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Abstract

PSA is the most routine marker to detect prostate cancer, but due to its low specificity that can lead to a number of unnecessary
biopsies, there is great need for an alternate method. Can PCA3 be one of these methods? PCA3 is overexpressed in prostate cancer,
not in benign conditions such as prostatitis (unlike PSA). Because of its efficacy (being more sensitive and specific in comparison
with PSA), this biomarker could be a very useful and promising method for the early detection of prostate cancer, especially in
combination with other tests such as TMPRSS2-ERG gene fusion.

Keywords: Prostatic Specific Antigen, Prostate Cancer Antigen 3, Prostate Cancer, Prostate Cancer, Screening

1. Introduction

Prostate cancer is the second most common malig-
nancy in males, with an age-standardized incidence rate
(ASR) of 31.1 worldwide, and the most common male can-
cer in Europe and the United States (1); and low in Asian
populations with estimated rates of 10.5 and 4.5 in Eastern
and South-Central Asia. In 2012, prostate cancer was the 5th
cause of death from cancer in males (6.6%) (2).

In a research in 5 provinces of Iran (Ardabil, Guilan,
Golestan, Mazandaran, and Kerman) ASR of prostate can-
cer was 5.1 per 100 000 person-years (3).

Now, ASR of prostate cancer is around 24.9 and 12.6, re-
spectively in West Asia and Iran (4).

Survival of prostate cancer depends on many factors
such as tumor grade, stage, invasion, and metastasis at the
time of diagnosis and of course, early detection that may
provide a better survival for patients (5).

Traditional approaches to screen prostate cancer (PCa)
are periodic monitoring of prostate specific antigen (PSA)
and digital rectal examination (DRE). PSA is a glycoprotein
produced by prostate epithelial cells and for detection of
prostate cancer is nonspecific (6). Thus, several studies try

to find methods that increase the specificity of PSA. The
most routines are percent free PSA, prostate health index
(PHI), 4Kscore, and prostate cancer antigen 3 gene (PCA3)
(7).

Although PSA increases in prostatic neoplasms, it can
be influenced by some benign conditions such as prostati-
tis and benign prostatic hyperplasia (BPH). Ejaculation,
prostate biopsy, and acute urinary retention can also in-
crease PSA levels. Finasteride and dutasteride can decrease
the level (8).

At a sensitivity of 80%, the specificity of PSA to diagnose
the prostate cancer in a cohort study, ranged between 20%
and 37% (corresponding to serum PSA values of 1.7 and 3.0
ng/mL, respectively). This low specificity (in PSA level of 3
to 15 ng/mL), resulted in a negative biopsy rate of 70% to
80% in of the study by Hessels et al. (9). This flaw results
in lots of unnecessary biopsies; therefore, there is a great
need for a more specific and sensitive biomarker that can
substitute PSA. According to low specificity of PSA, risk of
overdiagnosis and overtreatment of PCa is notable. To face
this weakness of PSA, PCa biomarkers and detection tools
are used. One promising approach is to measure PCA3 in
collecting urine specimens (10).
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Prostate health index (PHI) and PCA3 showed a signif-
icant increase in sensitivity and specificity, in comparison
with other markers (8). In practice, there is no significant
difference between the ability of PCA3 and PHI to predict
PCa diagnosis in males undergoing the 1st prostate biopsy,
however, combination of PCA3 and PHI is a valuable diag-
nosis tool (9). The higher specificity of this method can pre-
vent unnecessary biopsies (10).

2. Prostate Cancer Antigen 3 Gene

PCA3 is highly overexpressed in almost all tissue spec-
imens of prostate cancer (not in normal or hypertrophied
tissue). It was 1st identified in 1999 due to collaborative re-
search efforts by Johns Hopkins Hospital, Baltimore, and
the Radboud University, Nijmegen, Netherland (11), and
PCA3 was called differential display clone 3 (DD3). PCA3 is a
segment of mRNA from chromosome 9q21-22’segment (12).

Multiple studies verified that PCA3 is a RNA that is not
expressed outside the prostate and PCA3 levels are usually
higher in cancerous tissue than benign tissue (13).

Early studies showed improved performance charac-
teristics for PCA3 in urine over PSA to diagnose prostate
cancer (14).

3. Tanique of Sampling

PCA3 urine samples were collected after an attentive
digital rectal examination (DRE) of the prostate to exfoli-
ate cells in urine. The initial 20 to 30 mL of voided urine
after DRE should be collected and tested within 1 hour (15).

The PCA3 score is reported as the ratio of urine PCA3
mRNA to urine PSA mRNA × 1000, normalizing PCA3 ex-
pression to PSA expression.

4. Results of Studies

Several experimental studies are done to evaluate
the value of urine PCA3 to support as a prostate cancer
biomarker, and all have presented that PCA3 scores are
closely associated with the possibility of a positive biopsy
(9). Moradi et al., showed that expression of this marker in
urine was more sensitive than blood to distinguish cases
with PCa and healthy males (16).

5. PCA3 Score Cut-Off

Numerous cut off points are suggested, most fre-
quently 10, 25, and 35 (17, 18). Haese et al., described a cut
off point of 35, with positive biopsy results in 39% beyond
the threshold versus 22% under the threshold (17). In the

U.S. agency for healthcare quality and research, Bradley et
al., indicated a threshold of 25 in a sensitivity of 74% and
specificity of 57% (19). The cut off of points of 25 was used
in the food and drug administration (FDA) approval stud-
ies and 35 in the national cancer comprehensive network
(NCCN) guidelines (7).

6. Advantages of PCA3

A research in China showed increased PCA3 in biopsy
tissue relate to prostate cancer and that the PCA3 test may
enhance the diagnosis efficacy as the PCA3 level is indepen-
dent of PSA score. The possibility of a positive biopsy im-
proved with increasing PCA3 scores. The PCA3 score was
significantly higher in males with prostate malignancy vs.
benign prostatic hyperplasia (BPH).

The PCA3 score When PCA3, serum PSA, and biopsy Glea-
son score (GS) combined with each other, the diagnostic ac-
curacy boosted to 90% to predict extracapsular extension
or clinically low volume (< 0.5 mL) tumor. Combination of
PCA3 and PSA blood test can be useful to reduce overdiag-
nosis and adverse screening outcomes. It was proved by
a cohort study by the American association for cancer re-
search (20).

In a cohort study, 407 Italian males with a history of 2
or more PCa risk factors and at least a previous negative
biopsy in urology unite of Regina Elena Cancer Institute
were tested for PCA3, total PSA (tPSA), and free PSA (fPSA and
f/tPSA). Out of 407 males, 48% were positive for PCa, and the
PCA3 score was significantly higher among the subjects (P
value < 0.0001). PCA3 test simplified the selection of high
risk patients and had the best diagnostic interpretation,
compared with tPSA and f/t PSA. Greater tumor aggressive-
ness correlated with higher PCA3 value (21). But another re-
search showed that both urine PCA3 and tPSA were associ-
ated with the diagnosis of PCa. These 2 markers were inde-
pendent and their combination model did not boost pre-
diction of PCa (13). Analysis of the results of a study on the
relationship between PCA3 and characteristics of tumor
aggressiveness showed that PCA3 had no significant corre-
lation with the tumor volume and primary or secondary
Gleason patterns’ specific tumor volume (GPTV); and PCA3
scores did not have any influence on prediction of aggres-
sive prostate cancers (22).

In a Polish cohort prospective study, 80 males (age
range 50 to 81 years) with a history of increased serum PSA
level (4 to 10 ng/mL) and no previous biopsy were tested
for PCA3 (urine sample after DRE and PCA3 RNA concentra-
tion), and had prostatic biopsy on the same day. The review
led to conclude that combining the result of PCA3 with PCa
risk factors significantly enhanced the chance of predict-
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ing a positive prostate, compared to the results of PCA3 or
PSA-alone (23).

PCA3 score correlated with grade of tumor. No link
was found in association of PCA3 score alteration with age
> 65 years (P value = 0.975), family history of prostate
cancer (P value = 0.796), positive DRE (P value = 0.179),
use of 5-alpha-reductase inhibitors (P value = 0.793), and
BPH/prostatitis/HG-PIN/ASAP diagnosis (P value = 0.428)
(24, 25). Compared to PSA, PCA3 was independent of
prostate volume (17).

TMPRSS2-ERG gene fusion is another potential PCa
biomarker, a suitable promising biomarker for its speci-
ficity to PCa tissue. The combination of TMPRSS2-ERG and
PCA3 may improve diagnosis and can be used as a power-
ful screening method, as most of the false-negative adverse
outcomes of the PCA3 test were corrected by TMPRSS2:ERG
(57%) (26).

Nearly 70% of patients with PSA value of 4 to 10 ng/mL
are persuaded to undergo unnecessary prostate biopsies.
Due to resistance to fluoroquinolone prophylaxis, post-
biopsy infections are increasing; naturally, this problem
has economical and clinical outcomes, therefore, alterna-
tive approaches should be considered. PCA3 reduces the
number of unnecessary biopsies and post-biopsy infec-
tions (27). PCA3 score can remarkably prevent the number
of unnecessary biopsies (32.4% of the cases referred to Urol-
ogy Unit, Cannizzaro hospital, Catania, Italy) (28).

Urine PCA3 can be used as one of the non-invasive
method to diagnose prostate cancer, since it had accept-
able sensitivity and specificity in a meta-analysis (29).

7. Guidelines

Prostate cancer early detection guideline of NCCN sug-
gested that PCA3 seems to be most valuable to deter-
mine which patients should undertake a repeat biopsy (7).
Prostate cancer guideline of European association of urol-
ogy (EAU) mentioned that urine test for PCA3 is superior
to total and percent free PSA to find PCa in males with el-
evated PSA, as it displays significant rises in the area under
the receiver-operator distinctive curve for positive biop-
sies. PCA3 score surges with PCa size, but there are differ-
ent data about whether it individually predicts GS, and its
use to monitor active surveillance (AS) is unverified and
confirms the comment of NCCN about the need of repeat
biopsy (30).

8. Conclusion

Although PSA still retains its place in screening and
early diagnosis of prostate cancer strongly, PCA3 test may

be useful in the following PSA conditions: 1) Increased PSA
with 1 or more negative biopsies to decide for repeat biopsy,
2) Large prostates, 3) Positive biopsy with normal PSA, 4)
Prostatitis with increased PSA, 5) Borderline PSA in use of 5-
alpha-reductase inhibitors, and 6) Prediction of aggressive
prostate cancers.

Since the specificity of PSA is not satisfactory, PCA3 can
be used for screening and early diagnosis of prostate can-
cer. Combination of PCA3 with other potent biomarkers
(such as TMPRSS2-ERG gene fusion, or PHI or 4Kscore) is
highly recommended due to their higher ability to cover
weaknesses of each other.
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