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CLINICAL PRACTICE

Localized Prostate Cancer

Patrick C. Walsh, M.D., Theodore L. DeWeese, M.D., and Mario A. Eisenberger, M.D.

This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the authors’ clinical recommendations.

A 68-year-old man presents with newly diagnosed prostate cancer. Over the past
3 years, his serum prostate-specific antigen (PSA) level has been slowly and steadily
increasing (from 4.0 ng per milliliter to 4.3 ng per milliliter to 4.7 ng per milliliter).
His digital rectal examination is normal; the prostate volume, estimated by means of’
ultrasonography, is 48 ml, and a needle-biopsy specimen reveals an adenocarcinoma
with a Gleason score of 6 (the sum of the numbers associated with the most common
and second most common histologic patterns — in this case, 3 plus 3). The adenocar-
cinoma involves 10% of 1 of the 12 cores. The patient otherwise is well, is taking no
medication, and has normal sexual function. How should his case be managed?

THE CLINICAL PROBLEM

In 2007, approximately 1 of 6 men in the United States received a diagnosis of pros-
tate cancer, and 1 of 34 died from it.* The median age at diagnosis was 68 years;
this is the highest age-specific incidence of any cancer. As compared with white
men, black men have a 40% higher risk of the disease and twice the rate of death.
The mortality due to prostate cancer has steadily declined for a decade, and it de-
creased by 4% per year between 1999 and 2003. This decrease may be attributable
to several factors, including earlier detection of cancer and improved local and pos-
sibly systemic treatment.

The routine use of PSA testing has had a profound effect on the management of
the disease. The lead time associated with PSA testing has been estimated to be as
long as 10 years, which is reflected in the migration that has occurred in all stages
of the disease over the past 25 years.? In 1982, one third of men presented with
distant metastases, as compared with less than 5% of men today. However, because
30 to 50% of men who receive a diagnosis of prostate cancer may not have life-
threatening disease, treatment decisions must take into account tumor staging
and risk assessment, evaluation of coexisting conditions and life expectancy, and
consideration of the efficacies and major side effects of multiple available treat-
ment regimens. An informed patient must be a full partner in the decision-making
process.?

STRATEGIES AND EVIDENCE

EVALUATION

The initial evaluation includes an assessment of the extent of the tumor and the
patient’s expected longevity. Three readily available clinical variables that correlate
well with the pathological extent of the disease and the probability of cure are the
Gleason score (Fig. 1), the PSA level, and the clinical stage (Table 1).
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Hopkins Medical Institutions.

Figure 1. Histologic Specimens and Corresponding Gleason Scores.

Gleason scores represent the sum of the numbers associated with the most common histologic pattern plus the sec-
ondary pattern. Gleason grades correspond to a scale of 1 to 5, with 1 indicating low-grade carcinoma and 5 indicat-
ing high-grade carcinoma. Panel A shows individual, well-formed glands (Gleason score of 6, or 3 plus 3). Panel B
shows primarily individual well-formed glands (left-hand side) with poorly formed, fused glands (right-hand side)
(Gleason score of 7, or 3 plus 4). Panel C shows primarily poorly formed, fused glands with a few individual well-
formed glands (center) (Gleason score of 7, or 4 plus 3). Panel D shows cribriform glands with only poorly formed
glandular lumina (Gleason score of 8, or 4 plus 4). Photomicrographs are courtesy of Dr. Jonathan Epstein, Johns

These three variables can be considered in
combination with the use of a validated nomo-
gram to estimate the probability of the progres-
sion of disease outside the prostate (an example
of such a nomogram is available in the Supple-
mentary Appendix, available with the full text of
this article at www.nejm.org).**2 The pathologi-
cal findings at radical prostatectomy can be cat-
egorized into one of four mutually exclusive
groups: organ-confined disease, extracapsular
extension, seminal-vesicle invasion, and lymph-
node metastases. Because the pathological-stage
groupings do not directly predict the outcome of

any given form of treatment, validated Web-based
nomograms have also been developed to predict
biochemical failure 10 years after radical prosta-
tectomy (see the Supplementary Appendix).>™13

Imaging

No forms of imaging accurately estimate the ex-
tent of tumor and its location within the prostate
or in the area surrounding it. The National Com-
prehensive Cancer Network (NCCN) guidelines
recommend imaging studies in only a selected
group of patients (Wwww.nccn.org/professionals/
physician_gls/PDF/prostate.pdf)* (Table 1).
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Table 1. Initial Evaluation of Prostate Cancer.*

Variable

Gleason score

PSA
PSA levely

PSA density
Free PSA

PSA velocity

Clinical stage::
Tl

Tla

Tlb

Tlc
T2

T2a

T2b

T2c
T3

T3a

T3b

T3c
T4
Imaging

Bone scan
Pelvic CT scan or MRI

Assessment of life
expectancy

Description

Estimation of tumor differentiation based on five histologic patterns (Epstein et al.%); com-
posed of the sum of the numbers associated with the most common and second most
common patterns (patterns 1 and 2 not seen in needle-biopsy specimens); tumor aggres-
siveness increases with the score (e.g., 3+4 is less aggressive than 4+4)

Prostate-specific but not cancer-specific. To correct for elevations arising from benign disease,
PSA density, free PSA, and PSA velocity can be measured (Freedland and Partin®)

PSA level divided by estimation of prostate volume by means of ultrasonography; adjusts PSA
for prostate size; <0.1 in men without cancer

The molecular form of PSA not bound to alpha,-antichymotrypsin; higher in men with benign
disease; <15% suggests clinically significant or more aggressive disease

Change in PSA in ng/ml/yr; >2 ng/ml/yr in the year before diagnosis indicates an increased
risk of death from prostate cancer (D’Amico et al.*?)

Tumor is not palpable

<5% of resected tissue removed by means of transurethral resection
>5% of resected tissue removed by means of transurethral resection
Tumor identified by means of needle biopsy

Tumor is palpable but confined to prostate

Tumor involves <50% of one lobe

Tumor involves >50% of one lobe

Tumor involves both lobes

Tumor is palpable and extends beyond the prostate

Unilateral extracapsular extension

Bilateral extracapsular extension

Tumor involves the seminal vesicles

Tumor is palpable and is fixed or invades adjacent structures

For patients with stage T1 or T2 disease (PSA >20 ng/ml or Gleason score >7), patients with
stage T3 or T4 disease, and all men with bone pain

For patients with stage T1 or T2 disease if nomogram indicates >20% probability of lymph-
node involvement and for patients with stage T3 or T4 disease

Determined by means of standard nomograms (e.g., www.ssa.gov/OACT/STATS/table4c6.html)

* Information on the Gleason score, prostate-specific antigen (PSA) level, and clinical stage is used to assess the extent
of disease (data are from Makarov et al.#) and prognosis after radical prostatectomy (data are from Han et al.,® Han
et al.,® and Stephenson et al.”).

Overall serum PSA levels correlate well with the extent of disease and prognosis, but there are exceptions. Because tu-

mors that are more poorly differentiated produce less PSA per gram of tissue, some patients with advanced disease
have low PSA levels. Conversely, some patients with very high PSA levels (sometimes >100 ng per milliliter) have organ-
confined curable disease (usually confined to the anterior prostate).

Most patients who receive a diagnosis of stage Tlc disease have potentially curable disease. However, the prognosis

is poorer in men with PSA levels greater than 10 ng per milliliter or Gleason scores of 7 or more. Data are from Gretzer
et al.™ The clinical stages in men with palpable tumors (stages T2 and T3) correlate well with prognoses because they
reflect local tumor volume.

Assessment of Life Expectancy the lead time) by 5 to 10 years and since a 65-year-
The average age at diagnosis of prostate cancer is old white man could be expected to live an average
68 years, and the average age at the time of death of 16.3 more years, and a black man 14.5 more
among men with metastatic disease is 80 years. years, the estimation of life expectancy is a key
Since PSA testing has advanced the diagnosis (i.e., determinant in the selection of therapy. The NCCN
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guidelines recommend the use of the Social Se-
curity Administration tables for estimating life
expectancy (Www.ssa.gov/OACT/STATS/table4c6.
html). These guidelines also recommend the ad-
justment of predicted values by “adding 50% for
patients in the best quartile of health and sub-
tracting 50% for those in the worst quartile of
health.”# Similar tables that are specific to black
men are also available (e.g., www.cdc.gov/nchs/
data/nvsr/nvsr51/nvsr51_03.pdf).

TREATMENT
During the initial evaluation, if a patient is found
to have localized prostate cancer with no exten-
sion to the seminal vesicles, regional lymph nodes,
or a distant site, he is a candidate for one of three
forms of therapy: expectant management, radia-
tion therapy, or surgery. There are no data from
randomized trials comparing all three approach-
es, and only one randomized trial has compared
any two of these strategies: a Scandinavian trial
compared radical prostatectomy with “watchful
waiting.”*> The study population involved men
with disease that was diagnosed on the basis of
symptoms or signs (i.e., not by means of PSA
screening) and thus was more advanced at diag-
nosis than is common today. Also, unlike expect-
ant management today, the follow-up protocol for
men in the watchful-waiting group was not struc-
tured to detect the earliest sign of progression in
order to permit curative intervention. At 10 years
of follow-up, as compared with watchful waiting,
surgery had reduced the rate of progression to dis-
tant metastases (15.2% in the surgery group vs.
25.4% in the watchful-waiting group), decreased
the rate of death from cancer (9.6% vs. 14.9%),
and decreased death from all causes (27% vs.
32%).1> However, the survival benefit was limited
to men who were younger than 65 years of age at
the time of treatment. This benefit was associat-
ed with an 11.0% absolute reduction in deaths from
prostate cancer, as compared with only a 0.3%
reduction among men 65 years of age or older.
The results of this trial suggest that more than
300 men 65 years of age or older would need to
undergo surgery in order to prevent one death
from prostate cancer at 10 years; thus, many older
men who receive a diagnosis of screening-detected
prostate cancer do not gain years of life with
curative intervention. In selected older men who
are considered to have low-risk disease, an alter-
native approach is careful monitoring, with treat-
ment delayed until the disease progresses.

Expectant Management
Expectant management, which is also called ac-
tive surveillance, is an appropriate strategy for
patients who have a life expectancy of less than
10 years and for healthy men 65 years of age or
older who are considered to have low-volume,
low-grade prostate cancer (i.e., fewer than three
cores involved with tumor, a Gleason score below
7, less than 50% involvement of any core, and a
PSA density [the PSA level divided by the prostate
volume] below 0.15 or a free PSA level above
15%).%® There are a number of conservative ways
to manage the disease in men with a short life
expectancy, if progression occurs. These options
include transurethral resection of the prostate,
radiation therapy, and hormonal therapy. Healthy
men 65 years of age or older who are likely to
have low-volume disease are followed closely, with
serum PSA testing and digital rectal examinations
every 6 months and biopsies at frequent inter-
vals. These tests are performed to detect progres-
sion when the disease is still curable. PSA testing
alone is not sufficient for monitoring the disease,
because 25% of patients with progressive disease
have little or no increase in the PSA level.'”

Although there are no data from randomized
trials on the safety and efficacy of this approach,
encouraging results have been reported from at
least two centers. One case series involving 299
men included two groups of patients: men young-
er than 70 years of age with PSA levels below
10 ng per milliliter and Gleason scores of less
than 7 and men 70 years of age or older with
PSA levels below 15 and Gleason scores less than
or equal to 7 (combined numbers 3+4). Follow-
up for these men included assessment of PSA
doubling times and periodic biopsies for a mean
period of 64 months. A total of 34% of the men
had evidence of disease progression, but overall,
at 8 years only 0.8% had died from cancer.'® In
another study, involving 320 men enrolled in an
expectant-management program during the pe-
riod between 1995 and 2005, a total of 98 men
underwent curative intervention because of signs
of progression or personal preference after a
median observation period of 26.5 months.?
There was no evidence that a delay in surgery
compromised curability in this group as com-
pared with that of a cohort of matched contem-
porary patients who underwent immediate sur-
gery. However, longer follow-up will be necessary
to confirm these findings.

Conservative management is not ideal for pa-
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tients younger than 65 years of age, because they
have the most to lose if the tumor burden is
underestimated at the time of diagnosis; this
occurs in approximately 25% of patients with the
use of current criteria.1®2°

Radiation Therapy

Radiation therapy is another option for the treat-
ment of localized prostate cancer. Previously, the
use of nonconformal radiation therapy necessi-
tated lower doses of radiation to avoid an unaccep-
tably high risk of side effects; this resulted in a
higher likelihood of cancer recurrence.?* Current-
ly, radiation therapy is most commonly delivered
by means of conformal, externally applied tech-
niques. Either three-dimensional imaging is used
to localize the prostate and the beams are shaped
to match the contour of the prostate, or radioac-
tive iodine-125 or palladium-103 seeds are im-
planted directly into the prostate. Prospective stud-
ies have shown that higher doses of radiation can
be delivered safely with the use of conformal tech-
niques, with better cancer control than is achieved
with the use of nonconformal techniques.??23

The advantages of radiation therapy are that
it is noninvasive or minimally invasive and it is
less likely than radical prostatectomy to cause
certain complications such as severe urinary in-
continence.?* In addition, radiation therapy can
be used in the care of men with nonmetastatic
prostate cancer of various degrees of severity,
including men who are at higher risk for extra-
prostatic extension.

There are no data from well-controlled, ran-
domized trials comparing the treatment out-
comes of radiation therapy and surgery. Nonethe-
less, observational data suggest that the long-term
disease control achieved with contemporary radi-
ation therapy is similar to that achieved with
radical prostatectomy.2>2° Two prospective stud-
ies have shown that higher doses of radiation can
be delivered safely with conformal techniques
and that such doses are associated with increased
survival rates without an increase in PSA levels.?2:2
Dose-escalated radiation with the use of confor-
mal techniques causes intermittent rectal bleeding
of grade 2 or higher (requiring transfusions, in-
terventional radiology, or endoscopic or operative
intervention) in 1.5 to 18% of patients?3*2° and
causes impotence in 40 to 60% of patients.2%27

The most commonly used techniques are in-
tensity-modulated radiation therapy and image-
guided radiation therapy (Fig. 2). These techniques

take advantage of sophisticated beam shaping
and computed tomographic imaging systems that
are incorporated into the linear accelerator and
provide an enhanced ability to target the pros-
tate, allowing for more accurate delivery of the
highly sculpted beam to the prostate while mini-
mizing doses of radiation to surrounding normal
tissues such as the rectum. These techniques re-
quire sophisticated equipment and experienced
staff, and patients should thus be referred to
centers with considerable experience in their ap-
plication.

Surgery

Radical prostatectomy involves removal of the en-
tire prostate and seminal vesicles along with suf-
ficient surrounding tissue to obtain a negative
surgical margin; this procedure is often accom-
panied by a bilateral pelvic lymph-node dissection.
The perceived advantage of radical prostatectomy
is that there is no better way to cure a cancer
that is completely confined to the prostate than
total surgical removal.

Radical retropubic and perineal prostatecto-
mies are performed through open incisions or
laparoscopically, sometimes with robot-assisted
methods. As compared with other approaches,
laparoscopic approaches are associated with less
blood loss during surgery, but this reduction in
blood loss has not led to a reduction in the need
for transfusion, nor has it led to a decrease in
pain or the duration of hospitalization.?® Further-
more, there is a concern among some surgeons
that it is more difficult to obtain clear surgical
margins laparoscopically, especially in patients
who have organ-confined cancer. In one study of
laparoscopic surgery, 7.7% of the patients with
organ-confined disease had positive margins.2°
In contrast, in more than 7000 open operations
performed by multiple surgeons, only 1.8% of the
patients had positive margins.3° An anatomical
approach to radical prostatectomy (Fig. 3) has
been used increasingly. In this approach, there is
precise control of bleeding from the dorsal-vein
complex and preservation of the cavernous nerves
where appropriate.3*

Observational data indicate that, as compared
with earlier surgical approaches, the anatomical
approach results in less blood loss, a 30-day mor-
tality after surgery that is 10 times lower (0.2 to
0.4%), and, in the hands of an experienced sur-
geon using the nerve-sparing technique, reduc-
tions in the rates of the two most common surgi-
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A Linear
accelerator

Figure 2. Image-Guided Radiation Therapy.

Panel A shows rotation of a linear accelerator gantry using radiography to obtain three-dimensional anatomical information. Panel B is
a reconstructed cone-beam computed tomographic (CT) image of the prostate and surrounding tissues. The planning CT scan can be
compared with this scan to ensure that the prostate position is correct.

cal complications: clinically significant inconti-
nence (3%) and impotence (30%).32:3> However,
other estimates from studies in the United States
have been less promising, with rates of incon-
tinence as high as 74% and rates of impotence
as high as 90%.3+3% Thus, patients considering
surgery should be referred to surgeons with con-
siderable experience in order to optimize the
likelihood of effective cancer control and to mini-
mize the likelihood of complications.3°

AREAS OF UNCERTAINTY

A comparison of cancer control after surgery with
cancer control after radiation therapy is compli-
cated by the rapid evolution of improved forms of
radiation therapy and the long follow-up period
necessary to show an effect on survival. Because
long-term mortality data are not available, surro-
gate end points such as the PSA level are often
used as biomarkers of freedom from disease re-
currence. Although a PSA level that is higher
than 0.2 ng per milliliter is a very sensitive indi-
cator of disease recurrence after surgery, it is non-
specific; in a recent study, it was not associated
with metastasis or death from cancer 25 years
after surgery.?” After radiation therapy, because

the entire prostate is often not ablated, a different
cutoff point is needed to indicate disease recur-
rence; the current cutoff point is a PSA level that
is more than 2.0 ng per milliliter higher than the
nadir after irradiation.3® Although this definition
is more specific for treatment failure, it lacks sen-
sitivity. Thus, cancer control after surgery or radi-
ation therapy as measured by these two different
end points cannot be directly compared. Further-
more, selection bias in surgical series is impos-
sible to quantify and can lead to a more favorable
outcome. Finally, the safety of expectant manage-
ment will be known only when data on long-term
outcomes are available.

Without randomized trials involving patients
who receive a diagnosis on the basis of PSA screen-
ing, it is impossible to make definitive treatment
recommendations. Three large randomized trials
are in progress to determine whether screening
and treatment for prostate cancer will reduce
deaths from cancer: the Prostate, Lung, Colorec-
tal and Ovarian Cancer Screening Trial (PLCO),3°
the European Randomized Study of Screening for
Prostate Cancer (ERSPC),*° and the Prostate Test-
ing for Cancer and Treatment (ProtecT) trial in the
United Kingdom.* Completion of the PLCO and
ERSPC trials is expected within the next 5 years;
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Figure 3 (facing page). Anatomical Approach to Radical
Prostatectomy.

Panel A shows the surgical technique for nerve sparing
during radical prostatectomy. Branches of the neuro-
vascular bundle to the prostate have been ligated and
divided. Panel B shows the surgical technique for uni-
lateral wide excision of the neurovascular bundle on
the right side.

however, because PSA screening of the control
groups may occur outside these studies and de-
finitive treatment with surgery or radiation ther-
apy is not mandated, it is uncertain whether these
trials will have sufficient power to address the
primary end point of reductions in deaths from
cancer. The ProtecT trial is a randomized treat-
ment trial (comparing radical prostatectomy, con-
formal radiotherapy, and expectant management)
nested within a screening trial; enrollment is not
expected to be complete until May 2008. The
Prostate Cancer Intervention versus Observation
Trial (PIVOT) is a randomized trial of surgery
versus observation in men who received a diagno-
sis by means of PSA screening; this trial has

of progression, they will be offered surgery, irra-
diation, or hormonal therapy.

Two minimally invasive forms of therapy for
the treatment of localized prostate cancer have
been proposed: cryotherapy, which involves freez-
ing the prostate by forcing pressurized argon gas
through multiple 17-gauge needles that are placed
through the perineum into the prostate, and
high-intensity focused ultrasonography, in which
the prostate is heated by a beam of focused ultra-
sound waves arising from and guided by an ultra-
sound probe that is placed in the rectum. How-
ever, there are insufficient data to provide support
for their use as alternatives to surgery or radia-
tion for localized prostate cancer.*?

It remains unknown whether there is a role for
adjuvant systemic therapy (chemotherapy or hor-
monal therapy) immediately after primary treat-
ment in patients who are considered to be at high
risk for recurrence on the basis of nomograms
or adverse pathological findings in a radical-pros-
tatectomy specimen.

GUIDELINES FROM PROFESSIONAL

completed enrollment of 731 men, with a planned
follow-up period of 15 years.** In contrast to the
Scandinavian trial, patients in the observation
group will be monitored closely, and at the time

SOCIETIES

A multidisciplinary panel was convened by the
American Urological Association to provide guide-

Table 2. Guidelines for the Management of Localized Prostate Cancer from the American Urological Association.*

Risk Recommendation

Low (PSA <10 ng/ml,
Gleason score <7,
and clinical stage
TlcorT2a)

Option
Active surveillance, brachytherapy,

external-beam radiotherapy,
radical prostatectomy

Consider patient’s preference and health condition related to urinary, sexual,
and bowel function; each treatment may improve, exacerbate, or have
no effect on individual health, making no one treatment preferable for
all; inform patient that two randomized trials showed that higher doses
of radiation decreased the risk of prostate-cancer recurrence and one
randomized trial showed that surgery may be associated with improved
survival and a lower risk of cancer recurrence and cancer-related death
than watchful waiting; determine the aim of second-line curative or palli-
ative therapy during active surveillance and tailor follow-up accordingly

Consider patient’s preference and urinary, sexual, and bowel function; in-
form patient that one randomized trial showed that the use of neoadju-
vant and concurrent hormonal therapy for 6 mo may prolong survival
among patients who have received conventional-dose radiotherapy,
one randomized trial showed that radical prostatectomy may be asso-
ciated with improved survival and a lower risk of cancer recurrence and
cancer-related death than active surveillance, and two randomized trials
showed that higher doses of radiation may decrease the risk of prostate-
cancer recurrence; determine the aim of second-line curative or pallia-
tive therapy during active surveillance and tailor follow-up accordingly

Inform patient that one randomized trial showed that radical prostatectomy
may be associated with improved survival and a lower risk of cancer
recurrence and cancer-related death than active surveillance and one
randomized, controlled trial showed that the use of adjuvant and con-
current hormonal therapy may prolong survival among patients who
have received radiotherapy

Intermediate (PSA
10-20 ng/ml, or
Gleason score 7, or
clinical stage T2b)

Active surveillance, brachytherapy,
external-beam radiotherapy,
radical prostatectomy

High (PSA >20 ng/ml,
or Gleason score
8-12, or clinical
stage T2c)

Active surveillance, brachytherapy,
external-beam radiotherapy,
and radical prostatectomy are
options; prostate-cancer recur-
rence rates are high with all of
these options

* PSA denotes prostate-specific antigen.
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lines for the management of clinically localized
prostate cancer.?® These recommendations, which
are based primarily on observational data, given
the lack of randomized, controlled trials, are
summarized in Table 2.

CONCLUSIONS
AND RECOMMENDATIONS

The patient described in the vignette has low-risk
prostate cancer and meets the criteria suggesting
the presence of low-volume disease (i.e., favor-
able pathological findings and a PSA density be-
low 0.15). The patient should be informed that
expectant management would be the approach
with the fewest side effects and that limited avail-

able data suggest that he has approximately a 25
to 40% risk of progression, requiring definitive
treatment, within 5 years. Although there are no
randomized, controlled trials that show the abso-
lute safety of this approach, available evidence sug-
gests that with careful monitoring every 6 months
and biopsies at regular intervals, deferring treat-
ment until there are signs of progression is un-
likely to affect the likelihood of cure. The options
of surgery and radiation therapy should also be
presented, with attention to the potential ben-
efits and the side effects as well as patient pref-
erences.>

No potential conflict of interest relevant to this article was
reported.
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