
Introduction

he recognition that serum prostate-specific antigen
(PSA) concentration is a marker for adenocarcinoma of

the prostate and the ability to measure PSA concentration rep-
resent major watersheds in the treatment of prostate cancer.
Prior to these advancements in the 1980s, enlargement of the
prostate gland detected by digital rectal exam, local symptoms,
or sequelae of metastatic disease were the usual means of dis-
covery of prostate cancer. In this pre-PSA era, prostate cancers
were usually incurable at the time of diagnosis. PSA screening
has lead to earlier detection and, although interpretation of
recent epidemiologic data is still being debated, there is good
evidence that PSA screening, prostate biopsy, and therapy with
curative intent have lead to decreased morbidity and mortality
from this disease.1

Also during the 1980s, refinements in the surgical technique
for radical prostatectomy, which is potentially curative, yielded
significant advancement in the treatment of prostate cancer by
reducing the risk of morbidity associated with the surgery.
These refinements hinged on two discoveries. First, elucidation of
the venous plexus in the region of the prostate allowed operation
in a “bloodless” field. This led to more accurate dissection, especially
at the prostatic apex and, thus, greater preservation of urinary
continence. Second, understanding the anatomy and function of
the network of nerves around the prostate allowed “nerve-sparing”
surgery and greater preservation of sexual function following
radical prostatectomy.

These advancements required better means of screening and
definitive diagnosis. PSA measurement and the thin-needle
biopsy technique and equipment, although not perfect, are
powerful tools for these purposes. Thin-needle biopsies cause
less morbidity than open biopsy or biopsy with larger needles.
As the pieces of tissue obtained by biopsy became much smaller,
pathologists had to develop new techniques and expertise in
interpreting these very thin biopsies.

PSA measurement has limitations, primarily in specificity,
making this non-invasive test most useful as a first-line or

screening detection method. While a few patients with prostate
cancer have a normal serum PSA concentration, there are a 
significant number of men without cancer who have an abnormal
concentration for whom therapy would not be warranted. 

Thin-needle biopsy, by contrast, has essentially 100% specificity.
The sensitivity of this test is estimated to be at least 75%,
meaning that it will accurately detect three-out-of-four true
cancers. Although more than one set of biopsies may be
required for diagnosis, the morbidity associated with thin-needle
biopsy is very low.

Pathologists have played a crucial role in the accumulation of
the data upon which modern therapy is based, and they continue
to provide essential information upon which medical oncologists,
radiation oncologists, surgeons, and patients base their therapeutic
and management decisions. This commentary is meant to outline
the ways in which the clinical pathology laboratory and the
work of pathologists serve as crucial components of the clinical
decision-making process.
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PSA Testing

Prostate-specific antigen (PSA) is a serine protease enzyme
secreted by the glandular epithelium of the prostate into the ducts
of the gland. It ultimately contributes to the composition of the
seminal fluid. Its normal function is thought to be liquefaction of
semen. Much lower concentrations are typically found in the
blood, where the majority of PSA is protein-bound.
Measurement of PSA concentration is based upon binding of a
PSA-specific antibody to the substance. Multiple tests have been
developed using different antibodies, and there is a variation in
results between laboratories of up to 25% or more in the range
of 0-6.0 ng/ml.2 Moreover, some methods show greater precision
than others. PSA testing has two principal uses. It is widely
used to screen for prostate cancer and to monitor individual
patients, either following therapy or during a “watchful-waiting”
period. The variation between laboratories is of less significance
when PSA testing is used for screening purposes than when fol-
lowing an individual patient. In the latter circumstance, it may
be helpful to use a single, reliable laboratory for serial testing.

PSA Screening 
The “normal” PSA concentration in men has been given as

less than 4.0 ng/ml, although there is considerable disagreement
over the threshold value that should prompt additional testing
for prostate cancer. More recently, age-specific ranges have been
given, including an upper limit of 2.5 ng/ml for men under the
age of 50.3,4 Elevated serum PSA concentration is associated
with multiple pathological processes and some situations in
which there is no disease. Benign prostatic hyperplasia (BPH),
prostatitis, and prostate cancer are the main pathologic states in
which increased serum PSA is often seen. Prostate biopsy itself,
ejaculation, and, possibly, exercise may also lead to an increase
in the PSA.

It is the association of elevated PSA concentration with
prostate cancer that has lead to its utility in screening. The test
is non-invasive (requiring only a blood sample through
venipuncture) and is relatively inexpensive. Unfortunately, the
range of PSA concentrations seen in patients with prostate cancer
overlaps with the range seen in benign processes. The essential
limitation is that there is no single value separating men with
cancer from those without. 

The sensitivity of a test is defined as the fraction of individuals
with a specific disease for whom the test will yield a positive
result. The specificity of a test is defined as the fraction of all
abnormal results that represent individuals who do have the
disease for which they are being tested. Decreasing the maximum
PSA value that is considered “normal” increases the sensitivity
of the test in detecting prostate cancer. However, this also leads
to an increase in the number of men who are labeled “abnormal”
who do not have this disease (decreased specificity). Thus, while
measurement of serum PSA concentration has proved to be a
powerful tool in the ability to detect prostate cancer, appreciation
of its limitations is critical for maximization of its utility. In fact,
average PSA concentration in men without prostate cancer
increases with age. This is largely due to BPH, which increases in

incidence and severity. In truth, the PSA test is best used to estimate
the chance that an individual has carcinoma of the prostate. PSA
testing cannot be used to render a definitive diagnosis.

In an effort to increase sensitivity and specificity, derivative
PSA tests have been developed. These include measurement of
free PSA and calculation of the ratio of free/total PSA. These
methods have yielded some increase in sensitivity and specificity
with increased cost, but still suffer from an overlap in ranges in
the populations of men with and without prostate cancer.5,6 They
may provide additional guidance in difficult circumstances, such
as when PSA levels are significantly elevated, multiple sets of
biopsies have been negative, and no other explanation for the
elevation in PSA level is apparent.

The ratio of free/bound PSA is considered abnormal by
many when it falls below 25%. This cutoff is associated with
sensitivity and specificity of approximately 90% and 25%,
respectively, for the detection of prostate cancer.

PSA velocity is the rate at which the serum PSA concentra-
tion rises over time. This calculation is of some use in men with
borderline elevated PSA.7 A PSA velocity greater than or equal
to 0.75 ng/ml per year with measurements spanning at least 18
months has sensitivity and specificity of approximately 70%
and 90%, respectively. Specific measurement of bound PSA has
not been demonstrated to offer a significant improvement in
detection.

PSA density, which is defined as the serum PSA concentration
divided by the volume of the prostate as measured by transrectal
ultrasound, has proven to have limited value.

Other tests potentially on the horizon include pro-PSA and
human kallikrein-2, but these are not ready for routine clinical
use in screening for prostate cancer.

PSA Monitoring 
Serum PSA concentration is also useful for monitoring

patients for progression of disease. Until late in the disease
when the tumor may become so poorly differentiated that its
ability to produce PSA protein becomes impaired, increasing
PSA concentration is associated with advancing disease. Thus, the
serum PSA typically falls to near zero following prostatectomy,
since all of the prostate tissue, both benign and malignant has
usually been removed. Minute amounts of tumor that may
have spread beyond the prostate prior to surgery may not produce
enough PSA to be detected until they grow, at which time the
PSA concentration begins to rise.

The PSA often does not fall to zero in patients who have
received radiation therapy without surgery. However, the PSA
does fall for months following the treatments. In fact, the lower
the nadir (lowest concentration detected) in PSA, the greater the
chance of cure or long-term remission. Moreover, the longer the
time it takes to reach the PSA nadir, the better the prognosis.8

Some patients with proven prostate cancer choose “watchful
waiting” over therapy in order to avoid the morbidity associated
with prostatectomy, radiation therapy, and hormonal therapy.
A significant rise in serum PSA concentration may prompt
physicians to recommend therapy to avoid morbidity and 
mortality associated with progression of the disease.



Prostate Biopsy

The thin-core needle biopsy technique and equipment
allow multiple biopsies to be performed in the doctor’s office
with minimal morbidity (significant complications less than
0.5%) and provide material for definitive diagnosis of prostate
cancer. The sensitivity of this procedure is very difficult to
gauge. In the absence of metastatic disease, there is no way to
tell with certainty whether a man has prostate cancer without
pathologic examination of the entire prostate gland, which
requires removal. Moreover, the sensitivity likely varies with the
prevalence and type (i.e., grade, stage) of prostate cancer in the
population being studied. However, based on data that do
exist, a reasonable estimate for the sensitivity of needle biopsy
of the prostate in patients with elevated PSA is at least 75%, if
cancers detected on a second or later set of biopsies are included. 

There is little debate about which areas of the prostate to
biopsy, at least on the initial attempt to demonstrate tumor.
However, the optimal number of biopsies to perform is not
clear. The sextant biopsy technique (six biopsies) was considered
adequate and was, by far, the most commonly used technique
for approximately a decade. In recent years, it has become clear
that performing more biopsies improves the chances of detecting
cancer on the first attempt.9 This is especially true when the
prostate is markedly enlarged due to BPH. However, more
biopsies are associated with greater discomfort, a greater chance
of complications, and greater cost. Moreover, the incremental
increase in sensitivity with each additional biopsy diminishes
progressively. At the present time, there is no agreement on
how many biopsies more than six should be performed.

In addition to identifying the presence of cancer, the
pathologist interpreting the biopsies routinely provides other
indispensable information regarding the tumor. The following
diagnostic categories should be included in the pathologist’s
report. The clinical significance of each is summarized in Table 1.

Tumor Grade 
Tumor grade is probably the single most important tumor

characteristic assessed on needle biopsy of the prostate. The
Gleason grade, also termed Gleason score or Gleason sum, is
very useful in predicting the behavior of a given patient’s
tumor. Thus, it is used in planning therapy and estimating
prognosis. Although the grade of the tumor in the biopsies is
not a perfect predictor of the grade of the tumor in the prostate
as a whole, the correlation is good. The lack of perfect correlation
is not surprising, since the volume contained in an entire set of
biopsies usually comprises less than one thousandth of the volume
of the entire prostate gland.

It is worth noting that each type of cancer specific to an
organ in the body has its own histopathologic (microscopic)
grading scheme. The Gleason grading scheme is very unusual
in that it ignores the appearance of the individual cancer cells
and concentrates purely on the patterns of growth of the malignant
prostate glands. The method takes into account the common
occurrence of multiple glandular patterns of cancer being present
in a single patient’s tumor. Numerals 1-5 have been assigned to
recognized categories of tumor patterns, and, traditionally, the
two most prevalent pattern types are given as well as the numeric
sum. Thus, a Gleason grade of 3+4 = 7 might be reported,
where “3” represents the tumor pattern most prevalent in a
specimen and “4” represents the second most prevalent pattern.
The Gleason score of a homogeneous tumor will simply have the
same number repeated in the sum (e.g., 3+3 = 6). A consensus of
genitourinary pathologists has recommended long-overdue
modifications to the original scheme, which was devised
around 1970, but the essential concepts remain unchanged. It is
now recommended that small amounts of high-grade tumor (i.e.,
Gleason pattern 4 or 5) be reported even when they represent
neither the first nor second most prevalent pattern, as this finding
correlates with more aggressive tumor behavior.10

The combination of PSA concentration, findings from digital

142 NC Med J March/April 2006, Volume 67, Number 2

Table 1.
Pathologic Parameters Assessed on Thin-Needle Core Biopsy of the Prostate and the Clinical
Significance of Each Parameter.

Parameter Clinical Importance

Tumor Grade Used to predict aggressiveness of tumor, stage, response to non-surgical therapy, 
and chance of cure with various types of therapy.

Location and Extent of Tumor in Used to predict stage and response to some types of therapy (e.g., radiation 
Biopsy Cores therapy).

Perineural Invasion May be used to plan extent of surgery (e.g., whether to sacrifice neurovascular 
bundle).

Atypical Glands Re-biopsy should be performed—indicate ~50% chance of finding cancer on 
re-biopsy.

High-Grade Prostatic Intraepithelial ~30% or less chance of finding cancer on re-biopsy, depending on how many
Neoplasia (HGPIN) biopsies originally performed.  HGPIN may represent a precursor of prostate 

cancer.

Tumor Characteristics Following Used to assess prognosis and predict whether additional therapy is likely to be
Therapy: Grade of tumor and of benefit.
whether therapy effect is present.
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rectal exam, and biopsy Gleason grade has been used to estimate
the stage of the tumor. The likelihood that the tumor is confined
to the prostate, the chance of local spread into the surrounding
fibroadipose tissue, the chance of invasion into the seminal
vesicles, and the chance of local lymph node metastases can be
estimated. These data have been compiled in the “Partin
Tables,”11 providing useful summary information to help each
patient and his physician to make sensible decisions regarding
choice of therapy.

Location and Extent of Tumor 
The pathologist should report the amount of cancer present

in the biopsy core(s) originating from each biopsy site. This
information can be useful in estimating stage and predicting
long-term outcome following therapy (e.g., prostatectomy,
radiation therapy), especially when combined with other
parameters, such as PSA concentration and tumor grade.12,13

Perineural Invasion 
The presence of invasion of small nerves in the biopsy cores

by the cancer is predictive of spread beyond the prostate when
viewed in univariate analyses.14 The reasoning behind these initial
studies stemmed from the hypothesis, which is still accepted,
that one of the main routes of tumor escape from the prostate
is by tracking along nerves that traverse the surface of the prostate
and comprise a portion of the periprostatic neurovascular
bundles. However, most of the predictive power of the finding
of perineural invasion on needle biopsy disappears in multivariate
analyses when other variables, such as Gleason grade, are taken
into account. Still, it may provide marginal additional information
and may play a role in deciding whether or not to sacrifice one
or both neurovascular bundles during surgery.

Atypical Glands 
Unfortunately, a significant minority (≈5%) of prostate

biopsies are neither definitively benign nor definitively diagnostic
of carcinoma. The term often used in this situation is “atypical,”
sometimes in the phrase “atypical small acinar proliferation”
(ASAP). The frequency of this occurrence is somewhat dependent
on the experience of the pathologist interpreting the biopsies.
Special studies (e.g., immunohistochemical staining) can occa-
sionally lead to a more definitive diagnosis, but diagnosis usually
hinges on tried and true ordinary techniques (i.e., H&E staining).
The finding of atypical glands suspicious for carcinoma without
other, definitively diagnostic areas warrants repeat biopsy.15,16 In
fact, the chance of finding prostate cancer on subsequent re-biopsy
(one or more sets) is approximately 50%. Should re-biopsy
prove inconclusive, other factors, such as total PSA concentration,
free/total PSA ratio, clinical findings, and patient desire, provide
guidance in choosing a course for repeat re-biopsy or longer-term
follow-up with measurement of PSA velocity.

It should be noted that it is important for each biopsy to be
separately labeled to designate the area of the prostate from
which it originated. One reason for this is that 90% of all cancers
discovered following an initial atypical, non-definitively diagnostic
biopsy are identified in the same region or an area adjacent to

the one from which the atypical biopsy originated. Thus, these
areas are preferentially sampled on re-biopsy in order to maximize
the sensitivity of the procedure in detecting tumor.

High-Grade Prostatic Intraepithelial Neoplasia (HGPIN) 
Other findings that may increase the suspicion of cancer in

the absence of definitively diagnostic biopsy material include
the presence of high-grade prostatic intraepithelial neoplasia
(HGPIN). Early studies indicated that the risk of unsampled
carcinoma in the prostate gland associated with the isolated
finding of HGPIN on needle biopsy was approximately
30%.16,17 At the time, re-biopsy was required. However, if no
carcinoma was detected on two sets of re-biopsies, additional
biopsies were unlikely to contain tumor. More recent data,
especially in the case of more than six biopsies to a set, suggest
that the increased risk associated with this circumstance may be
less than originally estimated, and the significance of this finding
is somewhat diminished.

Since HGPIN is thought by many to represent a precursor of
prostate cancer, it is postulated that potential chemopreventive
agents may help to prevent prostate cancer in men who have
been diagnosed with isolated HGPIN.

Other Clues to Tumor Behavior 
Needle biopsy may provide other clues to tumor behavior.

For example, prostate cancer clearly identifiable within fat at one
end of a core biopsy is indicative of extraprostatic tumor spread.
Clearly such information must be factored into therapeutic
decisions.

Biopsy Following Therapy
Biopsy following therapy for prostate cancer is useful in a

limited set of circumstances and poses challenges for the
pathologist interpreting the biopsy. Therapy often alters the
microscopic appearance of the tumor, sometimes making
recognition of the malignant prostate tissue difficult. It can also
alter the appearance of the tumor in ways that abolish the 
correlation between microscopic pattern and biologic behavior,
so that Gleason grading of tumor following therapy is not
meaningful in some circumstances.

A rising PSA following therapy is indicative of growing
tumor. However, it does not indicate whether the tumor is
growing at the primary site (i.e., in the prostate or in the prostatic
bed after prostatectomy) or at a metastatic site. Radiographic
studies (e.g., x-ray studies or computerized tomography scans)
can be used to detect metastases. In the absence of detectable
metastatic disease, biopsy of the prostate or prostatic bed may
be performed to assess for local tumor growth. As with initial
biopsy, skill is required on the part of the pathologist to prop-
erly interpret the changes due to therapy and to give an accu-
rate assessment of the presence of cancer and, sometimes,
whether it shows effects of therapy.



Pathologic Assessment of Prostatectomy
Specimens

Pathologic review of the prostate after it has been removed for
cancer also provides important information regarding prognosis
and whether further therapy (e.g., radiation therapy) might be of
benefit. The main pathologic parameters evaluated are tumor
grade, stage (extent of cancer), and whether there is cancer at the
surface of the specimen, which might indicate that not all of the
tumor was removed. Other parameters may also have prognostic
impact.

Tumor Grade 
As with prostate biopsy, the recently modified Gleason grading

system is used to grade prostate cancer in the prostatectomy
specimen. Tumor grade is a powerful predictor of outcome,
including risk of recurrence and time to recurrence. Minor 
discrepancies between the grade assigned on biopsy and the
grade obtained from the whole prostate specimen are common.
This is typically due to the fact that prostate cancers are usually
heterogeneous. Only about one thousandth of the prostate is
sampled even with multiple thin-needle core biopsies, and the
tissue obtained may not be perfectly representative of the entire
tumor.

Lymphvascular Invasion 
Careful microscopic examination of the prostatectomy 

specimen may reveal the presence of tumor within minute 
lymphatic or blood vessels. It is a significant factor indicative of
a poorer prognosis. This finding is rarely discernable on biopsy.

Tumor Stage 
Tumor stage is crucial in determining whether adjuvant

therapy is likely to be of benefit. Staging is performed according
to the American Joint Committee on Cancer (AJCC) guidelines.18

For example, invasion of the tumor into the adjacent fibroadipose
tissue is designated stage T3a. Tumor invasion into either or
both of the seminal vesicles is designated T3b, which
supercedes T3a, and invasion into surrounding organs, such as
the bladder, is designated T4. The absence or presence of
metastatic spread into local lymph nodes (i.e., pelvic lymph
nodes) is noted as N0 or N1, respectively, and the absence or
presence of metastatic spread beyond this is designated M0 or
M1. Thus, one might have a patient with staging “T3b N0
M1” if tumor has spread to the seminal vesicles and the spine,
but is absent from the pelvic lymph nodes.

Margin Status 
The final feature that must be assessed on the prostatectomy

specimen is whether prostate cancer is present at the surface of
the specimen. This is termed margin positivity and may, especially
if it is present in more than a small area, be indicative of local
tumor that could not be excised at the time of surgery. The
pathologist should report the extent and location of tumor
present at the margins. Like tumor stage, this information is
needed to make decisions regarding subsequent adjuvant therapy.

Summary

In summary, the role of the pathologist has proven indispen-
sable in diagnosing prostate cancer, planning initial therapy,
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Table 2.
Utilities of Various Pathologic Parameters in Detecting Prostate Cancer and in Guiding Therapy.

Determining Planning initial Assessing likelihood Assessing for
need for biopsy/ therapy/ of benefit from recurrance/

re-biopsy prognosis adjuvant therapy progression

PSA

PSA Concentration X X X X

PSA Velocity X

PSA Density X

Free/Total PSA X

Biopsy X

Tumor Grade X X

Location/Extent of Tumor X

Perineural Invasion X

Atypical Glands X

HGPIN X

Prostatectomy

Tumor Grade X X

Stage X X

Lymphvascular Invasion X X

Margin Status X X
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assessing prognosis, estimating the likely benefit of adjuvant therapy
following prostatectomy or radiation therapy, and in following
patients for possible recurrent disease. Moreover, the work of
pathologists has been pivotal in the research that has lead to our

present understanding of the natural history of prostate cancer
and the present methods for estimating the likelihood of benefit
from various therapies. Such work continues to be integral to
scientific advancement in these areas. NCMedJ
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