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Carcinoma of the Prostate:

Overview of the Most Common Malignancy in Men

Culley C. Carson Ill, MD

In the United States and North Carolina carcinoma of the
prostate is the most common non-cutaneous malignant
process and second most common cause of cancer death among
United States men. Since carcinoma of the prostate strikes middle-
aged and elderly men and usually has a prolonged progression,
the controversy regarding the health effects, treatment, survival,
and, most importantly, screening continues throughout the
medical literature. Because of this prolonged course and the
difficulty with identifying the most indolent tumors, it has
been widely suggested that prostate cancer is over diagnosed, as
many men may live with prostate cancer with no effect on
either their quality of life or ultimate
longevity.

More than 230,000 men are diag-
nosed with prostate cancer in the
United States annually. Of these,
more than 30,000 die of their disease.
Mortality from prostate cancer is,
therefore, second only to lung cancer
for men in the United States." The
possibility of an American man
acquiring prostate cancer during his
lifetime is approximately 15%. Of
great importance, however, is the fall in prostate cancer mortality
witnessed since 1994. Similarly, the incidence of prostate cancer
in all populations has begun to decline, with the initial decline
beginning in 1993. This decline is observed in both white and
black patients.' While the etiology of carcinoma of the prostate
remains elusive, some associated risk factors have been identified.

Risk Factors

Genetic influences may determine the risk of carcinoma of
the prostate in some men. Indeed men with first-degree male
relatives with prostate cancer have more than a two-fold
increase in their incidence of prostate cancer, and men with two
or three first-degree relatives with carcinoma of the prostate
may have as high as a five-to-ten fold increased risk.

“..1t has been su

the PSA threshold for biopsy of
4.0 ng/ml should be lowered. Such
lowering, however, will increase the

number of biopsies performed...”

Approximately 10-12% of prostate cancer cases are genetically
influenced, and these most often manifest as prostate cancer in
patients under age 60. This genetic increase is most marked in
African American men. The highest risk for prostate cancer for
Aftican American men is seen in eastern North Carolina.” The
reason for the high prevalence of prostate cancer remains contro-
versial. Men living in Africa have one of the lowest prevalences of
prostate cancer in the world. Diet may have an influence, as diets
high in saturated fat have been associated with increased risk
for prostate cancer, while antioxidants, such as selenium,
lycopenes, and vitamin E, have been reported to decrease risk.

ested that

Indeed, the lifestyle trait in United States men that is most
highly associated with both the incidence and mortality of
prostate cancer is diet. Diets high in meat with high animal fat
and low levels of fruits and vegetables appear to be associated
with higher risks and mortality from prostate cancer.” A
prospective study of more than 50,000 men reporting diet and
associated risk of prostate cancer demonstrated that red meat
consumption was highly associated with carcinoma of the
prostate.* Studies have also demonstrated decreased prostate
cancer among men consuming the antioxidant, selenium, and
vitamin E.* A current, ongoing study (SELECT) further eluci-
dates this association.” Because of the many basic science and
epidemiologic studies that suggest there is decreased prostate
cancer prevalence with the intake of antioxidants, it appears
that oxidative stresses may contribute to the genesis of prostate
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cancer. These oxidants, in addition to diet, may be produced by
environmental exposures and inflammation. Indeed androgens
(steroid hormones, such as testosterone) associated with prostate
cancer may increase oxidant effects in prostate cancer cells.®

Increasing evidence suggests that chronic inflammatory
processes may have an etiologic role in human cancers, including
prostate cancer.” While the symptoms of inflammation or infec-
tion in the prostate are uncommon preceding the diagnosis of
prostate cancer, radical prostatectomy specimens often demon-
strate evidence for chronic inflammatory conditions. Although
the association of these prostatic conditions continues to
strengthen, no specific etiology has been defined. Inhibition of
GSTP1 gene expression, which encodes glutathione S-transferase
capable of cell damage from oxidant stress, and is frequently
found in prostate cancer cells. Lesions of proliferative, inflam-
matory atrophy with activated inflammatory and epithelial
cells may be precursors to prostatic carcinoma.” Clinically,
other non-specific inflammatory markers, such as C-reactive
protein also have been associated with rising PSA levels and
prostate cancer.®

Prostate Cancer Prevention

The fact that prostate cancer occurs in such high numbers of
men and later in life in addition to evidence suggesting environ-
mental influences in its etiology, chemoprevention has long
been discussed and investigated. Prostate cancer prevention, if
simple and well tolerated, would significantly limit the financial
costs of screening and treatment, as well as, the psychological
cost and morbidity and, ultimately, the mortality from prostate
cancer of a large portion of the 30,000 or more men who die
each year from this difficult disease. Because it is well known
that males with low androgen levels have a decreased prevalence
for prostate cancer (and eunuchs rarely are afflicted with
prostate cancer), androgen manipulation is a natural target for
prostate cancer prevention.

Certain Pharmaceuticals May Help Prevent Prostate Cancer

The Prostate Cancer Prevention Trial (PCPT) was the first
large population-based trial to test chemoprevention in men
with carcinoma of the prostate.” This study, begun in 1993,
accrued more than 18,000 men over age 55 with normal digital
rectal examination (DRE) and prostate-specific antigen (PSA)
values of less than or equal to 3.0 ng/ml. Because men with
congenital deficiency of Type II, 5 alpha reductase® do not suffer
from either benign prostatic hyperplasia (BPH)—enlargement
of the prostate or prostate cancer, Finasteride (a pharmacologic
agent designed to block Type II, 5 alpha reductase) was used in

this trial. Men were randomized into two groups: (1) a placebo
group or (2) a treatment group that took 5 mg of Finasteride
each day for seven years. Subject’s in both groups received a
biopsy during the study if any of the following three indications
occurred: (1) PSA level exceeded 4.0 ng/ml, (2) digital rectal
examination was abnormal, or (3) PSA values rose significantly
with Finasteride. Subjects who completed the seven-year study
without indication received an end-of-study biopsy. Because
the National Institutes of Health (NIH) Data Safety and
Monitoring Committee identified a substantial reduction in risk
among subjects taking Finasteride, the study was concluded 15
months prior to its scheduled end date. Once analyzed, data
from this study demonstrated a reduction in the prevalence of
prostate cancer by 24.8% in patients randomized to
Finasteride. However, a larger percentage of subjects treated
with Finasteride (6.4%) were found to have more severe malig-
nant tumors (Gleason scores” of 7-10) than subjects in the
placebo group (5.1%). While sexual side effects were experi-
enced by patients in the Finasteride arm, urinary symptoms
(lower urinary tract symptoms) were more common in the
placebo group. Although researchers found that a reduction in
prostate cancer risk among patients treated with Finasteride
was present in subjects who received biopsies due to the three
indications and to those who completed the study without
indication, there were equal numbers of deaths due to prostate
cancer in each group. While this study continues to be contro-
versial, and the increased incidence of higher-grade cancers in
the Finasteride-treated men appears to be explained by changes
in prostate size and tumor interpretation, the PCPT trial is the
first convincing demonstration that prostate cancer can be pre-
vented by a tolerable oral medication without significant adverse
events.

Prostate Cancer Screening

Because prostate cancer rarely causes early symptoms, the
diagnosis of prostate cancer is best performed by physical exam-
ination and laboratory testing. Digital rectal examination (DRE)
has long been the cornerstone for the diagnosis of carcinoma of
the prostate. Areas of palpable induraton (hardness), firmness,
and asymmetry of the prostate gland strongly suggest the presence
of carcinoma. While BPH produces prostate enlargement, indura-
tion of the posterior prostatic lobe strongly suggests a diagnosis of
prostate cancer. However, cancers found on DRE are more often
of advanced pathologic stage; a diagnosis before nodules are
formed improves prognosis.'” DRE alone may miss as many as
45% of cancers subsequently identified by prostate biopsy fol-
lowing observation of rising PSA."" Abnormal DRE appears to

a Typell,5 alpha reductase is an enzyme responsible for regulating the conversion of testosterone to dihydrotestosterone (DHT) in the

liver.

b The Gleason scoring system grades prostate cancer patterns from 1 (well differentiated malignancy) to 5 (poorly differentiated malignancy).
The Gleason combined score or grade is then computed by adding the most abundant Gleason grade pattern to the second most abun-
dant Gleason grade pattern to obtain a Gleason sum. This score from 2 to 10 has been demonstrated to be accurate in predicting patient
outcomes. Gleason scores of 2 to 6 respond best to primary treatment with significantly lower recurrence rates than Gleason scores of 8
to 10. In a group of more than 8,000 men diagnosed between 1989 and 2001, men with low-risk histories rose from 29.8% to 45.3%.”
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be dependent upon PSA level, patient race, and age. There is a
higher predictive value for DRE in African American men, older
men, and men with higher PSA levels."?

PSA testing has significantly changed the diagnosis of
prostate cancer since its introduction in the early 1990s. PSA is
an enzyme (human kallikrein serine protease) that is encoded by
the genes of chromosome 19. PSA is produced predominantly
by the columnar secretory cells of the prostate and is present in
high levels in the ejaculate. PSA first becomes detectable in the
serum during puberty when steroid hormone levels increase. As
patients age, their PSAs continue to rise, and there is an age-
associated PSA value. Similarly, PSA rises with prostate volume
and can be used as a surrogate marker for prostate size. Baseline
PSAs in patients without prostatic malignancies are higher in
African American men than in white men."

Produced by the prostate in both benign and malignant
conditions, PSA is a more accurate prostate marker than a prostate
cancer marker. Any condition that produces prostate inflammation
or disrupts prostate tissue will produce an elevation in PSA. This
includes benign conditions such as BPH, prostatitis, urinary
retention, prostatic infarction, prostate biopsy, and vigorous prosta-
tic massage. While these inflammatory and surgical conditions
produce changes in PSA, studies of ejaculation prior to PSA
determination have not demonstrated convincingly a change in
PSA level." The 5 alpha reductase inhibitors, such as
Finasteride and Dutasteride, reduce PSA levels to approximately
50% of baseline by six to 12 months following treatment."”
While the use of PSA screening in identifying prostate cancer
continues to be controversial, there are many studies that have
demonstrated the importance of PSA testing to diagnose
prostate cancer. Because PSA is more sensitive and specific than
DRE alone, the detection of prostate cancer with a combination

“Because a single PSA value
may be less accurate, PSA
velocity, rise in PSA over time,
may be a better indicator

for prostate biopsy.”

of PSA and DRE has a significantly higher predictive value than
either study alone. In fact, PSA values in screening populations
have the highest predictive value."" Longitudinal follow-up
population studies using banked serum samples have reported a
five-year lead time of prostate cancer diagnosis from PSA levels
with 4.0 ng/ml as initial cutoffs.'® Because PSA can be elevated
by benign conditions, and elevations in PSA trigger prostate

biopsies, efforts have been made to improve the accuracy of PSA
determinations. Newer tests, such as the free and total PSA
ratio,” prostate specific membrane antigen (PSMA) ,d complexed
PSA,® and others, are under investigation for improving PSA
accuracy. Current practice, however, can employ PSA density,
an adjustment in PSA level to account for prostate volume.
Adjusting the PSA level for prostate volume permits increased
accuracy. More commonly, however, PSA velocity is used. PSA
velocity measures changes in serum PSA values over time."”

PSA Threshold for Prostate Biopsy

Controversy continues regarding the interpretation of PSA
values and the threshold for which a biopsy is required. The
ideal PSA value for differentiating prostate cancer from benign
prostates remains elusive. The standard PSA value differentiating
normal from abnormal prostates of 4.0 ng/ml was established
in 1990."® Because many prostate cancers can be present and
even significant at PSA levels below 4.0 ng/ml, investigation
has focused on the percentage of cancers missed at levels below
4.0. In the PCPT trial, end-of-study biopsies were correlated to
PSA levels. Of 2,950 men biopsied, 449 (15.2%) were found to
have prostate cancer with PSA levels less than 4.0. Of those men
with PSAs between 3.1 and 4.0, 26.9% had positive biopsies, of
which 25% were high-grade malignancies. Even among
patients with PSA levels less than 0.5 ng/ml, 6.6% had positive
biopsies at end-of-study. These data strongly suggest that PSA is
better when focused on density or, more conveniently, velocity to
differentiate those patients at high risk for prostate cancer and
positive biopsies.' Based on this study, it has been suggested that
the PSA threshold for biopsy of 4.0 ng/ml should be lowered.
Such lowering, however, will increase the number of biopsies per-
formed. The controversy continues.

PSA velocity appears to be more helpful in a
clinical setting. Outcome studies have demonstrated
that PSA velocity of greater than 2.0 ng/ml per
year is associated with significantly higher death
rates from prostate cancer when compared with
lower PSA velocities.”®”' Thus, annual PSAs in
patients at risk are important for the identification
and treatment of carcinoma of the prostate.
Because a single PSA value may be less accurate,
PSA velocity, rise in PSA over time, may be a better
indicator for prostate biopsy. In a prospective
screening study, a velocity threshold of 0.75 ng/ml per year was
used to differentiate patients. Using this threshold of velocity,
47% of men with velocities greater than 0.75 ng/dl were diag-
nosed with prostate cancer compared with only 11% of those
with velocities less than 0.75 ng/ml.*?
where men were followed for four years, PSA velocity was 0.62

In a European study

ng/dl per year for men with prostate cancer compared with

¢ The free and total PSA ratios are used to measure the percentage of free PSA relative to the total amount of PSA in a patient's blood sample.
Prostate specific membrane antigen is a PSA produced by the membrane of prostate cancer cells.
e Complexed PSA is a test that measures the level of PSA, which has been complexed or bound with a certain protein (alpha-1-antichymotrypsin)

in a patient’s blood sample.
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0.46 ng/dl per year for those without cancer. PSA doubling time
was 5.1 years with prostate cancer and 6.1 years with negative biop-
sies.” In men with low PSAs, however, PSA velocity appears to
be less accurate in selecting men for prostate biopsy.”* Thus,
PSA change over time appears to be more valuable than static
values in selecting which men will require prostate biopsy.

Biopsy

Once a suspicious PSA has been identified by value, density,
or velocity, a transrectal, ultrasound-guided prostate biopsy is
the most accurate technique for identifying prostate cancer.
This outpatient procedure is usually performed using local
anesthetic injection of the periprostatic nerves and can be done
in an office setting. Although transrectal ultrasound typically
does not demonstrate specific areas of suspicion, the procedure
permits prostate targeting, which allows accurate sampling of
all portions of the prostate. For repeat biopsies where initial
malignancy is not identified and PSA continues to rise, careful
sampling of the transition zone is important to eliminate less
common foci of prostate malignancy.

Biopsies of the prostate are safe and have a low incidence of
morbidity. In a series of more than 5,800 prostate biopsies, fewer
than 0.5% of men required hospitalization; however, only
2.6% of men reported self-limiting hematuria (blood in urine)
and occasional 50.4% hematospermia (blood in semen) early
following biopsy.”

The diagnosis of prostate cancer, once made through transrec-
tal needle biopsy of the prostate, is graded by histopathology using
the previously mentioned Gleason grading system.”® Staging of
prostate cancer is performed using the standard TNM system (see
Table 1). TNM describes the extent of the primary sumor (T
stage), the absence or presence of spread to nearby lymph 7odes (N

Treatment of Localized Prostate Cancer

Treatment of localized prostate cancer requires significant
discussion with patients regarding outcomes, morbidity, mor-
tality, and requirement for treatment. Choices include: watchful
waiting, radical prostatectomy, interstitial brachytherapy
(radioactive seed implantation), and external beam radiation
therapy. Choice of treatment alternative is based upon the
individual, his family, and prognostic factors, such as stage, grade,
and the patient’s general physical condition. Over the past
decade with the use of PSA, treatment of prostate cancer
patients has decreased in average patient age and average stage.
During this same time, surgery and radiation therapy for
prostate cancer has significantly improved. Radiation therapy
applied with conformal external beam techniques or the
implantation of small radioactive seeds using brachytherapy has
improved the efficacy of cancer control and decreased treatment
morbidity. The combination of these treatment modalities with
androgen deprivation therapy using luteinizing hormone-
releasing hormone (LHRH) agonistf treatment has further
improved outcomes.”®

Radical prostatectomy has likewise improved markedly over
the past two decades. The introduction of the bilateral nerve
sparing radical prostatectomy in the early 1990s has improved
continence levels and potency post-radical prostatectomy,
while preserving cancer control rates and limiting positive
margin rates. The introduction of laparoscopy and robot-assisted
laparoscopic prostatectomy has further improved the morbidity
from radical prostatectomy. With these inventions, the hospital-
ization time of patients undergoing modern robotic-assisted
laparoscopic prostatectomy has declined from more than seven
days in the mid 1990s to one day or less in the 21st century.

stage), and the absence or presence of distant
spread, or metastasis (M stage). Staging can be Ta.b!e 1. .
performed pre- and post-treatment, and the Clinical TNM Staging of Prostate Cancer
most definitive staging occurs following rad.lcal T1 | Cancer is clinically inapparent, not palpable or visible by imaging
prostatectomy. With the advent of PSA testing, - ; : ; -
o . Tla | Incidental histologic finding, less than or equal to 5% of resected tissue
there has been a dramatic shift to diagnoses at - - - - S -
lower stages and, thus, more likelihood of organ- T1b | Incidental histologic finding, greater than 5% of resected tissue
confined cancer.?” While imaging studies can be Tlc | Tumor indetified by needle biopsy, for any reason (e.g., elevated PSA)
helpful in patients with extensive carcinoma of | T2 | Palpable or visible tumor, confined within the prostate
the prostate, further staging assistance using cross | T2a | Less than or equal to one half of one lobe
sectional imaging of the pelvis by computerized | T2b | One lobe
tomography or magnetic resonance imaging T2e | Both lobes
h dded to th f ing.
avenotadded to theaccuracy OFANCErSBENE | T3~ [Tumor extends through the capsule
T3a | Extracapsular extension, unilateral or bilateral
T3b | Seminal vesicle involvement
T4 | Tumor is fixed or invades adjacent structures
T4a | Tumor invades bladder neck, external sphincter or rectum
T4b | Tumor Invades to the floor and/or the wall of the pelvis

f Luteinizing hormone-releasing hormone is a naturally occurring hormone that controls sex hormones in both men and women. LHRH
agonist is a compound similar to LHRH (luteinizing hormone-releasing hormone) that serves in a manner similar to LHRH to control the

same sex hormones.
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This decreased hospitalization time has been accompanied with
improved potency and continence rates, decreased blood loss,
and decreased mortality rates. In a landmark randomized study
comparing radical prostatectomy with watchful waiting with
median 8.2 year follow-up, there was a 44% decrease in cancer
death, 40% decrease in metastatic disease, and 67% decrease in
disease progression.”” Thus, radical prostatectomy appears to
reduce disease-specific mortality, overall mortality, and risks of
metastases and local progression.

Because prostate cancer is associated with slow progression
and few deaths within ten years of diagnosis, men with life
expectancies of less than ten years or significant comorbidities
may be safely and effectively managed with a watchful waiting
program. Watchful waiting generally consists of follow-up with
regular PSA, monitoring PSA velocity, symptomatic treatment
for obstructive uropathy and lower urinary tract symptoms
(LUTS), and repeat biopsy if necessary.”

Systemic treatment of progressive prostate cancer continues to
evolve and improve. The association of prostate cancer control
with castrate levels® of testosterone was first identified by Huggins
etal. in the 1940s.”' The use of physical castration was widely used
until the introduction and wide acceptance of luteinizing hormone
releasing hormone agonist (LHRH). These agents, which rapidly
produce castrate levels of testosterone, are associated with prostate
cancer suppression. Androgen deprivation therapy, therefore,
appears efficacious irrespective of method of treatment. Current
depo preparations allow LHRH agonist to be administered
monthly; or every three or four months. Implantable devices permit
yearly changes of LHRH implants. While androgen deprivation
therapy is associated with the side effects of castration including;
hot flashes, osteoporosis, loss of libido, and decreased muscle mass
and strength, prostate cancer control is quite satisfactory. In fact,
survival can be increased by many years (average 3.5 years). Timing
of initiation of androgen deprivation therapy, however, has been
controversial. Since recent studies have demonstrated a prolonga-
tion of survival, many feel that androgen deprivation therapy
should be initiated with initial detections of PSA rise.* Due to the
significant morbidity, including an increase in osteoporosis and
fracture risk, however, patients and physicians may chose to delay
androgen deprivation therapy to preserve sexual function, muscle
mass, and bone health.®

Newer concepts in LHRH agonist therapy with intermittent
therapy are being utilized and investigated throughout the
world. With this technique, testosterone is decreased using an
LHRH agonist to castrate levels and until PSA response is
observed. LHRH agonists are then withdrawn until the PSA
value again climbs. Survival outcomes and effectiveness of treat-
ment of this approach remain controversial.

Other methods for treatment of advanced prostate cancer have
now progressed to agents beyond androgen deprivation. Newer
chemotherapeutic agents, such as mitoxantrone and paclitaxel,
have improved the outcomes of systemic chemotherapy.”* These
agents, which are currently reserved for patients with systemic
malignancy unresponsive to androgen deprivation, provide some
promise for improving survivals and prostate cancer control in
patients with advanced disease.

Future Directions

Over the past decade, PSA testing, screening, and evaluation
has revolutionized the diagnosis and treatment of prostate cancer.
Indeed, urologists in clinical practice in the United States have
observed a significant shift in stage of disease at diagnosis with
few patients presenting in the 21st century with locally
advanced or metastatic prostate cancer. This “stage shift” has
permitted better diagnosis and more effective treatment of
those patients at risk. Unfortunately, however, PSA as a prostate
marker and prostate-specific marker is an imperfect screening
tool. Current research on newer, more specific markers continues;
however, PSA with modified use that incorporates measures of
PSA density and velocity remain the mainstay for diagnosis.
Newer imaging modalities are being developed to localize
prostate cancers with the goal of localized treatment. Treatment
of localized prostate cancer continues to be best carried out
with radiation therapy or radical prostatectomy.

Modifications in radical prostatectomy over the past two
decades, to include nerve sparing, laparoscopic approaches, and
robotically assisted laparoscopic approaches, have improved
morbidity, mortality, and outcomes. The United States’
decrease in prostate cancer mortality over the past decade may,
arguably, be a result of this improved diagnosis and treatment.
Better serum diagnostic testing and imaging studies are being
investigated in an effort to improve the specificity of diagnosis.
Similarly, studies to identify tumors that are biologically aggres-
sive and important, versus those that are more indolent, are
ongoing. Identification of biologically less active and more indo-
lent tumors may increase the number of men eligible for safe
watchful waiting and active surveillance. Active investigation
into gene and vaccine therapy may assist in the treatment of
men with locally advanced or metastatic cancer. Similarly, this
sub-categorization of prostate malignancies may assist in identifying
patients most in need of early androgen deprivation therapy.
With the advances in systemic chemotherapy and post-operative
radiation therapy, more patients with aggressive, advanced
prostate malignancies can be effectively treated with expected
increased survival and decreased morbidity. NCMed])

g Castrate-level occurs when the levels of the body’s testosterone drop 90-95%, which is consistent with the loss of the testicles.
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