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Prostate cancer: current concepts in
diagnosis and treatment

ERIC A. KLEIN, MD

B Improvements in early detection, staging, and treatment of prostate cancer were seen during the last
decade, yet prostate cancer continues to account for significant morbidity and mortality in older men.
Current diagnostic and staging techniques, surgical and nonsurgical therapy, operative complications,

palliative care, and the role of screening are reviewed.
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LTHOUGH PROSTATE CANCER is bet-

ter understood today than it was 10 years

ago, essential questions about etiology,

screening, and treatment limitations
remain to be addressed. This article reviews current
knowledge of incidence, diagnosis, staging, and
therapy, and lends perspective to the controversies sur-
rounding prostate cancer screening and the optimal
use of various screening techniques.

BACKGROUND

In 1990, adenocarcinoma of the prostate became
the cancer with the highest incidence in American
men, surpassing carcinoma of the lung. An estimated
100,000 new cases of prostate cancer were diagnosed,
with more than 28,000 deaths.! Despite advances in
early detection, staging, and treatment during the last
decade, prostate cancer ranks third as a cause of cancer
deaths in US men, behind lung and colon cancer, and
still accounts for a significant level of morbidity in
older men.

Little is known about the biologic origins of prostate
cancer. The disparity between clinically evident can-
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cers and the very high incidence of cancer of the pros-
tate observed at autopsy (70% incidence in the ninth
decade) remains unexplained. Also unexplained are
differences in the incidence and death rates from pros-
tate cancer across geographic and racial boundaries.
The incidence of clinically detectable prostate cancer
ranges from 0.8 per 100,000 in China to 100.2 per
100,000 blacks in California.? Mortality rates for pros-
tate cancer also vary widely: 3 per 100,000 in Uruguay,
12 per 100,000 in Germany, 22 per 100,000 in the US,
and 32 per 100,000 in Sweden.?

Prostate cancer has not yet been linked to potential
causative factors such as diet, sexual activity, venereal
disease, smoking, or environmental exposure. Because
prostate cancer is usually sensitive to androgen
withdrawal, one hypothesis is that high serum tes-
tosterone levels are pathogenic. One study has sug-
gested that serum testosterone levels are higher in
young blacks than in whites,* an intriguing observation
in view of the observed higher incidence of prostate
cancer in black men (lifetime risk approximately 11%)
compared with white men (9%).

Recent epidemiologic studies have shown that the
risk of prostate cancer is twice as high when a first-de-
gree relative is affected, and almost nine times as high
when both a first- and second-degree relative are af-
fected.> Another clearly associated risk factor is age,
with incidence (clinically and at autopsy) and mor-
tality rates beginning a steep climb at age 50. The
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occurrence of benign prostatic hyperplasia (BPH) does
not increase the risk of prostate cancer.?

Molecular and genetic studies have yet to identify
specific chromosomal abnormalities associated with
prostate cancer, although data from cell lines would
suggest that the short arm of chromosome 10 may be
important.® Specific alterations in oncogene structure
or function that may account for the development or
progression of prostate cancer are not yet identified.
One study reported that retroviral transfer of an intact
retinoblastoma gene (a known “tumor suppressor”
gene) into a prostate cancer cell line reversed the cell
line’s ability to form tumors in nude mice.” The pros-
tate is rich in both growth factors and growth factor
receptors, but the role of these molecules in normal
prostatic growth or cancer has yet to be defined.

DIAGNOSIS

The sine qua non for the diagnosis of prostate can-
cer is a tissue biopsy that reveals histological evidence
of cancerous prostate glands. Usually the biopsy is ob-
tained from a nodule in the peripheral zone of the
prostate detected by palpation during digital rectal
exam. Occasionally an unsuspected cancer is detected
in tissue removed during transurethral resection of the
prostate (TURP) performed because of obstructive
voiding symptoms. These cancers arise in the his-
tologically distinct transition zone and may have a
different biologic potential than cancers of the
peripheral zone. Many cases of prostate cancer are
suspected only when a patient is symptomatic from
systemic disease; these patients typically present with
back or joint pain, weight loss, fatigue, or failure to
thrive without symptoms referable to the prostate and
have diffuse metastatic disease apparent on bone scan.
An increasing number of patients with early-stage dis-
ease are diagnosed after screening studies that
demonstrate elevated serum levels of prostate-specific

antigen (PSA).

Prostate biopsy

The usual method of obtaining prostatic tissue is by
transrectal needle biopsy. The development of spring-
loaded disposable biopsy “guns” has made this a safe
and relatively painless procedure which can be per-
formed in the office without anesthesia. Patients take a
Fleet enema and an oral dose of a quinolone antibiotic
at home on the morning of the procedure. Antibiotics
are continued for 72 hours after biopsy. The use of
fine-needle aspiration biopsy is an acceptable alterna-
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tive to true needle biopsy whenever expertise in
cytologic diagnosis of prostate cancer is available.
However, diagnosis by needle aspiration does not per-
mit assignment of histologic grade (see below).

Transrectal ultrasonography (TRUS) of the prostate
allows precise localization of prostatic lesions and in-
creases confidence that the observed or palpable ab-
normality was actually sampled. Digitally guided
“blind” biopsies of palpable lesions are acceptable,
provided that a repeat biopsy with ultrasonic guidance
is performed if no cancer is evident on the initial tissue
specimen. TRUS should always be used to identify
nonpalpable lesions and to guide biopsies in men who
are biopsied because of elevated PSA levels. TRUS
also can be used to guide systematic random biopsies to
estimate the extent and pattern of distribution of can-
cer within the prostate.

Histology

The diagnosis of prostatic cancer can be difficult if
only a few glandular acini are present in a biopsy or if
only a few glands are involved. Histologic criteria for
the diagnosis of cancer include nuclear anaplasia, the
presence of prostatic crystalloids, and disruption of
normal acinar architecture. Invasion of perineural
spaces is a common finding. Cellular and glandular
atypia (prostatic dysplasia, prostatic intraepithelial
neoplasia, or carcinoma in situ) are frequently as-
sociated with cancer. The isolated finding of one of
these entities in a biopsy which does not contain frank
cancer should lead to a more systematic examination
and sampling of the prostate with repeated biopsies
under ultrasonic guidance. The development of
monoclonal antibodies specific for PSA and prostatic
acid phosphatase (PAP) allows immunohistochemical
staining of tissue samples to help confirm the prostatic
origin of equivocal biopsies or metastatic lesions.

The most widely accepted grading system for pros-
tate cancer was described by Gleason. Using this sys-
tem, cancers are graded from 2 to 10 by assessing the
primary and secondary architectural patterns of the
malignant glandular acini. Grade 2, 3, and 4 tumors are
considered well-differentiated, grades 5 to 7 moderate-
ly differentiated, and grades 8 to 10 poorly differen-
tiated. This system is reproducible and yields some
prognostic information.®

STAGING THE CANCER

Once the diagnosis of prostate cancer is established,
a staging evaluation is indicated. Staging determines
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TABLE

STAGING FOR PROSTATE CARCINOMA
B ST TR T———_——
Definitions:

Primary tumor (T)

TX Primary tumor cannot be assessed
TO No evidence of primary tumor
T1 Clinically inapparent tumor not palpable nor visible by imaging
Tla Tumor incidental histologic finding in 5%
or less of tissue resected
Tumor incidental histologic finding in more than 5%
of tissue resected
Tumor identified by needle biopsy
(eg, because of elevated prostate-specific antigen)
T2 Tumor confined within prostate
T2a Tumor involves half of a lobe or less
T2b  Tumor involves more than half of a lobe, but not both lobes
T2¢c  Tumor involves both lobes
T3 Tumor extends through the prostatic capsule
T3a Unilateral exracapsular extension
T3b Bilateral extracapsular extension
T3¢ Tumor invades seminal vesicle(s)
T4 Tumor is fixed or invades adjacent structures
other than seminal vesicles
T4a Tumor invades any of: bladder neck, external sphincter, rectum
T4b Tumor invades levator muscles and/or is fixed to pelvic wall

Tib
Tlc

Regional lymph nodes (N)

NX
NO
N1
N2

Regional lymph nodes cannot be assessed

No regional lymph node metastasis

Metastasis in a single lymph node, 2 cm or less in greatest dimension
Metastasis in a single lymph node, more than 2 cm but not

more than 5 cm in greatest dimensions, or multiple lymph node
metastases, hone more than 5 cm in greatest dimension

Metastasis in a lymph node more than 5 cm in greatest dimension

N3
Distant metastasis (M)

MX
MO
M1

Presence of distant metastasis cannot be assessed
No distant metastasis

Distant metastasis

Mla Nonregional lymph node(s)

M1b Bone(s)

Mlec Other site(s)

the extent of disease in order to define both treatment
and prognosis. The American Joint Committee on
Cancer Staging has recently approved an updated stag-
ing system which for the first time includes a staging
classification for nonpalpable tumors suspected by
elevations in serum PSA (stage T1c) (Table).

The distinction between stage T1a and T1b cancers
is somewhat controversial. Some consider only mini-
mal involvement (5%, or three or fewer chips) by
well-differentiated tumor (Gleason score 2 to 4) as
stage T1a, whereas others accept up to 10% involve-
ment of any grade less than 8. Patients with palpably
localized tumors (T2 and T3) and negative bone scans,
but elevated PSA or PAP, typically prove to have ex-
tracapsular extension on pathologic analysis and il-
lustrate the relative insensitivity of the digital rectal
exam and imaging modalities in the detection of
microscopic disease outside of the prostate.
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Determining local extent

The local extent of prostate cancer is best deter-
mined by digital rectal examination by an experienced
urologist. An assessment of the location and size of the
cancer is made with particular emphasis on determin-
ing whether there are signs of local spread through the
prostatic capsule into surrounding soft tissue, or in-
vasion of the seminal vesicles or bladder neck. The use
of TRUS and magnetic resonance imaging (MRI) in
determining the local extent of prostatic cancer has
been disappointing. A recent study from a cooperative
group found that in patients with operable prostate
cancer (stages T1 and T2) TRUS had only a 58%
staging accuracy and MRI a 69% accuracy as measured
by ability to detect cancer extending outside the pros-
tate.” A new trial employing an endorectal surface
coil®® and improved imaging software which may yield
superior MR images is currently underway. Computed
tomography (CT) of the prostate is too insensitive to
be helpful in defining the local extent of disease.!!

Metastatic disease

A screen for metastatic cancer should include a
general physical examination with special attention to
the presence of lymphadenopathy, abdominal mass,
and lower extremity edema. Chest roentgenography to
screen for unsuspected pulmonary pathology and
metastatic lesions to the lungs and ribs is also indi-
cated. Parenchymal lung metastases from prostate can-
cer are typically lymphangitic in appearance and may
be confused with interstitial fibrosis. An intravenous
urogram will screen for hydronephrosis, invasion of the
bladder base, unsuspected urologic anomalies, and
metastases to the pelvic bones.

Determination of serum tumor markers is also im-
portant. An elevated PAP is highly specific for the
presence of metastatic disease, but because serum
levels of PAP are elevated in only two thirds of patients
with metastases, the sensitivity of PAP is low. PSA is
the most sensitive tumor marker for prostate cancer,
although elevated levels may be detected in patients
with BPH or prostatitis. When malignancy is present,
serum levels of PSA are directly proportional to the
volume of cancer. Currently, two commercial assays for
PSA are available. The Hybritech Tandem R assay
defines normal PSA levels as O to 4.0 ng/mL; the Yang
assay defines normal between 0 to 2.5 ng/mL. A mild
degree of elevation in PSA (15 to 20 ng/mL) in a
patient with apparently localized prostate cancer often
indicates unsuspected invasion of the prostatic capsule
or seminal vesicles; higher levels almost invariably in-
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Digital rectal exam

detecting cancers, and each
can detect cancers that the
other will miss.

One problem with the

Transrectal + -
ultrasonography and biopsy

Prostate-specific
antigen

digital rectal exam is the in-
frequency with which it is

<4 ng/mL 4 t010 ng/mL
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performed. In a screening
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6 months
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vious year. Perhaps more

Repeat digital rectal exam and | - + alarming was that, of the

Treatment 153 who reported having a

general physical exam in

FIGURE. Practice guidelines for prostate cancer screening.

dicate periprostatic spread, nodal metastases, or occult
systemic disease.

A radionuclide bone scan is performed to screen for
skeletal metastases. Recent studies have suggested that
the likelihood of a positive scan is low (1%) in patients
with serum PSA levels by Hybritech assay below 20
ng/mL and may not be necessary in these patients.!
CT scans are insensitive in detecting the local extent
of prostatic cancer but may be useful in evaluating the
pelvic lymph nodes in patients with elevated PAP or
PSA. A CT scan in a patient with stage T1 or T2
cancer and normal serum markers does not usually add
clinically useful information.

SCREENING FOR PROSTATE CANCER

Screening for prostate cancer has become a topic of
concern both because of an increasing incidence of
cancer and the availability of sensitive and nonin-
vasive measures such as serum PSA and TRUS. Much
controversy remains over how best to screen the
general population, and some disagree over whether
earlier detection will decrease mortality.

There are conflicting reports on whether the addi-
tion of TRUS to digital rectal examination increases
the detection rate of prostate cancer. Overall the detec-
tion rate based on screening with digital exam alone is
about 1.5% to 4.0%, and with TRUS 2.5% to 6.5%,
although one recent study comparing digital exam and
TRUS in the same population found digital exam supe-
rior by 5.4% to 4.4%." Each method has limitations in
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the previous year, a digital
rectal exam was included in
only 56%.* TRUS is
limited because it has a significant learning curve and
because it will miss the 30% of prostate cancers that
appear isoechoic rather than hypoechoic. The
American Urological Association (AUA) has recog-
nized the value of TRUS as a diagnostic procedure but
has not endorsed its use for screening. I believe TRUS
is most useful for evaluating patients with abnormal
digital rectal exam and/or elevated PSA and for guiding
biopsies, rather than as a screening tool.

Research shows that the combination of digital rec-
tal exam and PSA assay can increase the detection rate
of prostate cancer. In a study of 1,807 men with digital
rectal exam, TRUS, and PSA assay (Hybritech),
Cooner showed that the rate of detection of prostate
cancer in men with an abnormal digital rectal exam
was 12% if the PSA was under 4 ng/mL, 43% if the
PSA was 4 to 10 ng/mL, and 76% if PSA was over 10
ng/mL." In men with normal prostates on digital rectal
exam, the corresponding detection rates were 2%, 7%,
and 28%. In patients with normal digital exam and
PSA under 4 ng/mL, 11 patients were biopsied for each
cancer detected. The corresponding ratio for PSA be-
tween 4 to 10 ng/mL was 7:1 and for PSA above 10
ng/mL, 3:1. These data suggest that it may not be
cost-effective to biopsy men with normal digital rectal
exam and PSA levels under 10 ng/mL.

Based on these considerations, I use the following
guidelines in my practice (Figure):

1. All men over age 40 undergo a screening digital
rectal exam yearly. This is in accordance with AUA
recommendations.
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2. Serum PSA is determined in men between the
ages of 50 and 70, and in younger men with symptoms
suggesting bladder outlet obstruction owing to pros-
tatic enlargement or a family history of prostate cancer.

3. Men with normal digital rectal exam and PSA
levels under 4 ng/mL are followed yearly with repeat
digital exam and PSA assay. Men with normal digital
rectal exam and PSA levels between 4 and 10 ng/mL
are reevaluated at 6 months.

4. Men with an abnormal digital rectal exam or PSA
levels over 10 ng/mL undergo TRUS and biopsy. If the
biopsy is positive, appropriate treatment is instituted. If
the biopsy is negative, digital exam and PSA assay are
repeated in 6 months; TRUS is again performed if
either test has changed significantly or if the suspicion
of cancer remains high.

TREATMENT

Treatment of prostate cancer is determined by clini-
cal stage. It is axiomatic that patients with cancers
confined to the prostate can be cured, while those with
extraprostatic spread cannot. Practically speaking this
means that stage T1 and T2 cancers are generally
curable, some “small” stage T3 cancers are curable, and
larger stage T3 and metastatic cancers are not curable.

Localized cancers

Older patients with stage T1a cancers are at low risk
for tumor progression (12% to 15% in 8 years)'® and
may safely be followed with periodic digital rectal
exam and PSA assay. Younger patients (those with at
least a 15-year life expectancy) with stage Tla disease
should undergo definitive therapy as described below.

Patients with stage T1b or T2 cancers are potential-
ly curable by radical prostatectomy or external-beam
radiotherapy. While recent years have witnessed a
renewed interest in radical prostatectomy, its supe-
riority over external-beam radiation in curing patients
has not been established.? Disease-specific survival of
90% at 5 and 10 years has been reported with both
surgery and radiation therapy.

Radical prostatectomy

Radical prostatectomy is now commonly performed
with reduced morbidity and little mortality in patients
up to age 70 (and selected patients up to age 75).
Modifications in the dissection of the urethra at the
prostatic apex and bladder neck have resulted in the
return of continence postoperatively in 50% of patients
by 5 weeks and in 82% by 12 weeks.!” Overall con-
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tinence rates approach 90%, with 5% to 8% requiring
one to three pads per day for stress incontinence; only
1% to 2% never achieve continence. The use of the
nerve-sparing technique in selected patients can spare
potency in 50% to 80% depending upon age, preopera-
tive sexual function, and postoperative motivation.

Using the retropubic surgical approach, bilateral
pelvic lymphadenectomy is performed before removal
of the prostate. 1 proceed with prostatectomy only in
those patients with negative lymph nodes as deter-
mined by frozen section examination (which has 80%
accuracy). The role of radical prostatectomy with or
without early androgen ablation therapy in patients
with positive lymph nodes is controversial. The similar
survival rates reported in patients treated with both
prostatectomy and early androgen ablation therapy are
mostly likely due to the endocrine therapy rather than
to the prostatectomy. The added benefit of avoiding
symptoms of local progression by the addition of radi-
cal prostatectomy to androgen ablation has not been
proven. The use of laparoscopy to perform pelvic lym-
phadenectomy is currently under clinical trial, and its
ultimate role in the management of patients with pros-
tate cancer is not yet determined.

Following radical prostatectomy, patients are fol-
lowed at yearly intervals. A baseline serum PSA level
should be checked within several weeks of surgery.
PSA should fall to an undetectable level in patients
who have had complete tumor excision. Any detec-
table level of PSA in the early postoperative period
implies the presence of residual cancer, even if the
level is within the range of “normal” for the laboratory;
the optimum management of these patients with ob-
servation, adjuvant radiotherapy, or androgen ablation
is undefined. A rising PSA level in a patient with
previously undetectable PSA usually heralds a local or
distant recurrence. TRUS can be used to guide biopsies
of the vesicourethral anastomosis in patients with
elevated PSA levels but no palpable lesion transrectal-
ly; one study documented a 40% incidence of nonpal-
pable local recurrence using this approach.?

Radiation therapy

External-beam radiotherapy is indicated in patients
who refuse surgery or have medical contraindications
to surgery. Typically, patients experience some urinary
urgency, rectal tenesmus, diarrhea, and fatigue during
treatment; these symptoms resolve after completion of
therapy. Potency can be spared in about 50% of
patients treated with external-beam radiotherapy, and
incontinence is rare. PSA levels which do not fall to
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within the normal range within 6 months after therapy
are associated with a higher incidence of local recur-
rence.'® The presence of cancer on biopsy of an ir-
radiated prostate usually heralds distant relapse. The
role of salvage radical prostatectomy for radiation
failures is also controversial. En bloc removal of the
bladder is sometimes necessary; in instances where the
prostate can be removed alone, the incontinence rate
is reported as high as 50%.

Interstitial radiotherapy with '®I or *Au has
recently fallen out of favor because of poor long-term
rates of local control. Newer isotopes implanted with
the use of perineal templates are currently under inves-
tigation.

Advanced cancers

The optimum therapy for patients with stage T3
prostate cancer is not defined. The relative inability of
radiation therapy to sterilize pelvic lymph node metas-
tases coupled with a 50% incidence of nodal metas-
tases in stage T3 lesions limits the usefulness of exter-
nal-beam radiotherapy. Androgen ablation therapy is
often used as an alternative. Radical prostatectomy is
generally not indicated in stage T3 cancer because of a
significant incidence of incomplete tumor excision.
The benefits of attempting to “downstage” stage T3
cancers preoperatively with neoadjuvant antiandrogen
therapy before prostatectomy remains to be proven.

At present, metastatic cancers are not curable but
can be effectively palliated for relatively long periods.
Surgical castration or oral estrogens have been the
mainstays of treatment for metastatic cancers since the
observation of Huggins and Hodges® that androgen
deprivation has an antitumor effect. Both have docu-
mented therapeutic efficacy, and both remain
reasonable treatment choices. Orchiectomy avoids
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