
DIAGNOSTIC UPDATE

Prostate Cancer Specificity of
PCA3 Gene Testing: Examples
from Clinical Practice
Leonard S. Marks, MD,* David G. Bostwick, MD†

*Urological Sciences Research Foundation, Department of Urology, Geffen School of Medicine at UCLA,
Los Angeles, CA; †Bostwick Laboratories, Richmond, VA

A specific marker for early prostate cancer would fill an important void. In
initial evaluations of the prostate cancer antigen 3 (PCA3) gene vis-à-vis
serum prostate-specific antigen (PSA) levels, the gene offers great promise.
At the cellular level, PCA3 specificity for cancer is nearly perfect because of
the gross overexpression of the gene by cancer cells. As a clinical test for
early prostate cancer, heightened specificity is also seen in urine containing
prostate cells from men with the disease. PCA3 gene testing holds valuable
potential in PSA quandary situations: (1) men with elevated PSA levels but
no cancer on initial biopsy; (2) men found to have cancer despite normal
levels of PSA; (3) men with PSA elevations associated with varying degrees
of prostatitis; and (4) men undergoing active surveillance for presumed
microfocal disease.
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Prostate cancer detection has increased over the past 2 decades through
1 million biopsies per year, mostly prostate-specific antigen (PSA) driven;
tens of thousands of men with early disease have been treated with cura-

tive intent; and mortality from the disease has declined. Nevertheless, some
28,000 men died from prostate cancer during 2007.1 A specific marker of early
disease is not yet available, and such a test would be highly desirable. One
candidate to become that marker is the prostate cancer antigen 3 (PCA3) gene, a
segment of noncoding messenger ribonucleic acid (mRNA) from chromosome
9q21-22 that is overexpressed by more than 95% of all prostate cancers tested.2
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PCA3 expression, which is 60- to
100-fold greater in cancerous than in
benign prostate tissues,3 gives the gene
a cancer specificity lacking with PSA.
At the cellular level, PCA3 determina-
tion can separate benign from malig-
nant prostate cells with an accuracy
approaching 100%.4 Moreover, no
PCA3 transcripts have been detected in
a wide range of human extraprostatic
benign and cancerous tissues, indicat-
ing that PCA3 is the most specific
prostate cancer gene identified to date.
Overexpression of PCA3 by cancer
cells has allowed diagnostic use of
gene levels in tissues or fluids contain-
ing prostate cellular material.3,5 In
clinical studies to date, urinary PCA3
scores (PCA3-mRNA/PSA-mRNA) are
consistently superior to serum PSA
levels in diagnosis of prostate cancer.5-8

These studies have been reviewed
recently in this journal.9

The PCA3 test requires collection of
the first 20 to 30 mL of voided urine
after a digital rectal examination
(DRE) (Figure 1); without DRE the test
provides valid results in only approx-
imately 80% of cases, but DRE in-
creases this yield to more than 98% of
cases. Approximately 2 mL of the
urine sample is then placed into a
transport tube with lysis buffer that
contains ribonuclease inhibitors. This
is the most critical step; the assay
evaluates mRNA, a very labile sample
that is destroyed in approximately
20 minutes in the absence of inhibit-
ing agents. Then the specimen is
transported overnight to the testing
center in frozen gel packs. A suffi-
cient sample was defined as a PSA
mRNA copy number of 7500/mL or
greater. Unlike the first-generation
test based on the PCA3 gene (uPM3™,
DiagnoCure, Quebec, Canada), which
was qualitative (results were either
positive or negative), the current sec-
ond-generation product, now referred
to as PCA3 (Gen-Probe, San Diego,
CA), provides a quantitative result

from the ratio of mRNA transcripts of
PCA3 to PSA, thereby controlling for
the number of prostatic epithelial
cells in the urine (only these cells
contain PSA mRNA transcripts).

A collaboration between the Uro-
logical Sciences Research Foundation
and the manufacturer, Gen-Probe,
was begun in 2004 with the goal of
evaluating the PCA3 gene as a spe-
cific marker for early prostate cancer.
The first public presentation of the
Gen-Probe research test was at a
Gordon Research Conference the next
year; test methodology was published

by Groskopf and associates in 2006.10

Soon after the methodology was
published, several commercial labora-
tories in the United States began
offering a laboratory-developed PCA3
test using class I analyte-specific
reagents, which although not for-
mally approved by the US Food and
Drug Administration, is covered by
Medicare and insurance plans. At that
point, we began testing patient speci-
mens outside of research protocols to
assist clinical decision making. Ap-
proximately 200 PCA3 tests were per-
formed by Bostwick Laboratories
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Figure 1. Diagram showing urinary prostate cancer antigen 3 (PCA3) (lower arrow) versus serum prostate-specific
antigen (PSA) (upper arrow). Whereas PSA is a glycoprotein that may enter the bloodstream, PCA3 is a gene that
exists in the nuclear material of prostate epithelial cells and that may be shed into the urine. Those cells, if can-
cerous, overexpress the gene. That overexpression, which may be many times that found in benign prostate cells,
is detected by the assay. Importantly, PCA3 expression is normalized against a background of prostate-specific nu-
clear material (PSA messenger ribonucleic acid [mRNA]), yielding a PCA3 score. The PCA3 score is much more
cancer-specific than serum PSA levels, which are confounded by factors such as prostate volume, age, trauma, and
certain drugs.
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(Richmond, VA) on patients from
southern California in 2006 and 2007.
DRE was performed before each urine
collection, as described elsewhere.7

In the following case reports, drawn
from that early clinical experience,
the potential value of PCA3 gene test-
ing in management of individual pa-
tient quandaries is demonstrated. A
cutoff score of 35 was adopted, be-
cause among 570 men undergoing
prostate biopsy, this score combined
the greatest cancer sensitivity and
specificity6 (Table 1).

Development of the PCA3 gene test
is described online at the Urological
Sciences Research Foundation Web
site at http://www.usrf.org/news/
PCA3/PCA3.html. 

Case 1: Elevated PSA Level,
Biopsy Demonstrates Benign
Prostatic Hyperplasia
An estimated 1 million prostate biop-
sies are now performed annually in
the United States (though no registry
exists). The great majority of these
biopsies are stimulated by increased
serum PSA levels. A total of 186,000
new cases of prostate cancer were re-
ported in 2007.1 Thus, for every 5
prostate biopsies, at least 4 will show
no cancer. However, some of the men

with negative biopsy results, perhaps
25%, will be found to harbor cancer
upon subsequent biopsy.11

Figure 2 shows the PSA and biopsy
events of a man with a paternal his-
tory of prostate cancer who at the age

of 53 years was found to have a serum
PSA level of 4.5 ng/mL. Over this pe-
riod, PSA increased from 4.5 ng/mL
to 12.1 ng/mL, while prostate volume
increased from 43 cm3 to 58 cm3.
During this period, abnormalities
were noted in age-adjusted PSA, PSA
density, and PSA velocity. Percentage
free PSA remained in a mid-range
throughout. The patient underwent 6
biopsies over 12 years because of PSA
abnormalities. Each biopsy demon-
strated benign prostatic hyperplasia
(BPH), with no evidence of cancer.

Late in this man’s story, the PCA3
gene test became available. The
score was low (10.1 and 5.0) on 2 sep-
arate occasions. Had the test been
available early on, the biopsies might
have been avoided and the patient
given a degree of reassurance. The
value of the PCA3 test in men with
elevated PSA levels and prior negative
biopsies has been detailed previously.7

Table 1
PCA3 Assay Sensitivity and Specificity at Various Cutoffs

PCA3 Cutoff Sensitivity (%) Specificity (%)

5 96 14

20 71 56

35 54 74

50 40 83

65 32 91

90 20 95

N � 570 men undergoing prostate biopsy; 36% biopsy positive.
PCA3, prostate cancer antigen 3.
Modified from Deras IL et al.6
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Figure 2. Serum PSA levels over a 12-year interval in a white man whose prostate grew from 43 cm3 at age 53 years
(1995) to 58 cm3 at age 65 years (2007). PSA levels ranged from 4.5 ng/mL at age 53 years to 12.1 ng/mL at age 65
years. Over this period 6 sets of biopsies (bx) were performed, but no cancer was ever found. Toward the end of this
story, the PCA3 gene test became available. On 2 separate occasions the PCA3 score was low (10.1 and 5.0). Had the
test been available early on, repeated biopsies might have been avoided and a degree of reassurance provided to the
patient. BPH, benign prostatic hyperplasia; PCA3, prostate cancer antigen 3; PSA, prostate-specific antigen; PV,
prostate volume.
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Case 2: Normal PSA Level,
Biopsy Reveals Cancer
In 15% of men ultimately found to
have prostate cancer, followed with
serial PSA determinations for as long
as 7 years in a large clinical trial, PSA
concentration greater than 4.0 ng/mL
was never seen.12 Serum PSA levels
are not perfect screening tests for
cancer, exhibiting false-negative and
false-positive values. PSA refine-
ments, such as density and velocity
measures and percentage free PSA de-
terminations, may help in some cases,
but misleading test results are com-
monplace with any PSA-based testing. 

Figure 3A shows PSA levels in a
man who was found to have prostate
cancer when his PSA level of 2 ng/mL
increased to 3 ng/mL. Abnormal PSA
velocity stimulated the concern, and
the patient was unwilling to wait for a

confirmatory PSA determination at a
later date. The PCA3 score was 71.7. A
biopsy demonstrated adenocarcinoma
with a Gleason score of 3 � 4 � 7.
Radical prostatectomy was performed;
the specimen was found to contain
extensive carcinoma with a Gleason
score of 7 in both lobes; margins and
lymph nodes were clear.

Figure 3B shows the PSA level in a
63-year-old physician who under-
went prostate biopsy because he was
a proband in a family with a known
BRCA2 mutation, which increases
both risk13 and virulence14 of prostate
cancer. His biopsy was performed de-
spite normal results on DRE and a
PSA level of 1.0 ng/mL. The PCA3
score was 123. Biopsy revealed exten-
sive adenocarcinoma with a Gleason
score of 7, and radical prostatectomy
was performed.

PCA3 scores, as opposed to serum
PSA levels, do not increase with in-
creasing prostate volume.6 Therefore,
in any given individual, an increased
PCA3 score cannot be attributed sim-
ply to prostate enlargement. In a re-
cent multicenter study of 570 men
who had PCA3 specimen collection
just before undergoing ultrasound-
guided prostate biopsy, no relation-
ship was found between ultrasound-
measured prostate volume and PCA3
score.6 Men with prostate volume
greater than 50 cm3 were found to
have essentially the same PCA3 score
as men with prostate volume less than
30 cm3 (25 vs 23). 

Thus, the confounding influence of
an enlarging prostate on serum PSA
levels does not occur with PCA3
scores. Serum PSA level is an excel-
lent marker of prostate volume,15 but
PCA3 score is not. The concentration
of PSA in BPH cells is several times
higher than in prostate cancer cells.16

With PCA3 the opposite is seen:
prostate cancer cells express 60 to 100
times more PCA3 than benign
prostate cells.3 The false-positive PSA
level caused by an enlarged prostate
is not seen with PCA3 scores.

Case 3: Elevated PSA Level,
Irritative Voiding Symptoms
(Prostatitis)
Acute prostatitis is known to cause
marked elevation in serum PSA lev-
els; less dramatic is the potential ef-
fect that inflammation found inciden-
tally in prostate tissue specimens may
exert on serum PSA levels.17 Between
these extremes lies a wide spectrum of
clinical presentations, ranging from
minimal to severe, and open to sub-
jective interpretation of symptoms by
both patient and physician. Compli-
cating this matter is the difficulty in
establishing a specific diagnosis of
subacute or chronic prostatitis.

Figure 4 shows the PSA levels in a
55-year-old man under observation
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Figure 3. (A) Serum prostate-specific antigen (PSA) levels in a man whose level was 1.2 ng/mL when first seen at
age 61 years (1998), rising gradually to approximately 2.0 ng/mL over the next several years, with an additional
increase to approximately 3.0 ng/mL at age 69 years (2006). 

Urinary PCA3 score was 71.7 ng/mL, which confirmed suspicion of increased PSA velocity, leading to discov-
ery of adenocarcinoma with a Gleason score of 7 on biopsy. Radical prostatectomy was performed; cancer was ex-
tensive within the prostate but was organ confined. Relatively low levels of PSA are found in some 15% of men
with localized prostate cancer.12

(B) Serum PSA level was 1.0 ng/mL in this 63-year-old physician who was a member of a family with known mu-
tation in the BRCA2 gene. Prostate examination was unrevealing. His prostate cancer antigen 3 (PCA3) score was 123.
Biopsy (bx) revealed adenocarcinoma with a Gleason score of 7, and radical prostatectomy was performed (case courtesy
of Jack Schalken, University of Nijmegen, The Netherlands). In neither of these patients did the PSA level exceed
4.0 ng/mL, but both had other indications of concern; PCA3 score was helpful in suggesting cancer and mandating biopsy.
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over years with mild voiding symp-
toms (lower urinary tract symptoms)
not requiring treatment. He then re-
turned with a mild-to-moderate in-
crease in irritative voiding symptoms
over the previous few weeks. DRE re-
vealed a slightly enlarged, smooth,
symmetric, nontender prostate. Uri-
nalysis was acellular, and results from
culture were negative. His serum PSA
level was increased to 9.1 ng/mL. The
PCA3 score was 22.5, which is below
the cutoff of 35 for optimal sensitiv-
ity and specificity.6 A presumptive di-
agnosis of prostatitis was made, and
he was treated with 3 weeks of a
quinolone antibiotic. Eventually his
serum PSA levels returned to former
levels. Biopsy was not performed. 

Along with direct trauma (eg,
biopsy, cystoscopy), prostatitis is the
most common cause of sudden,
marked elevation in serum PSA levels.
However, prostatitis is not always

acute, and the symptoms are not al-
ways severe, and even mild or moder-
ate inflammation may be sufficient to
alter cellular integrity and cause leak-
age of PSA into serum. Though data
are limited, urinary levels of the PCA3
gene seem unaffected by acute or
subacute prostatitis, and in a recent
publication, chronic inflammation
found on prostate biopsy was also not
associated with PCA3 level.6 Thus, at
this early stage of clinical evaluation,
cancer specificity of the PCA3 gene
seems to be maintained in the face of
the 2 major causes of noncancerous
PSA elevations—BPH and prostatitis.

Case 4: Microfocal Disease,
Active Surveillance
Many men with small foci of prostate
cancer may not need immediate treat-
ment and are candidates for active
surveillance.18,19 Guidelines for select-
ing and following such patients have

been established by Carter and col-
leagues,20 Kattan and colleagues,21

Klotz,22 and others. However, patient
anxiety over cancer uncertainty is an
overriding influence for many men
undergoing active surveillance.23 A
recent literature survey from the
United Kingdom found that microfo-
cal disease does not always equate
with insignificant disease, with some
patients demonstrating adverse out-
comes despite low-volume lesions on
initial biopsy.24 A specific cancer
marker in these patients would be of
immense value.

In Figure 5, the potential value of
PCA3 in identifying insignificant dis-
ease is shown. Two patients with
well-differentiated microfocal lesions
help to exemplify the value of a low
PCA3 score in confirming the pres-
ence of indolent disease. Patient 5A is
a 31-year-old man who underwent
12-core biopsy because of a serum
PSA level of 3.4 ng/mL. A single core
contained 1 mm of adenocarcinoma
with a Gleason score of 3 � 3 � 6.
The initial PCA3 score was 6.6 (ex-
tremely low), and the patient has been
followed with repeat biopsies annu-
ally for 3 years with no sign of dis-
ease progression. At recent follow-up,
his PCA3 score was 2.5 and PSA level
was 0.8 ng/mL.

Patient 5B is a 64-year-old man
with a microfocal lesion similar to
that seen in patient 5A. His PSA level
was 5.2 ng/mL and his PCA3 score
27.2 (cutoff � 35). The patient was
advised that a program of active sur-
veillance was a reasonable considera-
tion, but cancer anxiety drove him to
undergo radical prostatectomy. His
60-g prostate contained several tiny
foci of adenocarcinoma with a Gleason
score of 3 � 3 � 6 (� 1% of tissue),
which would most likely not have
become a serious threat during his
projected lifetime. 

The above cases lend confirmation
to the recent work of Nakanishi and
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Figure 4. Prostate-specific antigen (PSA) levels in a 55-year-old man with stable, low values until he returned at
age 62 years with a mild increase in voiding symptoms over the past several weeks. Results from digital rectal
examination and urinalysis were normal. PSA evaluations showed a marked increase to 9.1 ng/mL from earlier
levels. His prostate cancer antigen 3 (PCA3) score was 22.5 (and 6.2 on repeat test), levels suggesting absence of
cancer. With antibiotic treatment, PSA declined, and biopsy was deferred. Acute or subacute prostatitis, with symp-
toms ranging from severe to mild, may elevate serum PSA levels for months, confounding the utility of serum PSA
level as a cancer marker.
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colleagues,25 who obtained blinded
PCA3 scores in 96 men before radical
prostatectomy. When preoperative
PCA3 scores were greater than 25 (n �
66), 94% had significant cancers, de-
fined as dominant tumor volume
greater than 0.5 cm3 and/or final
Gleason score of 7 or greater. Further-
more, PCA3 scores in men with in-
significant cancers were not different
from those in other men without
cancer: both had scores lower than in
men with significant lesions (P � .01),
as described above. The investigators

concluded that the PCA3 score is
“potentially an effective tool for
determining which men are candi-
dates for active surveillance.”25

The above findings have been ex-
tended in a similar study of 72 men
undergoing radical prostatectomy at
Walter Reed Army Medical Center.26 In
this study, PCA3 score was found to
correlate with final tumor volume (r �
.38, P � .01) and also was an inde-
pendent predictor of extracapsular ex-
tension (ECE). Independently, a PCA3
score of 47 or higher predicted ECE

with a specificity of 94% and a posi-
tive predictive value of 80%. Remark-
ably, when PCA3 score was combined
with preoperative PSA level and
biopsy Gleason score, the area under
the receiver operating characteristic
curve for prediction of ECE approxi-
mated 90%. Thus, PCA3 gene expres-
sion seems to function synergistically
with other clinical information.

Summary and Conclusions
A marker specific for early prostate
cancer would fill an important void.
In initial evaluations of the PCA3
gene vis-à-vis serum PSA levels, the
gene offers great promise. At the cel-
lular level, PCA3 specificity for can-
cer is nearly perfect because of the
gross overexpression of the gene by
cancer cells. As a clinical test for
early prostate cancer, heightened
specificity is also seen in urine con-
taining prostate cells from men with
the disease. PCA3 gene testing holds
valuable potential in PSA quandary
situations: (1) men with elevated PSA
levels but no cancer on initial biopsy;
(2) men found to have cancer despite
normal levels of PSA; (3) men with
PSA elevations associated with vary-
ing degrees of prostatitis; and (4) men
undergoing active surveillance for
presumed microfocal disease. In the
present article, examples from clinical

Main Points
• A specific marker of early prostate cancer is not yet available, and such a test would be highly desirable. One candidate to become

that marker is the prostate cancer antigen 3 (PCA3) gene.

• PCA3 expression, which is 60- to 100-fold greater in cancerous than in benign prostate tissues, gives the gene a cancer specificity
lacking with prostate-specific antigen (PSA).

• The PCA3 test requires collection of the first 20 to 30 mL of voided urine after a digital rectal examination (DRE); without DRE
the test provides valid results in only approximately 80% of cases, but DRE increases this yield to more than 98%.

• At this early stage of clinical evaluation, cancer specificity of the PCA3 gene seems to be maintained in the face of the 2 major
causes of noncancerous PSA elevations—benign prostatic hyperplasia and prostatitis.

• PCA3 gene testing holds valuable potential in PSA quandary situations: (1) men with elevated PSA levels but no cancer on initial
biopsy; (2) men found to have cancer despite normal levels of PSA; (3) men with PSA elevations associated with varying degrees
of prostatitis; and (4) men undergoing active surveillance for presumed microfocal disease.
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Figure 5. (A) A 34-year-old man presented at age 31 years with a serum prostate-specific antigen (PSA) level of
3.4 ng/mL, leading to biopsy showing 1 mm of adenocarcinoma with a Gleason score of 6. Prostate cancer anti-
gen 3 (PCA3) scores were low (6.6 initially, 2.5 at 2-year follow-up). Serial biopsy showed no evidence of pro-
gression over the next 3 years. During that time, PSA values ranged from 3.4 ng/mL to 0.8 ng/mL (current level).
Active surveillance continues.

(B) A 64-year-old man with a serum PSA level of 5.2 ng/mL. His PCA3 score was 27.2. Biopsy showed 2 mm
of adenocarcinoma with a Gleason score of 6. Active surveillance was considered, but the patient elected radical
prostatectomy; the 60-g prostate contained tiny foci (� 1% of volume) of adenocarcinoma with a Gleason score of
6, an unlikely threat. Thus, the low PCA3 score accurately predicted insignificant disease. The cancer specificity
of PCA3 may allow gene scores to be used as a marker of disease severity and a guide for active surveillance.25,26
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practice show how urinary levels of
the PCA3 gene can help establish a
correct diagnosis in such situations. A
much larger experience will be re-
quired to identify regulators of the
PCA3 gene and to fully define sensi-
tivity and specificity of PCA3 gene
testing.
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