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Introduction: Prostate cancer is among the most common malignancies in men which can be well-managed
if early diagnosed. Nevertheless, to date, no accurate index has been detected in order to differentiate prostate
cancer from the other benign conditions practically except biopsies that is an invasive procedure.

Objectives: The current study is aimed to assess the values of urinary prostate cancer antigen 3 (PCA3) in prostate
cancer diagnosis.

Patients and Methods: This case-control study was conducted on 28 patients with elevated levels of prostate-
specific antigen (PSA) who underwent transrectal prostate biopsies in 2019. The urinary level of PCA 3 was
measured using real-time polymerase chain reaction (RT-PCR). Ultrasonography was performed to assess the
volume of prostate, as well. PSA density (PSAD) was defined as PSA divided by prostate volume. The patients
were divided into two groups of benign prostatic hyperplasia (BPH) or prostate cancer based on prostate biopsy
pathological report. The values of PCA 3 were evaluated.

Results: PCA 3 had accuracy of 0.708 at cut-off point of 27.75 with measured AUC of 0.720 (95% Cl: 0.510-
0.931), sensitivity and specificity of 72% and 69%, respectively. PSA had accuracy, sensitivity, and specificity of
0.708, 70% and 71.4% at cut-off of 9, whereas PSAD had 0.667, 88% and 50% at cut-off of 4.8, respectively.
Conclusion: Based on the findings of this study, urinary PCA 3 can be considered as a valuable biomarker for the
prediction of malignancy in prostate biopsies with the sensitivity and specificity of 72.7% and 69.2% at the cut-off
level of 27.75, respectively.

Introduction

Nowadays, prostate cancer is considered as the
second commonly diagnosed type of cancer
and the third most frequent cause of death
from cancer in men (1). According to recent
reports, the annual worldwide incidence rate
of this cancer was estimated to account for
1.6 million persons per year (1,2). Therefore,
finding an early predictor can play a substantial
role in the management and prognosis of
patients with this type of cancer (3).

Key point

The early detection of prostate cancer can lead to
proper management of this malignancy as one of the
most common types of tumors worldwide. Although
this goal can be achieved by screening, there is no
specific and sensitive biomarker in this term. The
current study aimed to assess prostate cancer antigen
3 (PCA3) for this regard and found the sensitivity and
specificity of 72.7% and 69.2% at the cut-off level of
27.75, respectively.

Serum prostate-specific antigen (PSA) level
has been widely used as the gold standard
for the screening of prostate cancer (4).
However, despite its high specificity for
clinical applications, PSA is not a cancer-
specific biomarker, as it can be affected by
confounding factors like prostatitis or benign
prostatic hyperplasia (BPH) (5). Therefore,
numerous investigations are in progress on
this factor including; PSA-related indices such

as PSA isoforms, free/total PSA ratio and
volume-referenced PSA in order to promote
the specificity of the biomarkers in the
detection of prostate cancer (6-8). Although
the elevation of PSA can be associated with
the risk of developing prostate cancer, as
an invasive screening tool, unnecessary
biopsies are likely required, which limits its
applicability for routine clinical applications
(9,10).
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Bussemakers et al introduced prostate cancer antigen
3 (PCA 3) as an untranslated prostate-specific messenger
RNA (mRNA), which is over-expressed in prostate
biopsies (11). Further investigations not only confirmed
this finding in terms of this novel biomarker, but also
have shown up to 66-folds over-expression of PCA3 in
prostate cancer, compared to the normal or other benign
conditions (12,13). In this regard, numerous studies have
been conducted, or in progress, to evaluate the applicability
of PCA 3 rather than PSA for detection of prostate cancer.
Nevertheless, providing a significantly diverse study
population, possibly multi-centric, may produce more
accurate results on the cut-off values of this biomarker,
which leads to higher predictive capability (10,14-17).
Therefore, a pilot study in the community of Iran is
required to determine a cut-off value for the application of
PCA 3 among Iranian men with prostate cancer.

Objectives

The current study aimed to evaluate the urine mRNA-
PCA3 expression level in prostate patients in Iran, in
order to provide a cut-off value of this biomarker for the
diagnosis of prostate cancer.

Patients and Methods

Study design

The current case-control study was conducted on 28
patients with elevated levels of PSA who underwent
transrectal prostate biopsies in the affiliated urology
clinics at AJA University of Medical Sciences from April
2019 to December 2019.

Over 40 years old men with increased levels of PSA
and/or abnormal digital rectal examination (DRE) were
included. Previous history of prostate cancer, urinary tract
infections, history of any invasive treatment for BPH and
administrations of any agent affecting the serum levels of
PSA were considered as the exclusion criteria.

The patients who met the inclusion criteria were enrolled
in the study through convenience sampling. One-by-one
block sampling was performed to gather the data, in this
term, parallel to a patient with the absolute diagnosis of
prostate cancer based on prostate biopsies, a case with the
diagnosis of BPH following ruling malignancy out was
entered into the study as a control participant.

Diagnosis of prostate cancer
Extended prostate biopsy (12 cores) was conducted
for all of the studied population based on the standard
protocols for prostate biopsies (10). Besides, the blood
sample was taken from the participants and serum PSA
was measured. In addition, the volume of prostate was
measured for all the participants using ultrasonography.
The latter measurement of this study was PSA density
(PSAD) calculated by the division of prostate volume by
PSA levels.

The biopsies underwent pathological study and the

percentage of positive cores was reported. By division
of positive cores by the total number of taken cores, the
percentage of the positive cores was calculated. Thereafter,
the patients were divided into two groups (<33% positive
core and >33% positive cores) (18). Indolent cancer was
determined as the Epstein criteria; PSAD <0.15, Gleason
score <6 and less than six positive cores on a twelve-core
biopsy (18).

Quantitative PCA 3 measurement

In order to gather urine specimens for PCA 3 evaluation,
patients underwent a DRE and the first voided sample
after that was examined using PROGENSA PCA3 assay.
The quantitative PCA 3 was measured as follows;

Total RNA from urine sediments was extracted using
TRIzol reagent (Invitrogen; No. 15596-026, USA). 50 ng
of total mRNA was treated with with DNase I (TaKaRa:
D2215, TaKaRa, Japan) prior to cDNA synthesis and
then amplified with a TransPlex Complete Whole
Transcriptome Amplification Kit (WTA2 Sigma-Aldrich,
St. Louis, MO, USA) according to the manufacturer’s
instructions. Quantitative reverse transcription PCR
(qQRT-PCR) was performed using SYBR® Premix Ex
Tag™ (TaKaRa: DRRO81A TaKaRa, Japan) with an
Applied BioSystems StepOne Plus according to the
manufacturer’s recommended cycling conditions.
The gene-specific sequence information for the qRT-
PCR primers is as follows; PSA-forward primer
GTCTGCGGCGGTGTTCTG,  PSA-reverse  primer
TGCCGACCCAGCAAGATC; PCA3 forward primer
TGGTGGGAAGGACCTGATGATACAG, and PCA3
reverse primer TCTCCCAGGGATCTCTGTGCTTCC.
Briefly, 2 ul of the cDNA solution was amplified using
10 pl SYBR® Premix Ex Taq™ (Perfect Real Time) (2x)
(TaKaRa: DRR0O81A TaKaRa, Japan), 2 ul primers, 0.4
ul ROX Reference Dye (50x), and nuclease-free H2 O
in a final volume of 20 ul. The data were analyzed with
StepOne Software version v2.1 (Applied BioSystems,
USA). A melt-curve analysis was performed at the end
of the amplification. Samples with PSA cycle threshold
(Ct) values of >28.15 were excluded to ensure sufficient
prostate cell collection. All of the assessments were
performed twice. The signals’ amplifications were not
obtained by the addition of nuclease-free water was added
instead of cDNA. StepOne software version v2.1 (Applied
BioSystems, USA) was utilized to analyze the data (15).

Statistical analysis

Descriptive statistics were reported as meant standard
deviation for continuous variables with normal
distribution or median (inter-quartile range) for those
with non-normal distribution and frequency (percentage)
of patients for categorical variables. The independent
sample t-test was used to measure the difference of the
mean score between cancer and BPH groups. In addition,
the PCA3 performance was assessed using the area under
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the curve (AUC) of the receiver-operating characteristics
and measures of diagnostic accuracy including sensitivity,
specificity and accuracy value. The optimal cut-off point of
the model was determined using Youden index, calculated
as (sensitivity+ specificity-1). The level of statistical
significance was considered at P=0.05. All statistical
analysis was conducted using IBM SPSS Statistics version
21.

Results

In the current study, data of 28 patients, including 14 ones
with prostate cancer and 14 ones with BPH were recruited
among which, two persons with BPH were excluded due to
incomplete medical records.

The mean age of the cancerous cases was 67.07 (4.85)
years and the patients with BPH was 62.81 (8.06) years
which revealed non-significant difference between the
groups (P=0.087). In addition, the studied population were
not statistically different in terms of PSA level (P=0.172),
PSAD (P=0.055), and urine PCA3 levels (P=0.199); but
the prostate volume was remarkably higher among BPH
cases as compared to the patients suffering from prostate
cancer (P=0.014). The detailed information is presented
in Table 1.

Based on Table 2, among the studied prostate related
indices, PCA 3 had the highest level of accuracy at cut-
off point of 27.75 with measured AUC of 0.720 (95%CI:
0.510-0.931), sensitivity and specificity of 72% and 69%,
respectively. At the same time, PSA and PSA density
represented accuracy of 0.708 and 0.667 at the cut-off
points equal to 9 and 4.8, respectively. Detailed information
is presented in Table 2 and Figure 1.

Discussion

To the best of our knowledge, there is no study on the
evaluation of the urine mRNA-PCA3 expression level

Table 1. Demographic and clinical characteristics of the two studied groups

mRNA-PCAS3 for prostate cancer diagnosis

PSAD
— Reference Line

Sensitivity

|
00 — T T
00 02 04 0§ ] 1.0

1 - Specificity

Figure 1. The ROC of diverse prostate-related indices for early diagnosis of
malignancy.

in prostate patients in Iran, for the detection of cancer
among those with abnormal levels of PSA who underwent
transrectal prostate biopsies. According to our findings,
patients diagnosed prostate cancer have shown remarkably
higher serum PSA (19), and fee-to-total PSA levels (20),
prostate volume (21) and also PSA density (21). Although
the remarkable higher levels of mentioned factors among
the cancerous people in comparison to BPH are in line with
the previous studies (20, 21), to definite cancer diagnosis,
trans-rectal biopsies were also required (22).

PCA3 gene which is located in zones 21-22 of no.
9 human chromosome with a total length of 25 kb
and composed of four exons and three introns has
been introduced by Baltimore and colleagues (23).
Investigations of this gene revealed elevated levels of this
gene expression among patients with prostate cancer
(24). By further studies, it was revealed that PCA3 gene
expression is elevated not only in blood but also all the

Prostate cancer (n=14) BPH (n=12) P value
Age (years), mean + standard deviation 67.07+4.85 62.81+8.06 0.087
PSA (ng/mL) 21.64+27.79 10.85+4.28 0.172
Prostate volume (cc) 36.82+12.74 58.39+26.67 0.014
PSAD 3.71+5.41 5.91+3.33 0.055
GAPDH (Ct mean) 26.04+3.26 25.70+4.46 0.823
PCA3 (Ct mean) 29.45+3.09 27.95+2.64 0.199
ACt 3.41+3.58 2.26+4.13 0.457

Table 2. The diagnostic values of diverse prostatic indices for the differentiation of BPH versus prostate cancer

Sensitivity (95% CI)

Specificity (95% CI)

Accuracy (95% CI)

Cut point AUC (95% CI)
GAPDH 28.5 0.591 (0.363-0.819)
PCA3 27.75 0.720 (0.510-0.931)
PSA 9 0.650 (0.409-0.891)
PSAD 4.8 0.648 (0.409-0.887)

1.00 (0.715-1.000)
0.727 (0.390-0.939)
0.700 (0.347-0.933)
0.888 (0.517-0.997)

0.357 (0.127-0.648)
0.692 (0.385-0.909)
0.714 (0.419-0.916)
0.500 (0.211-0.789)

0.640 (0.425-0.820)
0.708 (0.489-0.873)
0.708 (0.489-0.873)
0.667 (0.430-0.854)
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body fluids which led to the assessment of urinary levels,
a finding that was confirmed by the study of Long-Ya et
al, that represented significantly increased levels of PCA3
mRNA in both blood and prostatic secretions of patients
with prostate cancer as compared to BPH (25).

We evaluated diverse prostatic indices values in
differentiation of prostate cancer from BPH, which
revealed the superiority of PCA3 mRNA than the other
more popular ones, such as PSA or PSAD. This outcome
was in line with the previous studies evaluating the values
of different indices in the early detection of prostate cancer
(20, 21).

Based on our study, urinary assessment of PCA3 mRNA
at the cut-off of 27.75 had the sensitivity and specificity
of 72.7% and 69.2%, respectively. These findings were in
line with the study of Li et al on Chinese people in 2018.
Their study assessed the levels of PCA3 mRNA among
patients with cancer, BPH and nephrolithiasis and found
remarkable higher levels of gene expression among those
with cancer than the other two pathological conditions.
Further assessment led to determination of considerable
sensitivity and specificity of 87.5% and 79.2% at the cut-off
of 33.86(26).

Most of the other studies in the literature have defined
an index, PCA 3 score which is calculated by the division
of PCA3 mRNA by PSA mRNA. Ochiai et al assessed the
values of PCA3 assay for the detection of prostate cancer
and revealed promising outcomes at the cut-off value
35 as a valuable cut-off with specificity and sensitivity
of 71.6% and 66.5% for the discrimination of cancerous
masses from BPH, respectively (10). In another study
with a similar design, Groskopf et al utilized PCA 3 assay
and represented the sensitivity and specificity of 69% and
79% at the cut-off level of 50 among North American
men (27). Deras et al have conducted another study in
North America, which assessed the use of PCA 3 assay in
urine samples for the diagnosis of prostate cancer. They
showed that the cut-off level of 35 led to the ultimate
54% sensitivity and 74% specificity for the detection of
prostate cancer. However, they stated that the addition of
other indices, including DRE, serum PSA, and prostate
volume to PCA 3 could potentially increase the AUC from
0.69 to 0.75. Therefore, they insisted on the necessity of
a thorough clinical and para-clinical examination instead
of using PCA 3 biomarker as a standalone determinant
of prostate cancer (28). Gils et al investigated the value
of derived PCA3 from urine samples versus prostate
fluid following a prostate manipulation through DRE in
the diagnosis of prostate cancer. They also collected the
pathological findings obtained from prostate biopsy for
the evaluations. They represented a cut-off level of 66 with
the specificity and sensitivity of 82% and 65% from the
prostate fluid, respectively; whereas, the urine specimens
were accompanied by the ultimate values of 80% and 61%
at the threshold level of 43 (29). Adam et al conducted
their study among the African males and represented the

highest values by the threshold of 60 with specificity and
sensitivity of 68.9% and 66.7%, respectively (30).

Conclusion

Based on the findings of this study, urinary PCA3 can
be considered as a valuable biomarker for the prediction
of malignancy in prostate biopsies with the sensitivity
and specificity of 72.7% and 69.2% at the cut-off level
of 27.75, respectively. Due to the limited numbers of
investigations regarding the use of urinary PCA3 mRNA
for prostate cancer diagnosis, further studies are strongly
recommended.

Limitations of the study

Full validation of the derived results needs inclusion of
other comprehensive potential assays such as, the duration
of the disease, the race and ethnicity of the patients and
drug history to provide higher predictive capability. A
significantly larger study population may produce more
detailed results on the specificity and sensitivity of the
urine levels of PCA3 for clinical applications.

Acknowledgments
We are grateful to Urology Department officials of AJA University
of Medical Sciences.

Authors’ contribution

AY, NF, GS and HN were the principal investigators of the study. AY
and HN were included in preparing the concept and design. AY and
HN revisited the manuscript and critically evaluated the intellectual
contents. All authors participated in preparing the final draft of
the manuscript, revised the manuscript and critically evaluated
the intellectual contents. All authors have read and approved the
content of the manuscript and confirmed the accuracy or integrity
of any part of the work.

Conflicts of interest
The authors declare that they have no competing interests.

Ethical issues

The research followed the tenets of the Declaration of Helsinki.
The institutional ethical committee at AJA University of Medical
Sciences approved all study protocols (IR.AJAUMS.REC.1399.040).
Accordingly, written informed consent was taken from all
participants before any intervention. Additionally, Ethical issues
(including plagiarism, data fabrication, double publication) were
completely observed by the authors.

Funding/Support
The current study was sponsored by AJA University of Medical
Sciences.

References

1. Pernar CH, Ebot EM, Wilson KM, Mucci LA. The Epidemiology
of Prostate Cancer. Cold Spring Harb Perspect Med.
2018;8:a030361. doi: 10.1101/cshperspect.a030361.

2. Ferlay ), Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo
M, et al. Cancer incidence and mortality worldwide: sources,
methods and major patterns in GLOBOCAN 2012. Int] Cancer.
2015;136:E359-86. doi: 10.1002/ijc.29210.

3. AhnJ, Albanes D, Peters U, Schatzkin A, Lim U, Freedman M, et
al. Dairy products, calcium intake, and risk of prostate cancer

Immunopathologia Persa Volume 8, Issue 2, 2022



in the prostate, lung, colorectal, and ovarian cancer screening
trial. Cancer Epidemiol Biomarkers Prev. 2007;16:2623-30.
doi: 10.1158/1055-9965.EPI-07-0601

Tawfik A. Prostate-Specific Antigen (PSA)-Based Population
Screening for Prostate Cancer: An Economic Analysis. Ont
Health Technol Assess Ser. 2015;15:1-37.

llic D, Djulbegovic M, Jung JH, Hwang EC, Zhou Q, Cleves
A, et al. Prostate cancer screening with prostate-specific
antigen (PSA) test: a systematic review and meta-analysis. BMJ.
2018;362:k3519. doi: 10.1136/bmj.k3519.

Catalona WJ, Southwick PC, Slawin KM, Partin AW, Brawer
MK, Flanigan RC, et al. Comparison of percent free PSA,
PSA density, and age-specific PSA cutoffs for prostate cancer
detection and staging. Urology. 2000;56:255-60. doi: 10.1016/
S0090-4295(00)00637-3.

Filella X, Foj L. Prostate Cancer Detection and Prognosis: From
Prostate Specific Antigen (PSA) to Exosomal Biomarkers. Int )
Mol Sci. 2016;17:1784. doi: 10.3390/ijms17111784.
Catalona W/, Partin AW, Slawin KM, Brawer MK, Flanigan RC,
Patel A, et al. Use of the percentage of free prostate-specific
antigen to enhance differentiation of prostate cancer from
benign prostatic disease: a prospective multicenter clinical trial.
JAMA. 1998;279:1542-7. doi: 10.1001/jama.279.19.1542.
Tikkinen KAO, Dahm P, Lytvyn L, Heen AF, Vernooij RWM,
Siemieniuk RAC, et al. Prostate cancer screening with prostate-
specific antigen (PSA) test: a clinical practice guideline. BMJ.
2018;362:k3581. doi: 10.1136/bmj.k3581.

Ochiai A, Okihara K, Kamoi K, Oikawa T, Shimazui T,
Murayama S, et al. Clinical utility of the prostate cancer gene
3 (PCA3) urine assay in Japanese men undergoing prostate
biopsy. BJU Int. 2013;111:928-33. doi: 10.1111/j.1464-
410X.2012.11683 .x.

Bussemakers MJ, van Bokhoven A, Verhaegh GW, Smit FP,
Karthaus HF, Schalken JA, et al. DD3: a new prostate-specific
gene, highly overexpressed in prostate cancer. Cancer Res.
1999;59:5975-9.

Auprich M, Bjartell A, Chun FK, de la Taille A, Freedland §J,
Haese A, et al. Contemporary role of prostate cancer antigen 3
in the management of prostate cancer. Eur Urol. 2011;60:1045-
54. doi: 10.1016/j.eururo.2011.08.003.

FradetV, Toren P, Nguile-Makao M, Lodde M, Levesque J, Leger
C, et al. Prognostic value of urinary prostate cancer antigen
3 (PCA3) during active surveillance of patients with low-risk
prostate cancer receiving 5alpha-reductase inhibitors. BJU Int.
2018;121:399-404. doi: 10.1111/bju.14041.

Haese A, de la Taille A, van Poppel H, Marberger M, Stenzl
A, Mulders PF, et al. Clinical utility of the PCA3 urine assay
in European men scheduled for repeat biopsy. Eur Urol.
2008;54:1081-8. doi: 10.1016/j.eururo.2008.06.071.

Ochiai A, Okihara K, Kamoi K, lwata T, Kawauchi A, Miki T,
et al. Prostate cancer gene 3 urine assay for prostate cancer
in Japanese men undergoing prostate biopsy. Int J Urol.
2011;18:200-5. doi: 10.1111/j.1442-2042.2010.02711 .x.
Wang FB, Chen R, Ren SC, Shi XL, Zhu YS, Zhang W, et al.
Prostate cancer antigen 3 moderately improves diagnostic
accuracy in Chinese patients undergoing first prostate
biopsy. Asian ] Androl. 2017;19:238-43. doi: 10.4103/1008-
682X.167715.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

mRNA-PCAS3 for prostate cancer diagnosis

Bradley LA, Palomaki GE, Gutman S, Samson D, Aronson N.
Comparative effectiveness review: prostate cancer antigen 3
testing for the diagnosis and management of prostate cancer. J
Urol. 2013;190:389-98. doi: 10.1016/j.juro.2013.02.005.
Marks LS, FradetY, Deras IL, Blase A, Mathis J, Aubin SM, et
al. PCA3 molecular urine assay for prostate cancer in men
undergoing repeat biopsy. Urology. 2007;69:532-5. doi:
10.1016/j.urology.2006.12.014

Perez-Rambla C, Puchades-Carrasco L, Garcia-Flores M,
Rubio-Briones ], Lopez-Guerrero JA, Pineda-Lucena A. Non-
invasive urinary metabolomic profiling discriminates prostate
cancer from benign prostatic hyperplasia. Metabolomics.
2017;13:52. doi: 10.1007/s11306-017-1194-y.

Erdogan A, Polat S, Keskin E, Turan A. Is prostate volume
better than PSA density and free/total PSA ratio in
predicting prostate cancer in patients with PSA 2.5-10 ng/
mL and 10.1-30ng/mL? Aging Male. 2020;23:59-65. doi:
10.1080/13685538.2019.1578741.

Zor M, Kaya E, Bedir S. Contribution of prostate-specific
antigen density in the prediction of prostate cancer: Does
prostate volume matter? Gulhane Med J. 2018;60: 14-18. doi:
10.26657/gulhane.00010.

Kasivisvanathan V, Rannikko A, Borghi M, Panebianco V,
Mynderse L, Vaarala M, et al. A multicentre randomised
controlled trial assessing whether MRI-targeted biopsy
is non-inferior to standard transrectal ultrasound guided
biopsy for the diagnosis of clinically significant prostate
cancer in men without prior biopsy: a study protocol. ] Urol.
2018;199:e1033-e. doi: 10.1016/j.juro.2018.02.2603.
Salagierski M, Schalken JA. Molecular diagnosis of prostate
cancer: PCA3 and TMPRSS2:ERG gene fusion. ] Urol.
2012;187:795-801. doi: 10.1016/j.juro.2011.10.133

Sidaway P. Urinary PCA3 and TMPRSS2: ERG reduce the need
for repeat biopsy. Nat Rev Urol. 2015;12:536. doi: 10.1038/
nrurol.2015.221.

Long-Ya L DGW, Jun HE, Jian-Quan H, Jian-Nong C, Jin-Xian
PU. Gene expression of PCA3 in peripheral blood and urine
and the significance of urine PCA3 score indiagnosis of
prostate cancer. Chinese J Urol. 2012;33:278-81.

Li M, Zhou D, Zhang W, Gao S, Zhou X. Urine PCA3 mRNA
level in diagnostic of prostate cancer. ] Cancer Res Ther.
2018;14:864. doi: 10.4103/jcrtJCRT_734_17.

Groskopf J, Aubin SM, Deras IL, Blase A, Bodrug S, Clark C,
et al. APTIMA PCA3 molecular urine test: development of a
method to aid in the diagnosis of prostate cancer. Clin Chem.
2006;52:1089-95. doi: 10.1373/clinchem.2005.063289.
Deras IL, Aubin SM, Blase A, Day JR, Koo S, Partin AW, et
al. PCA3: a molecular urine assay for predicting prostate
biopsy outcome. J Urol. 2008;179:1587-92. doi: 10.1016/j.
juro.2007.11.038.

van Gils MP, Cornel EB, Hessels D, Peelen WP, Witjes JA,
Mulders PF, et al. Molecular PCA3 diagnostics on prostatic
fluid. Prostate. 2007;67:881-7. doi: 10.1002/pros.20564.
Adam A, Engelbrecht MJ, Bornman MS, Manda SO, Moshokoa
E, Feilat RA. The role of the PCA3 assay in predicting
prostate biopsy outcome in a South African setting. BJU Int.
2011;108:1728-33.

Immunopathologia Persa Volume 8, Issue 2, 2022 | 5



