancer

To Treat or Not to Treat: Debate Over 
Expectant Management

There are many controversies related to prostate 
cancer, but perhaps the largest among these 
are:
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■ Which prostate cancers warrant treatment?
■ What treatment is best?

There is no simple answer to either question. 
The simplest answer for the fi rst question is that 
some men require treatment for prostate cancer 
and some do not. Prostate cancers are known to 
encompass a diverse range of natural histories—
some destined to aggressive outcomes and 
most destined to clinically insignifi cant indolent 
courses. Whereas autopsy series, as mentioned 
earlier, reveal that a majority of elderly men will 
harbor prostate cancer, only 3% of men die of 
the disease.2,3,88,89 Because prostate cancer is a 
common cancer of old age, the median time 
from diagnosis to death by the disease often 
exceeds the life expectancy of elderly men. This 
outcome is often accentuated by the lead-time 
bias that is inherent in screening regimens. 
Nevertheless, 30,000 men per year do die of 
prostate cancer, so there is obviously a popula-
tion that would benefi t from curative treatment. 
How many must be treated to save a life? For 
younger patients with high-risk disease, it may 
be 15 to 20 men. But for patients older than 65, 
it skyrockets to 330 men who must undergo the 
morbidity of prostate cancer treatment to save 
only one life.53,90–94

Since the morbidity of treatment of prostate 
cancer may be severe, regardless of modality, 
the challenge of determining which cancers need 
not be treated is important. We must be able to 
fi nd better ways of focusing our resources while 
preserving quality of life. In this section, I 
explore the rationale for withholding immediate 
treatment in some men with prostate cancer.

Why Not Treat?

The fi rst question to ask is why would some men 
choose to wait or not be treated at all? What are 
the risks and morbidities of treating prostate 
cancer with curative intent? This is the question 
that the Prostate Cancer Outcomes Study was 
designed to answer. This large, prospective, 
population-based study enrolled men with local-
ized prostate cancer diagnosed in 1994 and 1995 
and collected follow-up data through 2001. Of 
the 1291 men undergoing radical prostatectomy, 
59.9% were impotent and 8.4% were inconti-
nent within 18 months after surgery. Forty-one 
percent of the study participants undergoing 
surgery reported that sexual performance was a 
moderate to large problem after treatment. Of 

the 497 patients who received external-beam 
radiation therapy, 43% of the previously potent 
men were impotent within 2 years and 5.4% had 
signifi cant bowel dysfunction.95 Similar fi ndings 
have been noted in a large randomized trial in 
Sweden that compared radical prostatectomy 
with conservative management.96

As mentioned earlier, PSA screening not only 
detects more cancers but detects cancers earlier 
(i.e., lead time before symptomatic presenta-
tion) and at a less aggressive stage. The lead 
time is likely to be shorter for aggressive cancers 
and longer for indolent ones. For men aged 55 
to 75 years who are diagnosed by screening, this 
lead time may be 12 or more years.97,98 Other 
studies have shown that the mean time to pros-
tate cancer-specifi c mortality in patients with 
PSA-only detected, nonpalpable (pT1) lesions 
is 17 years. For palpable lesions (pT2 or greater), 
it is 11.2 years. In the United States in 2004, 
the average life expectancy for a 65-year-old 
man was 17.1 years; for a 75-year-old man, 10.7 
years.99,100 It has been estimated that with 
current screening regimens even in relatively 
young men, more than half of cases would be 
expected to be destined to clinically insignifi -
cant courses.101–113

The long lead time, downward stage migra-
tion, and long natural history of prostate cancer 
make it an excellent disease option for preinter-
vention monitoring (expectant management) or 
for overall conservative management in patients 
with short life expectancies.103 In properly 
selected cases, there is a long quiescent period 
during which observation is safe without losing 
the opportunity for cure. This is the rationale 
behind expectant management, a rationale bol-
stered by the not insignifi cant morbidity associ-
ated with all prostate cancer therapeutic 
modalities.

How Long to Wait Before Intervention

In the population destined to require curative 
intent, how long is it safe to wait before treat-
ment? Many studies have documented long sur-
vival in patients who receive no treatment.104,105 
A recent study from Johns Hopkins provides 
further pathologic information for patients who 
eventually undergo treatment. In their study, 
patients were advised to proceed with defi nitive 
treatment in the event of progression of disease 
on subsequent prostate biopsies (i.e., an increase 
in the number of positive needle cores demon-
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strating cancer or an increase in the grade of the 
cancer). From this study, it appears that over 2 
years may pass from diagnosis to treatment in 
appropriately selected low-risk patients without 
signifi cantly altering the pathology or prognosis 
at the time of radical prostatectomy. The 
researchers concluded that delayed prostate 
cancer surgery for patients with small, lower-
grade prostate cancers followed expectantly 
does not appear to compromise the surgical cur-
ability of these cancers.106 Therefore, at the very 
worst, expectant management delays the poten-
tial morbidity of surgery in an otherwise low-risk 
cohort of patients, and these patients are not 
adversely affected by deferring their treatment.

Evidence of Improved Survival with 
Early Intervention

Although there is certainly a population of patients 
with prostate cancer who benefi t from conserva-
tive or expectant management, this discussion 
leads us to another of the landmark trials in 
urology, the only randomized trial to prove that in 
some men intervention does improve survival, 
albeit marginally. The study in question is the 
Scandinavian Prostate Cancer Study Group’s 
prospective randomized trial originally published 
by Holmberg and associates107 in 2002 and up -
dated by Bill-Axelson and associates53 in 2005 and 
again in 2008.108 This trial compared radical pros-
tatectomy with watchful waiting (followed by 
palliative rather than curative therapy) in men 
presenting with clinically localized prostate 
cancer. It is critical to recognize the difference of 
the patient population in this study from the 
typical screened population of today. Namely, 
these patients had signifi cantly higher-risk disease. 
The majority of patients presented with palpable 
disease and a higher PSA than is typical in the 
current era. These factors would most likely bias 
the cohort toward benefi ting from therapy with 
curative intent. Nevertheless, it was not until the 
second update of the study in 2005 after a median 
of 8.2 years of follow-up that a small but signifi -
cant overall survival benefi t to radical prostatec-
tomy, compared with watchful waiting, became 
apparent (Fig. 12-4). There were also more clearly 
demonstrated benefi ts in the radical prostatec-
tomy group in relative risk of prostate cancer-
specifi c mortality 0.56 (95% CI 0.36-0.88), 
distant metastasis 0.60 (95% CI 0.42-0.86), and 
local progression 0.33 (95% CI 0.25-0.44). The 

2008 update further expands and confi rms 
these fi ndings. Other landmark studies have also 
revealed the limitations and inferiority of a simple 
watchful waiting protocol in certain patient pop-
ulations.90,91,105 Of note, given the long natural 
history of prostate cancer, further follow-up may 
reveal an even greater survival benefi t.

However, in the Scandinavian Prostate 
Cancer Study, the majority of the survival 
benefi t was discovered in patients with relatively 
advanced disease and who were younger than 
65 (see Fig. 4-9). This reinforces the importance 
of bearing in mind a patient’s comorbidities 
and life expectancy when considering either 
screening or intervention for localized prostate 
cancer. The Scandinavian Prostate Cancer Study 
Group’s authors continue to study the cohort to 
determine what other clinical parameters can 
predict improved survival with intervention.109

Defi nitive Therapy: Surgery or Radiation

Which is superior, radical surgery or radiation 
therapy? Only two basic therapies have the 
long-term oncologic and functional results to be 
considered fi rst-line therapies with curative 
intent for localized prostate cancer. These are 
surgical extirpation via radical prostatectomy 
and radiation therapy via external-beam radia-
tion or brachytherapy. We have already seen 
from the results of the Prostate Cancer Out-
comes Study95 that both therapies are accom-
panied by morbidity and that these morbidities 
are roughly equal in large population-based 
studies. Note that all therapies for prostate 
cancer have associated morbidity, specifi cally 
bowel, urinary, and sexual dysfunction, although 
the temporal evolution of these side effects is 
different, as are the specifi c types of dysfunc-
tion. Surgery is associated with less bowel but 
more early urinary and sexual side effects, 
which tend to improve over time. Radiation 
therapy causes more bowel problems and wors-
ening urinary and sexual dysfunction over time. 
Discussing these temporal relationships between 
treatment and side effects and their relative 
implications on quality of life is critical when 
counseling individual patients on treatment 
alternatives for prostate cancer.

Therefore, if one were to accept that both 
surgery and radiation therapy have generally 
similar morbidity profi les (though at different 
time courses), then the discussion must lead 
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toward discovering which of the modalities has 
better oncologic outcomes. Unfortunately, this 
is a question for the ages. There has never been 
a prospective randomized trial comparing surgery 
with radiation therapy, and there may never be 
one. Studies that compare retrospective series 
and results are plagued by four main problems 
that make historical interpretations hazardous:

1. Surgery and radiation therapy are not used 
on similar patient populations.

Compared with patients who elect radical 
prostatectomy, men treated with radiation are 
typically older and have more advanced disease, 
both of which have signifi cant implications with 
regard to oncologic cure as well as functional 
(i.e., urinary and sexual) outcomes. In a recent 
review of men with clinically localized prostate 
cancer treated with either surgery or radiation, 

the average surgical patient was 5 to 7 years 
younger than the average radiation therapy 
patient.110 Men treated with radiation also have 
higher Gleason scores and pretreatment PSAs. In 
the 1999 Patterns of Care study for prostate 
cancer radiation, more than 60% of men treated 
with external-beam therapy had intermediate- or 
high-risk disease.111 Twice as many clinically low-
risk patients elect radical prostatectomy than 
those who elect radiation therapy51 (Fig. 12-5).

2. The advances in radiation therapy more 
greatly affect oncologic outcomes than do 
the changes in surgery.

Although it is true that surgical technique 
continues to evolve and that cancer-specifi c out-
comes continue to improve for surgery, these 
changes are not as dramatic as the changes in 
radiation therapy during the last 25 years. The 
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Figure 12-4. Cumulative incidence of 
distant metastatic (A) and death from 
any cause (B). (From Bill-Axelson A, 
Holmberg L, Ruutu M, et al: Radical 
prostatectomy versus watchful waiting in 
early prostate cancer. N Engl J Med 
352:1977–1984, 2005, Figure 2. 
Copyright © 2005 Massachusetts 
Medical Society. All rights reserved.)
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biggest of these is the recognition that subthera-
peutic dosages of radiation were given routinely 
to the prostate for many years. It is now known 
that a minimum of 72 Gy must be given to the 
prostate, and there is a direct correlation of 
increasing dosages and improved prostate cancer-
specifi c survival. Earlier series that compare 
surgery with subtherapeutic radiation therapy 
reveal a clear survival advantage to surgery.110,112 
Of note, there is also a direct correlation of 
increasing morbidity with increasing radiothera-
peutic dosages. The second advance has been 
the discovery and incorporation of intensity-
modulated radiation therapy (IMRT) as a 
replacement for three-dimensional conformal 
radiation therapy. This newer modality allows 
deliverance of increased dosages to the target 
organ, while permitting rapid dose fall-off, and 
therefore less risk of injury, to surrounding 
structures.

3. Surgery and radiation therapy have differ-
ent defi nitions of intermediate success and 
failure.

Forget for a moment that there is a contro-
versy around whether PSA itself is suitable to 
use as a surrogate for post-treatment prostate 
cancer survival or any prostate cancer-specifi c 
outcomes.113–116 Such a controversy is beyond 
the scope of this chapter. Generally, a surgical 
“success” is an undetectable PSA that remains 
undetectable (although even this is under debate, 
since many patients who have a recurrence with 
a detectable PSA are never likely to present with 
signs or symptoms of prostate cancer even at 
long-term follow-up). For radiation therapy, it 
is more complex, and either the ASTRO (Amer-
ican Society for Therapeutic Radiology and 
Oncology) or Phoenix (an updated defi nition by 
the ASTRO group) defi nitions are used.117,118 
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The original ASTRO criteria defi ned biochemi-
cal failure as occurring after three consecutive 
PSA rises after a nadir with the date of failure 
as the point halfway between the nadir date and 
the fi rst rise or any rise great enough to provoke 
initiation of therapy. The Phoenix criteria 
defi ned biochemical failure as a rise by 2 ng/mL 
or more above the nadir PSA and defi ned the 
date of failure “at call” (not backdated). Although 
many groups have compared results between 
the modalities with both defi nitions, these com-
parisons are imperfect.119 The only truly compa-
rable outcome measures are overall and prostate 
cancer-specifi c mortality.

4. Androgen deprivation therapy is more 
commonly used in combination with radi-
ation therapy than with surgery.

Seventy-fi ve percent of all patients who 
receive external-beam radiation therapy receive 
androgen deprivation, compared with only 8% of 
radical prostatectomy patients.51 There is good 
rationale for this. Androgen blockade results in 
apoptosis of hormone-responsive prostate cancer 
cells and may have a synergistic killing effect 
when combined with radiation. Multiple ran-
domized trials have shown a survival benefi t when 
androgen deprivation is combined with radiation 
therapy.120–122 But these combinations make it 
diffi cult to discern which aspect of survival is due 
to the radiation and which is due to the androgen 
deprivation. Since androgen deprivation has its 
own morbidity, this also clouds quality-of-life 
comparisons between the modalities.

Imperfect Comparisons

I have just mentioned the hazards of retrospec-
tive comparisons between surgery and radiation 
therapy, but I will nonetheless attempt to 
compare their outcomes here. To determine 
which treatment is best also depends somewhat 
on the clinical risk group of the patient. In 
general, patients with low-risk prostate cancer 
are candidates for, and will do well with, any 
therapeutic modality. This includes expectant 
management, external-beam radiation therapy, 
brachytherapy, and surgery. The effi cacies of 
these therapies, with the exception of the supe-
riority shown by radical prostatectomy versus 
watchful waiting,53 have not been directly com-
pared in randomized controlled trials. The major 

retrospective attempts at comparing radiation 
therapy with surgery suggest that at contempo-
rary doses of radiation more than 72 Gy, radia-
tion therapy and surgery have generally similar 
overall and disease specifi c outcomes.123–126

Brachytherapy

Brachytherapy is a method of delivering high 
dosages of radiation directly into the prostate 
using radiation-laden seed implants. Most com-
monly, iodine 125 (125I) or palladium 103 (103Pd) 
seeds are used.127 Brachytherapy may be used as 
monotherapy, in combination with external-
beam radiation therapy, and is also commonly 
used with androgen deprivation.

There are a variety of relative contraindica-
tions to the use of prostate brachytherapy, includ-
ing large prostate size (greater than 50 to 60 g), 
history of transurethral resection of the prostate, 
colonic disorders, and preexisting severe irrita-
tive or obstructive urinary symptoms. These 
factors predispose the patient to an increased risk 
of complications.128,129 Patients with a large pros-
tate are occasionally placed on androgen depriva-
tion before brachytherapy for purposes of 
decreasing gland size. The androgen deprivation 
is sometimes continued after the procedure as 
well. Side-effect profi les of brachytherapy are 
similar to those of the other modalities, but with 
more early irritative voiding symptoms (i.e., 
urinary frequency and urgency) and with impo-
tence occurring later. The use of brachytherapy 
alone has also not been directly compared with 
either surgery or external-beam radiation therapy 
in a randomized trial. At best, we can use the 
surrogate measure of biochemical (PSA)-free 
survival. Using the surrogate outcome, 10-year 
biochemical-free survival rates with brachyther-
apy (87% to 94%) equivalent to surgery and 
external-beam radiation therapy have been 
reported in patients with low-risk disease.130–134

Because brachytherapy does not deliver what 
is felt to be adequate doses to periprostatic 
tissues, brachytherapy is generally best used as 
a solo modality only in patients with low-risk 
disease.135

Most studies that have attempted to compare 
all three modalities of prostatectomy, brachy-
therapy, and external-beam radiation therapy 
have generally found equivalence of the surro-
gate endpoint of biochemical disease-free 
survival.136,137
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Radical Prostatectomy

Certainly for low-risk disease, and even with good 
effi cacy in high-risk disease, radical prostatec-
tomy is considered the gold standard.138 Radical 
prostatectomy has become the most commonly 
performed treatment for clinically localized pros-
tate cancer with abundant long-term data con-
fi rming its effi cacy. Anatomic radical retropubic 
prostatectomy has become the gold standard 
surgical treatment for prostate cancer for the past 
25 years. Excellent long-term outcomes of open 
radical retropubic prostatectomy are available for 
cancer control as well as for the preservation of 
potency and continence.139–143 It is believed that 
radical prostatectomy provides the best chance 
for cure for men whose tumor is confi ned to the 
prostate gland. Some studies have shown survival 
advantages to radical prostatectomy versus the 
other primary modalities.138,144–146

Which modalities do patients typically 
choose? Of all patients diagnosed with prostate 
cancer between 1998 and 2003, an estimated 
40% were initially treated with some form of 
radiation treatment, making it the most common 
modality.111 However, among low-risk patients, 
radical prostatectomy remains the most common 
therapeutic modality, with over half of these 
patients electing some form of surgical extirpa-
tion.51 Among the recent trends, of note is the 
rapid rise in brachytherapy and robot-assisted 
laparoscopic prostatectomy.

In 1994, only 5% of prostate cancer patients 
were treated with brachytherapy. In 1999, this 
number had increased to 36%. As already men-
tioned, brachytherapy is generally not used as 
monotherapy for anything other than low-risk 
disease. In patients with intermediate- and 
high-risk disease, the American Brachytherapy 
Society (ABS) has recommended that supple-
mental external-beam radiation therapy be 
delivered.135 As for robot-assisted laparoscopic 
prostatectomy, according to industry fi gures, in 
2007 more than 50% of all radical prostatecto-
mies in the United States were performed with 
robotic assistance, and that percentage rose even 
higher in 2008 (Fig. 12-6). Lastly, for patients 
with high-risk disease features, a multi-modality 
approach is often used.

Traditional or Minimally Invasive?

Today there are many methods of surgical extir-
pation of a cancerous prostate gland, and con-

troversy exists over the “ideal” method. Four 
such methods of the radical prostatectomy are 
used today: two open modalities and two mini-
mally invasive modalities. The classic open surgi-
cal modalities are radical perineal prostatectomy 
and radical retropubic prostatectomy. The mini-
mally invasive modalities are laparoscopic radical 
prostatectomy and robot-assisted laparoscopic 
prostatectomy. To understand the differences, 
we need to describe all four.

Radical Perineal Prostatectomy

Radical perineal prostatectomy (RPP) is the 
oldest method of surgical extirpation of a can-
cerous prostate, although it is rarely performed 
today. RPP has good, long-term oncologic and 
functional outcomes and has some advantages 
when compared with the radical retropubic 
prostatectomy.147 These include less pain, lower 
blood loss, and the ability to be performed in 
morbidly obese men, or men with signifi cant 
prior pelvic surgery. Several recent case series 
have supported the feasibility of RPP in mor-
bidly obese patients with a body mass index of 
more than 40 kg/m.148,149 One disadvantage is 
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Figure 12-6. Percentage of radical prostatectomies 
(RPs) performed with robotic assistance in the 
United States by year. The fi rst robot-assisted radical 
prostatectomy (RARP) with the da Vinci surgical system 
was performed in Europe in 2000. Later that year, the 
fi rst of 36 RARPs was performed in the United States. 
This number accounted for less than 1% of all radical 
prostatectomies performed in the United States that year. 
In 2007, over 50% of all radical prostatectomies were 
performed with robotic assistance. (Data from Intuitive 
Surgical Systems Company, Sunnyvale, California.)
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Robot-Assisted Laparoscopic Prostatectomy

Most recently, great enthusiasm has surrounded 
the da Vinci surgical system (Intuitive Surgical, 
Sunnyvale, California) and the robot-assisted 
laparoscopic prostatectomy (RALP). Potential 
advantages of RALP are many. First, one gains 
all the minimally invasive advantages of the LRP, 
with the added benefi t of stereoscopic (i.e., 
three-dimensional) vision, compared with the 
two-dimensional view offered by conventional 
laparoscopy. The surgeon therefore has better 
depth perception. Second, because of the wrist-
like robotic instruments, the surgeon is provided 
7 degrees of freedom of motion during the pro-
cedure. This essentially allows a surgeon to 
operate with the facility of miniature human 
wrists. This feature is especially useful during 
complex laparoscopic tasks such as laparoscopic 
suturing of the bladder-urethral anastomosis. 
Last, there is an ergonomic advantage of RALP 
over LRP in that the surgeon operates while 
seated comfortably at a console station com-
pared with LRP, in which the surgeon stands at 
the patient’s bedside. Disadvantages are that 
despite the relative ease when compared with 
the LRP, the RALP is still a technically challeng-
ing procedure and requires a signifi cant level 
of expertise.165,166 Moreover, the exorbitant 
expense of RALP compared with the other 
modalities cannot be discounted.167–169

Choosing the Best Therapy

Which therapy is the best? In the end, experi-
ence of the surgeon in any single modality is the 
most important predictive factor for good results. 
A patient should primarily consider and select 
an experienced surgeon over the method of 
prostatectomy. In addition, a thorough inquiry 
into the rate of positive margins, the percentage 
of patients who receive cavernous nerve preser-
vation, and the continence and potency rates 
should be discussed with the surgeon to weigh 
options among different surgeons and different 
techniques.

Ablative Therapies

There are two ablative therapies for prostate 
cancer, high-intensity focused ultrasound 
(HIFU), and cryoablation. Signifi cant research 
and enthusiasm surround both. Both modalities 
have encouraging results in the fi eld of salvage 

the inability to perform a simultaneous pelvic 
lymph node dissection through a perineal inci-
sion without making a second abdominal inci-
sion to access the pelvic nodes. A second 
disadvantage is the relative diffi culty in preserv-
ing the cavernous nerves responsible for sexual 
function during RPP compared with the retro-
pubic approach.

Radical Retropubic Prostatectomy

The open radical retropubic prostatectomy 
(RRP) is the current gold standard surgical 
approach and has been since the modernization 
of the technique in the early 1980s by Dr. Patrick 
C. Walsh, who popularized an anatomic approach 
to prostatectomy with prospective preservation 
of the cavernous nerves (i.e., anatomic nerve-
sparing RRP). RRP has been the most widely 
performed method for the last 20 years. In expe-
rienced hands, it is associated with the most 
well-established long-term oncologic and func-
tional outcomes of any of the modalities.139,150 
Yet, recent research demonstrates inferior 
cancer-specifi c results when the procedure is 
performed by less experienced surgeons.151 This 
observation is likely the case for all of the extir-
pative modalities. Also, in obese men RRP is 
relatively diffi cult from a technical standpoint 
and wrought with more complications.152

Laparoscopic Radical Prostatectomy

In the 1990s, the fi rst of the minimally invasive 
approaches, the laparoscopic radical prostatec-
tomy (LRP), was introduced in an effort to 
further reduce patient morbidity. LRP has many 
advantages when compared with RRP. Mini-
mally invasive approaches such as LRP have the 
lowest blood loss and transfusion rates of all the 
modalities.153–155 These approaches are also asso-
ciated with shorter hospital times and convales-
cence.156–158 Although the pain of open RRP is 
generally tolerable,159 many studies have shown 
less pain with the minimally invasive tech-
niques.157,158,160 LRP may also be performed 
readily in obese males.161–163 Centers of excel-
lence have demonstrated equivalent functional 
and oncologic outcomes when compared with 
the open technique.164 However, LRP is consid-
ered the most technically challenging of all the 
surgical modalities; for this reason, expansion of 
the technique has generally been limited to a 
few high-volume medical centers.
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therapy after radiation failure, but are still rela-
tively unproven as therapies for primary prostate 
cancer. Simply put, despite popular enthusiasm, 
neither has available long-term survival outcomes, 
which are necessary to recommend a therapy, 
and therefore both should be considered unproven 
and experimental. For these reasons, I review 
them only briefl y here. Nonetheless, enthusiasm 
for the modalities persists because they both 
possess certain advantages over standard thera-
pies. Signifi cant among these is the minimal inva-
sive nature of the procedures. They both may be 
done as outpatient therapy and, unlike other 
modalities, they both may be repeated, Both 
HIFU and cryoablation are evolving, and although 
their early history was plagued by specifi c serious 
morbidities such as gastrointestinal fi stula forma-
tion and urethral strictures, modern iterations 
have far less of these risks.170–173

High-Intensity Focused Ultrasound

HIFU is very attractive in theory because the 
technology platform has the theoretical capabil-
ity to precisely target the tissue in question 
within a single millimeter of accuracy. Advan-
tages are minimal pain and no blood loss, and no 
hospitalization is necessary. Retreatment, as 
mentioned, is possible. However, retreatment is 
usually associated with an increase in complica-
tions.174 In addition, if the treatment is designed 
to be curative, then impotence results by defi ni-
tion as a consequence of thermal injury to the 
cavernous nerves, although experimentation 
with “partial” treatments is ongoing.175–177 Early 
biochemical recurrence data are sparse but 
promising.175,177 Other disadvantages of HIFU 
are a general inability to monitor the treatment 
while ongoing and limitations to the depth of 
penetration of the ultrasonic wave. This limits 
the size of the prostate that can be treated, 
although some centers have had success with 
concomitant transurethral resection of the pros-
tates for purposes of cytoreduction.173,177,178

Cryoablation of the Prostate

Cryotherapy of the prostate, though still experi-
mental, actually now has a signifi cant advantage 
in the ablative battle over HIFU, since there is 
now a randomized trial that has revealed equiva-
lency to radation therapy after 10 years of 
follow-up. With endpoints of biochemical recur-

rence and mandatory biopsies 3 years after 
therapy, a Canadian group has revealed onco-
logically acceptable results and at least equiva-
lent results to external-beam radiation therapy.169 
It should be mentioned, however, that radiation 
therapy dosages were subtherapeutic at the 
beginning of the randomized trial, consistent 
with standard of care at the time. Of course, no 
randomized long-term survival data exist yet, 
but given time, the results may prove to be 
acceptable for a certain population of patients.170 
Like HIFU, advantages are minimal pain, no 
blood loss, no hospitalization necessary, and it is 
possible to retreat. Also like HIFU, if performed 
correctly, most patients suffer from impotence 
due to effects on the adjacent cavernous 
nerves.

Conclusions

Prostate cancer is a fi eld in continuous evolu-
tion. With this constant motion come many dis-
agreements and controversy. These give rise to 
more research and yet more debate. Fortunately, 
in addition to anticipated updates of the PLCO 
and ERSPC, there are two more ongoing large 
randomized clinical trials that may help to 
answer many of the basic questions. These are 
the Prostate Cancer Intervention Versus 
Observation Trial (PIVOT) in the United 
States and the Prostate Testing for Cancer 
and Treatment (PROTECT) trial in the United 
Kingdom (Current Controlled Trials number 
ISRCTN20141297).181,182 It is hoped that these 
ongoing randomized trials will answer questions 
about screening, the natural history of prostate 
cancer, overdetection, and other issues. For 
many of the rest of the conundrums, only time 
will tell. Until then, we as health care providers 
must act on the best evidence-based data 
available.
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