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Introduction: Aim of this study is to
evaluate the diagnostic performance of

PCA3 in patients with indication to perform a new biop-
sy, according to the histological doubt such as High
Grade Prostatic Intraepithelial Neoplasia (HGPIN) or
Atypical Small Gland Proliferation  (ASAP) or the clini-
cal suspicion.
Materials and Methods: One hundred men were enrolled.
We used the PCA3 - PROGENSA™ procedure. After the
PCA3 test a repeated prostate biopsy was proposed. The
histological findings were correlated to the PCA3 scores.
We calculated the positive predictive value (PPV), the
sensibility, the specificity, the Youden's index, the ROC
curves, the area under the curve (AUC) for each cut-off
value of PCA3 score.
Results: These results are preliminary, because at present
only 50 of the 100 enlisted men were subjected to re-
biopsy. We calculated the best cut-off  PCA3 score 20 at
the first diagnosis; for patients with HGPIN or ASAP at
first biopsy the best sensitivity cut-off is 45; the best cut-
off is 45 when you already have a diagnosis of HGPIN,
and 35 for ASAP. If we normalize the PCA3 score to the
prostate volume, the best cut-off would be 20, with 100%
sensitivity with a prostate volume of 65 ml. All results
are statistically significant. The real problem, also pres-
ent in literature, is the constant presence of not diag-
nosed prostate cancers, for any cut-off value.
Conclusions: Our preliminary results suggest that, to get
the best diagnostic performance, it would be wrong to
maintain a single cut-off, but it should be chosen accord-
ing to the scenario of the patients subgroup. It is to
explore the possibility to search for the PCA3 in the
serum to bridge the gap of the aggressive PCa missed by
the urinary test.
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INTRODUCTION
Prostate cancer (PCa) is one of the most common malig-
nancies in the Western world (1). Currently, the early
detection of PCa is mainly based on the digital rectal
examination and the increase in PSA levels, which lead to
prostate biopsy. Due to the low positive predictive value
(PPV) of PSA, that is 18.8% and 20.2% based on the cut-
off between 2.5 and 10 ng/ml (2), about 75% of men with
PSA and suspect digital rectal examination (DRE) will be
negative at the first prostate biopsy. Even the repeated
biopsy will be negative in about 80% of patients and pos-
itive in 20% (3-5). So when you decide to run a subse-
quent biopsy, not only the economic aspect has to be
taken into account, but also anxiety, discomfort, pain and
sometimes severe complications related to diagnostic
maneuvers. Therefore, there is the need to identify addi-
tional tests that may increase the detection rate of repeat-
ed biopsies and reduce the number of unnecessary biop-
sies. In this regard, the Prostate CAncer gene 3 (PCA3) has
shown promising results. Because of the PCA3 gene is
overexpressed in 94.6% of prostate cancers (6) at least 34
times more (x34) compared to non-cancerous prostate
tissue (7) and the diagnostic performance of PSA is poor
as test for PCa, numerous studies have been performed to
evaluate the PCA3 score as a first line in the diagnosis of
PCa. The PCA3 test with a score cut-off of 35 results
more accurate of the PSA, both with cut-off of 4 ng/ml
and 3 ng/ml (AUC 0.635 vs 0.550 and 0.581) (2). In
addition, lowering the cut-off of the PCA3 score to 20,
the accuracy of the test further improves (AUC 0.678)
(8). The diagnostic accuracy of the ratio between total
PSA/free PSA with 25% as cut-off is competitive (AUC
0.718) to the first diagnosis (9). Therefore for the first
prostate biopsy there is no real advantage of PCA3 on
PSA. In repeated biopsy, diagnostic accuracy of PSA is
reduced, while that of the PCA3 remains constant (10). 
Aim of this study is to evaluate the performance of PCA3
in patients with indication to perform a repeated biopsy,
according to the histological doubt such as High Grade
Prostatic Intraepithelial Neoplasia (HGPIN) or Atypical
Small Gland Proliferation (ASAP) or the clinical suspicion.
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patients according to the presence of HGPIN or ASAP: 1)
Subgroup of patients who showed HGPIN or PCa
(Figure 1B), 2) Subgroup of patients who showed
HGPIN in the biopsy performed before or after the PCA3
test (Figure 1C); 3) Subgroup of patients with ASAP at
biopsy performed before the PCA3 test (Figure 1D).
All 50 patients who underwent re-biopsy after running
the PCA3 test were reassessed after we have "normalized"
the PCA3 score based on prostate volume that was meas-

MATERIALS AND METHODS
In order to verify the performance
of PCA3 in patients with indication
to perform a new biopsy, on the
basis of the histological doubt
(HGPIN, ASAP) or of clinical suspi-
cion, 100 men were enrolled between
September 2011 and June 2013 (21
months) who have already undergone
a prostate biopsy the results of which
showed the presence of HGPIN or
ASAP, or who have already under-
gone at least 2 prostate biopsies with
negative results for PCa, but with
high-risk clinical features (suspect
DRE, elevated PSA, unfavorable PSA
ratio). The characteristics of patients
were: 51 patients with HGPIN at the
1st biopsy; 13 with ASAP at the 1st

biopsy; 36 with clinical suspicion
after > 2 negative biopsies, mean
age 65.8 years (range 48-82), mean
PSA 7.86 ng/dl (range 0.75-33.18)
(Table 1). After PCA3 test, a new
prostate biopsy has been proposed to
the patients. The histological findings
of the new biopsies were correlated to
the obtained PCA3 score.

Statistical analysis
We calculated the positive predictive
value (PPV), the sensitivity, the speci-
ficity, the Youden's index, the ROC
curves, the area under the curve (AUC)
and statistical reliability (p) for each
cut-off value taken in consideration,
between 20 and 100. The analysis of
the ROC curve by calculating the area
under the curve (AUC) measured the
diagnostic accuracy of the test. The
Youden's index was used to identify
the best cut-off (11). For the interpre-
tation of the values of the area under
the ROC curve (AUC), you can refer
to the classification proposed by
Swets (12).

Sampling 
and laboratory procedures
The procedure used is that registered
with the brand PROGENSA™.

RESULTS
These results are preliminary, because at present only 50
of the 100 enlisted men were subjected to re-biopsy. 
The data for these 50 patients are summarized in the
Table 1. VPP, sensitivity, specificity and Youden's Index
for each cut-off value of the PCA3 score were calculated.
The ROC curve of the group of examined patients was
obtained (Figure 1A). 
The same evaluations were performed for subgroups of

Table 1.
Patient characteristics.

Ident Nr: identification number of the patient's enrollment: Iniz: patient initials; Bx before: number of
biopsies performed before the enrollment; Pre histol: histological diagnosis of previous biopsies;
Ratio: PSA%f/t; Vol (ml): prostate volume in ml; PCA3: Detected PCA3 score; After Bx outcome: outcome
of the biopsy after the PCA3 test; After histol: histological diagnosis of the biopsy.
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Figure 1.

A. All patients.

B. Subgroup of patients who 
showed HGPIN or PCA.

C. Subgroup of patients 
who showed HGPIN in the biopsy 
performed before 
or after the PCA3 test.

D. Subgroup of patients 
with ASAP at biopsy performed 
before the PCA3 test. 

E. PCA3 score based 
on the volume of prostate gland 
to a volume of 35 ml.

F. PCA3 score based 
on the volume of prostate gland
to a volume of 65 ml.

ured when we collected the urine
sample for PCA3, by abdominal
ultrasonography (US) of prostate.
We started from the following con-
siderations: a prostate of a man over
40, normally has an average volume
of about 35 ml; on average, the
PCA3 score is considered normal
with a cut-off of 35; because the
PCA3 score is given by the formula
PCA3 mRNA/PSA mRNA x1000, it
follows that, in case of PCa with a
nodule of small volume that partial-
ly occupies only one lobe of the
prostate, for the same volume of the
neoplasm, the score will be inverse-
ly proportional to the volume of the
prostate, because for the same PCA3
mRNA (same volume of PCa = same
PCA3 mRNA), when greater is the
volume of the gland, then greater is
also the amount of PSA mRNA pres-
ent in the urine after the DRE.
Figure 1E shows data evaluation
after we "normalized" the PCA3
score based on the volume of the
prostate gland to a volume of 35 ml.
Figure 1F shows data evaluation
after we "normalized" the PCA3
score based on the volume of the
prostate gland to a volume of 65 ml. 
The mean age was 65.8 years and
the mean prostate volume 64.7 ml,
the normalization of the PCA3 score
was performed to an average vol-
ume of 65 ml. Results are summa-
rized in Table 2.

A.

B.

C.

D.

E.

F.
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DISCUSSION
The PCA3 score with cut-off of 35 is the one that offers the
best balance between sensibility (58%) and specificity
(72%) (13) in the diagnosis of PCa at the first biopsy. It
shows a positive predictive value ranging between 24%
and 54% with a loss of 32% of PCa by diagnosis, 4% of
which with Gleason Score (GS) > 7 (2, 13, 14). For this rea-
son, in order to reduce the number of missed PCa at the
first diagnosis, several authors have proposed the cut-off
of 20 (2, 15). With the cut-off of 20, Roobol et al. have ver-
ified a reduction of PCa missed at diagnosis compared to
the cut-off of 35 (12.7% vs 32.9%), none of which was GS
> 7. In the REDUCE trial the PCA3 has exceeded the PSA
for PCa-specific diagnostic ability on subjects treated with
dutasteride. The median PCA3 score in the arm of dutas-
teride treated patients did not differ from the median of
the control arm treated with placebo, both after 2 and after
4 years of treatment (16). Therefore, dustasteride treat-
ment does not affect PCA3 results.
As regards biopsies subsequent to the first it was verified
that the diagnostic accuracy of the PCA3 remains con-
stant regardless of the number of biopsies after the first
run on the same patient. Haese et al. (10) showed that the
AUC of PCA3 in subsequent biopsies remains constant
(between 0.651 and 0.667) with a cut-off of 35. PCA3 is
higher in patients with HGPIN only compared to those
without HGPIN: mean score of 47.9 (CI 36.159.8) com-
pared to 31.8 (CI 24.0-39.7) respectively. These data
agree with our experience. A "gray area" of PCA3 in pre-
dicting the outcome of the biopsies after the first one.
Both in the group of all patients and in subgroups with
HGPIN is indicated a cut-off of 45 to achieve the best
sensibility of the test and a balanced cut-off of 65, just to
emphasize the confidence intervals indicated by Haese
when the HGPIN is present. This is because in our expe-
rience more than 50% of patients undergoing the second
(or subsequent) biopsy had a diagnosis of HGPIN in the
precedent biopsies. 
The fact that patients with HGPIN show a higher mean
PCA3 score is found also by other Authors (17). In fact,
there are already present many genetic changes in the
cells of PIN lesions. The most frequent concern the
increased expression of chromosomes 7p, 7q, 8q and
inactivation of chromosomes 8p, 10q, 13q, 16q and 18q;
the inactivation of suppressor genes including the PTEN
and the overexpression of c-myc and bcl-2 oncogenes,
which play an important role in the initiation and pro-
gression of PCa (18). Bussemakers et al. (6) were the first

who identified and characterized the DD3 (PCA3) gene
comparing PCa tissues containing areas with non-malig-
nant prostate tissue. Since the identification was per-
formed by immunohistochemistry on tissue samples of
prostate removed for PCa it is possible that "non-malig-
nant" areas also contained HGPIN that, as already said, is
present in 82% of prostates with PCa. It is therefore like-
ly, that the results of de Kok et al., which showed that the
PCA3 was overexpressed x 34 times in malignant tissue
and x 6 times in non-malignant tissue, are likely to cor-
related to the presence of HGPIN in the "non-malignant"
tissue of a prostate affected by CaP (7).
The above reasons justified the fact that the best cut-off,
identified by Youden's Index, in a subpopulation of
patients who are already at their second or subsequent
biopsy, can be placed between 45 and 65, just for the
presence of HGPIN in more than half of the cases.
A different matter concerns the subgroup of patients who
underwent re-biopsy for the presence of ASAP. The term
ASAP was originally used by Iczkowski et al. (19) It refers to
minutes tumoral foci: small lesions that disappear in other
histological sections, or when cytologic categorical criteria
to establish a diagnosis of carcinoma are absent. It may
represent an only marginally sampled tumor or one of sev-
eral benign lesions that mimic malignancy. In practice, it is
a "non-diagnosis”. In our experience, the best cut-off of the
PCA3 test performed only on patients with isolated ASAP
(without PIN) at the first biopsy has confirmed the score of
35. Probably because a missed-diagnosis to the first biop-
sy, restarts the diagnostic path from "time zero".
The scientific literature has now largely confirmed that the
PCA3 score is not affected by stage and aggressiveness of
the disease, but it is certainly correlated to the volume of
the disease (15). Because the formula for the PCA3 score
is PCA3 mRNA/PSA mRNA x1000, to say that the PCA3
score is influenced by the volume of the tumor is a partial
affirmation, because it affects only the numerator of the
formula. Logically, one senses that the PCA3 score should
be correlated in direct proportion to the volume of the
tumor (PCA3 mRNA in the numerator) and inversely pro-
portional to the volume of prostate without tumor (PSA
mRNA in the denominator). For this reason it was also
carried out an assessment of the diagnostic appropriate-
ness of the test after the normalizing of the score accord-
ing to the prostate volume of each patient. In a first case
the result was normalized to prostate of 35 ml in average;
in a second case has been carried out the normalization of

Population under consideration Best sensibility Best cut-off AUC Missed Missed 
cut-off (Youden’s index) PCa GS > 7

All patients 45 65 0.645 p < 0.0001 4/13 2/4

Subgroup HGPIN + PCa 45 65 0.604 p < 0.001 4/13 2/4

Subgroup HGPIN before or after PCA3 45 65 0.616 p < 0.001 1/6 0/1

Soubgroup ASAP 35 35 0.567 p < 0.01 2/10 1/2

PCA3 score normalized to 35 ml of prostate vol 20 50 0.656 p < 0.0001 5/13 2/5

PCA3 score normalized to 65 ml of prostate vol 20  100 0.584 p < 0.001 5/13 2/5
sensibility: 100%

Table 2. Summary of results.
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the scores computed on a prostate of 65 ml in average
(given that the mean age of the subjects was 65.8 years,
and the prostate at that age was of 65 ml in average).
Normalizing the score for volume of 35 ml the gray area
moves toward the cut-off of 20, as before the first biop-
sy, and we also get the best result with AUC 0.657.
Normalizing the score for prostate volume of 65 ml, with
the cut-off of 20 it will reach the sensibility of 100%,
whereas the best compromise between sensitivity and
specificity is obtained with the cut-off of 100.
The real problem of the diagnostic tests in the decision
path to decide on the opportunity to perform a prostate
biopsy is the number of PCa that may escape diagnosis
according to the used cut-off (the problem exists both for
the PSA that for the PCA3, that for all other experimental
tests). The literature reports the rate of PCa escaped the
diagnosis using PCA3 test: of 12.7% with a cut-off of 20
and 32.9% with a cut-off of 35 at the first biopsy; while
it is 14.3% with both cut-off of 20 that with cut-off of 35
in biopsies subsequent to the first one (2). The 36.4% of
PCa escaped the diagnosis of biopsies following the first
one consists of PCa with GS > 7. Even in our series there
are potentially missed PCa: between 17% and 38%. We
verified the best results in the subgroup composed exclu-
sively of HGPIN in which there is a risk of 17% to not
diagnose a PCa, but none of PCa escaped at diagnosis
would have had a GS > 7. The reason why it is possible
that more aggressive tumors may escape the diagnosis of
PCA3 test resides entirely in the sampling procedure of
the diagnostic test. The collected sample has a chance to
contain only the cancer cells that are shed in the urine
during the DRE. For this to happen it is necessary that the
glands, even when they are affected by cancer, continue
to be open to the side of the urethra. It is possible, there-
fore, that the glands with malignancy are no longer open
towards the urethra and that the tumor cells, while still
producing PCA3 mRNA, are no longer discharged into
the urinary stream making the test falsely negative. 

CONCLUSIONS
The PCA3 test is a useful diagnostic tool able to guide the
decision-making in the early diagnosis of prostate can-
cer. To get the best diagnostic performance should be
considered different cut-off based on biopsy session,
prostate volume, histology of initial biopsy. Our results,
although preliminary because taken from the 50% of
enrolled men, support that different PCA3 cut-off should
be used: 20 at the first diagnosis, 35 in isolated ASAP, 45
in isolated HGPIN. A special focus deserves the oppor-
tunity to normalize the score to prostate volume. 
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