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Abstract: Background: To improve the prediction of prostate cancer (PCA) risk and pathological type of PCA by non-
invasive approaches before performing prostatic biopsy are the current challenges for the management of PCA. The 
aim of this present study was evaluate the clinical validity of prostate cancer associated 3 (PCA3) gene in the pre-
diction of PCA and the correlations between the PCA3 level and prognostic factors. Methods: A total of 207 patients 
with suspected prostate cancer in Ningbo No. 2 hospital between June 2012 and July 2014 were enrolled in this 
study. All patients included underwent prostate biopsy under the direction of digital rectal examination (DRE) and 
were divided into PCA group and no evidence of malignancy (NEM) group according to the pathological diagnosis. 
We analyzed the association between PCA3 score and indicators of prognosis (Gleason score, percentage of posi-
tive cores and clinical stage) by multivariate analysis. Results: The levels of total prostate-specific antigen (t-PSA), 
prostate health index (PHI) and PCA3 score in patients with PCA were significantly higher than those in NEM group 
(P<0.05). In PCA group, PHI value and t-PSA were both factors significantly correlated with high Gleason score and 
clinical stage (P<0.05). A high PCA3 score in urine was significantly correlated with a high Gleason score, % positive 
cores and an advanced clinical stage (P<0.05). Conclusion: PCA3 score might be one of useful diagnostic tools for 
determining suitable therapeutic programs for PCa and predicting the prognosis.
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Introduction

Prostate cancer (PCA) is one of the most fre-
quent internal cancers and most frequent 
cause of cancer-related deaths among men 
worldwide [1]. It is illustrated that PCA has been 
an important public health problem worldwide. 
The etiology of PCA still remains unclear and it 
is multi factorial including genetic, environmen-
tal and dietary causes [2]. Intensive treatment 
is necessary for the prevention of castration-
resistant prostate cancer development, so to 
predict the PCA behavior is very important. The 
clinical stage and pathological grade can 
strongly predict the aggressiveness of PCA, 
however, sensitive and effective molecular 
markers remain unidentified. The prostate-spe-
cific antigen (PSA) has been widely used as 
screening marker for PCA with debates [3]. 
Published data indicate that serum PSA level 
remains significant predictive factor for men 
with increased risk for PCA in clinical [4]. 
However, serum PSA can’t be the standard first-

line test because it lacks a lowermost cut-point 
and has a continuum of PCA risk with increasing 
values [5]. PSA is identified to be not an exclu-
sive PCA-specific but an organ-specific marker 
[6] with a low predictive value of 24% and 37% 
reported by two extensive multicenter studies 
[7, 8]. The abnormality of serum PSA level and/
or digital rectal examination (DRE) usually 
requires prostatic biopsy to detect PCA. As a 
consequence of no effective and sensitive pre-
dictive markers, a lot of expensive and unnec-
essary prostate biopsies were suggested for 
patients with possible interventional complica-
tions [9]. Therefore, to improve the prediction of 
PCA risk and pathological type of PCA by non-
invasive approaches before performing pros-
tatic biopsy are the current challenges for the 
management of PCA. In recent years, numerous 
approaches including sophisticated imaging 
techniques, different PSA derivatives (e.g. pros-
tate health index, Phi) and novel biomarkers 
have been suggested for the challenges [10]. 
Recently micro RNAs (miRNAs) in serum and 
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urine of patients with PCA have attracted 
numerous attentions as potential markers [11, 
12]. The long non-coding RNA prostate cancer 
associated 3 (PCA3) gene test in urine is widely 
used as a promising predictive tool for PCA [13]. 
However, due to the limitations of different 
study designs including the sample size, refer-
ence standard test and statistical analysis, the 
study about the role of PCA3 in PCA area are 
with conflicting results [14, 15]. The aim of this 
present study was evaluate the clinical validity 
of PCA3 in the prediction of PCA and the corre-
lations between the PCA3 level and prognostic 
factors. 

Material and methods 

Patients

This study was approved by the Medical 
Institutional Ethics Committee of Zhejiang prov-
ince. A total of 207 patients with suspected 
prostate cancer underwent prostate biopsy for 
pathological diagnosis in Ningbo No. 2 hospital 
between June 2012 and July 2014 were 
enrolled in this study. Blood samples were col-
lected and handled before digital-rectal exami-
nation (DRE) and biopsy as described previous-
ly [16]. Urine samples were collected before 
prostate biopsy and following a standardized 
DRE with three strokes per lobe from patients 
included who were suspected for PCA and 
received 8-12 core biopsies as described by 
Groskopf et al. previously [17]. Afterwards, the 
urine samples were immediately stored in a 
Progensa urine specimen transport kit for the 
measurement of PCA3 mRNA. Patients includ-
ed were divided into two groups according to 
the biopsy results, PCA group (patients diag-
nosed with PCA, n=94) and NEM group (patients 
with no evidence of malignancy, n=113).

Histopathology

A central pathologist was invited to review all 
the prostate biopsy samples included. The 
Gleason classification system was used for the 
performance of pathological grading. The cen-
tral pathologist was always blinded to the 
patients’ serum or prostate androgen measure-
ments while making histological diagnoses.

PCA3 score measurement

All PCA3 mRNA measurements were carried out 
by Progensa PCA3 assay (Gen-Probe Inc., San 

Diego, CA, USA) in accordance with the manu-
facturer’s protocols. In brief, the exfoliated 
prostate cells in urine samples collected before 
prostate biopsy were used to extract the PCA3 
mRNAs. Afterwards, DNA probes tagged with a 
chemiluminescent substance were used for the 
amplification and hybridization of extracted 
PCA3. The hybridized number of PCA3 and PSA 
mRNA copies counting were performed by using 
a luminometer and PCA3 score was calculated 
as PCA3/PSA mRNA ×1000. 

Other analytical methods

As described previously [16], the measure-
ments of serum total PSA (t-PSA), free PSA 
(f-PSA), and [-2] pro-PSA (Beckman-Coulter, 
Brea, CA, USA) were performed. PHI value was 
calculated according to the formula [-2] pro-
PSA/f-PSA×√t-PSA [18]. PHI value and PCA3 
score are both FDA-approved approaches in the 
diagnosis of PCA.

Statistical analysis

SPSS 19.0 (SPSS, Inc.) statistical software was 
used in this study for statistical analysis. Data 
are presented as number (n) and percentage 
(%), or mean ± standard error (SD). Chi-square 
test and Mann-Whitney U-test are used for the 
statistical analysis. Multivariate analyses using 
a logistic regression model was used for the 
analysis of relationships between PCA3 score 
and prognostic factors including Gleason score, 
clinical stage, and % positive cores. Each statis-
tical test was two-sided and P<0.05 was 
accepted as statistically significant.

Results

Patient and sample characteristics

The 207 patients who underwent prostate biop-
sy for pathological diagnosis were included, 
with 94 in PCA group and 113 in NEM group. 
The clinical and pathologic characteristics of 
the patients included are detailed summarized 
in Table 1. % fPSA and tPSA, as the convention-
al serum markers were detected and analyzed 
as usual. In addition, some other most promis-
ing non-invasive markers for PCA reported 
recently (such as serum parameter PHI, PCA3 
score in urine and prostate volume) were also 
included in our present study with purposes of 
meaningful comparison. The results showed 
that the levels of t-PSA, PHI value and PCA3 
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score in patients with PCA were significantly 
higher than those in NEM group (P<0.05). 
Furthermore, patients in PCA group were with 
significant lower prostate volume in compari-
son with NEM group (P<0.05). Other indexes 
including age, history of chronic prostatitis, 

value and PCA3 score are shown in Table 3. The 
results of multivariate analysis by logistic 
regression identified that high levels of serum 
t-PSA (hazard ratio [HR]: 1.020, P=0.012), PHI 
value (HR: 1.008, P=0.023) and PCA3 score 
(HR: 0.715, P=0.016) were factors significantly 
correlated with high Gleason score.

Correlation of clinical factors to % cancer-
positive cores

The high level of PCA3 score in urine (HR: 
0.881, P=0.009) was statistically correlated 
with the high % cancer-positive cores (Table 4). 
While no significant correlations between t-PSA, 
age, prostate volume and PHI value with % can-
cer-positive cores were observed (P>0.05).

Correlation of clinical factors to clinical stage

As shown in Table 5, high levels of serum t-PSA 
(HR: 1.014, P=0.023), PHI value (HR: 1.033, 
P=0.034) and PCA3 score (HR: 1.709, P=0.011) 
in urine were significantly related to advanced 
clinical stage.

Discussion

The therapeutic strategies to localized PCA 
including active surveillance or focal therapy 
were affected by preoperative anticipation of 
histological prognostic features. The best ther-
apeutic goal of PCA should be the maximization 
of oncologic and functional outcomes [19]. By 
using inaccurate tools currently, some patients 
with low-risk PCA might undergo inappropriate 

Table 1. Clinic characteristics of the patients included
PCa group (n=94) NEM group (n=113) P-value

Age (years) 63 (54-77) 65 (49-78) 0.395
History of chronic prostatitis 14 (14.89%) 12 (10.62%) 0.248
Family history of cancer 4 (4.26%) 3 (2.65%) 0.526
t-PSA (ng/mL) 12.6 (6.4-42.5) 7.6 (5.60-35.5) 0.009*
% fPSA 16.4 (3.3-29.7) 17.7 (6.3-37.9) 0.068
PHI value 57.8 (22.8-256) 33.8 (17.6-124) 0.018*
Prostate volume (cm3) 47.2 (19.1-118.2) 56.4 (20.4-122.1) 0.023*
DRE, n (%)
    Positive 30 (31.91%) 23 (20.35%)
    Negative 64 (68.09%) 90 (79.65%) 0.258
PCA3 score 35.6 (14.2-212) 19.4 (6.5-145) 0.014*
PCa, prostate cancer; NEM, no evidence of malignancy; t-PSA, total prostate-specific 
antigen; fPSA, free prostate-specific antigen; PHI, prostate health index; DRE, digital-
rectal examination; PCA3, prostate cancer associated 3. *P<0.05 by Mann-Whitney 
U-test or Fisher exact test.

Table 2. Pathologic characteristics of patients 
with PCA
No. of patients PCa group (n=94)
Age (years) 63 (54-77)
t-PSA (ng/mL) 12.6 (6.4-42.5)
Prostate volume (cm3) 47.2 (19.1-118.2)
PHI value 57.8 (22.8-256)
PCA3 score 35.6 (14.2-212)
PCA3 score
    <15 9 (9.6%)
    15-35 15 (16.0%)
    35-70 30 (31.9%)
    >70 40 (42.5%)
Gleason score
    ≤7 62 (66.0%)
    ≥8 32 (34.0%)
% Positive core
    <30% 70 (74.5%)
    ≥30% 24 (25.5%)
Clinical stage
    ≤III 78 (83.0%)
    ≥IV 16 (17.0%)
PCa, prostate cancer; t-PSA, total prostate-specific anti-
gen; PHI, prostate health index; PCA3, prostate cancer 
associated 3.

family history of cancer and 
positive rate of DRE did not 
statistically differ between 
the patients in two groups 
(P>0.05). As shown in Table 
2, the pathologic character-
istics of 94 patients IN PCA 
group were with a median 
PCA3 score of 35.6, t-PSA 
of 12.6 ng/mL and pros-
tate volume of 47.2 cm3.

Correlation of clinical fac-
tors to Gleason score in 
patients with PCA

The relationships between 
Gleason score and clinical 
factors including age, t- 
PSA, prostate volume, PHI 
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treatment. Therefore, efforts should be made 
to help clinicians determine PCA pathological 
characteristics by finding new preoperative bio-
markers. PSA is one of the most used biomark-
ers for the diagnosis and treatment of PCA, 
however, PSA has also been demonstrated sig-
nificantly increased in patients with the pres-
ence of inflammation in >20% of prostate 
glands [20]. Serum PSA levels could be sud-
denly and markedly increased by the stimula-
tion of acute and chronic prostatitis along with 
the trauma of biopsy or cystoscopy [21, 22]. 
The cellular integrity might be altered by mild or 

moderate inflammation, and then the leakage 
of PSA into the serum is followed. Histological 
inflammation and an elevated level of serum 
PSA were commonly found among asymptom-
atic men, and prostate biopsy is always sug-
gested. As a result, overdiagnosis and over-
treatment are probably unavoidable. Recently, 
several studies have suggested that PHI might 
be one of the valid tools for discriminating PCA 
from other prostate diseases [23]. PHI was sug-
gested as one of the strongest predictors of 
PCA with a better accuracy than the usual tests 
(such as tPSA, %PSA and PSA density) at initial 

Table 3. Correlation between Gleason score and clinical factors
Gleason score

Parameter ≥8 ≤7 HR 95% CI P value
NO. of patients 62 32 - - -
Age (years) 60 (57-74) 65 (54-77) 1.048 0.992-1.104 0.084
t-PSA (ng/mL) 25.9 (18.4-42.5) 8.3 (6.4-19.7) 1.020 1.008-1.035 0.012*
Prostate volume (cm3) 44.8 (19.1-101.3) 48.5 (23.4-118.2) 0.989 0.958-1.016 0.358
PHI value 65.2 (33.1-201.4) 45.1 (22.8-256) 1.008 0.989-1.023 0.023*
PCA3 score 54.4 (33.1-212) 27.8 (14.2-186.3) 0.715 0.533-0.928 0.016*
t-PSA, total prostate-specific antigen; PHI, prostate health index; PCA3, prostate cancer associated 3; HR, Hazard ratio; CI, 
confidence interval. *Multivariate analysis by logistic regression, P<0.05.

Table 4. Correlation between % positive core and clinical factors
% Positive core

Parameter ≥30% <30% HR 95% CI P value
NO. of patients 24 70 - - -
Age (years) 66 (56-77) 60 (54-70) 1.057 0.984-1.114 0.154
t-PSA (ng/mL) 24.5 (10.8-42.5) 18.9 (6.4-36.5) 1.023 1.010-1.127 0.143
Prostate volume (cm3) 43.6 (19.1-99.8) 49.4 (25.1-118.2) 0.978 0.949-1.002 0.176
PHI value 53.9 (22.8-225.1) 60.3 (30.6-256) 0.772 0.571-1.068 0.134
PCA3 score 48.8 (28.3-212) 28.1 (14.2-195.6) 0.881 0.811-0.959 0.009*
t-PSA, total prostate-specific antigen; PHI, prostate health index; PCA3, prostate cancer associated 3; HR, Hazard ratio; CI, 
confidence interval. *Multivariate analysis by logistic regression, P<0.05.

Table 5. Correlation between clinical stage and clinical factors
Clinical stage

Parameter ≥IV ≤III HR 95% CI P value
NO. of patients 16 78 - - -
Age (years) 59 (54-70) 67 (57-77) 1.041 0.969-1.142 0.285
t-PSA (ng/mL) 30.1 (11.4-42.5) 7.7 (6.4-23.5) 1.014 1.006-1.014 0.023*
Prostate volume (cm3) 43.0 (19.1-113.7) 49.8 (20.2-118.2) 1.027 0.993-1.055 0.063
PHI value 64.5 (35.3-256) 46.0 (22.8-189.2) 1.033 1.013-1.028 0.034*
PCA3 score 45.8 (25.3-212) 26.9 (14.2-176.7) 1.709 1.218-2.298 0.011*
t-PSA, total prostate-specific antigen; PHI, prostate health index; PCA3, prostate cancer associated 3; HR, Hazard ratio; CI, 
confidence interval. *Multivariate analysis by logistic regression, P<0.05.
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and repeat biopsy [24]. PHI value could also be 
used to discriminate PCA from chronic histo-
logical prostatic inflammation, but no signifi-
cance was found between patients with chronic 
prostatitis and benign prostatic hyperplasia 
(BPH) [23].

Recent studies have introduced the PCA3 
assay test as the potential candidates for pros-
tate biopsy [25]. As a result of gross over 
expression of the gene by cancer cells, PCA3 
has a good specificity for PCA at the cellular 
level. The over expression of PCA3 is observed 
in up to 95% of PCA patients and PCA3 canbe 
expressed 60-100 times higher in cancerous 
tissues than noncancerous tissues [26, 27]. 
Researchers suggest the PCA3 score as a valid 
biomarker for the discrimination of patients 
with PCa or chronic prostatitis/BPH with raised 
PSA [28]. Vlaeminck-Guillen et al. reported that 
the increased PCA3 score was not correlated 
with chronic prostatitis/BPH but with the 
increased incidence of PCa, which offered a 
suggestion for performing a biopsy [29]. The 
correlation between PCA3 and pathologic PCA 
characteristics has attracted numerous atten-
tions, however the evidence reported by differ-
ent groups are with conflicting results [24, 30].

In this present study, we aimed at investigating 
the roles of different biomarkers including 
t-PSA, % fPSA and PHI in the anticipation of his-
tological prognostic features. We also evaluat-
ed PCA3 score by using a reference standard 
test, the FDA-approved PCA3 Progensa test as 
suggested by the Standards for Reporting of 
Diagnostic Accuracy (STARD) guidelines [31]. 
Furthermore, it is a typical example to translate 
a tissue-based over expressed biomarker to a 
promising urinary marker supporting the diag-
nosis in clinical practice [17]. As shown by the 
results, the median levels of t-PSA, PHI value, 
prostate volume and PCA3 score differed sig-
nificantly in patients with PCa versus those with 
no evidence of malignancy by prostate biopsy. 
Then we analyzed the relationship between 
these indexes and indicators of prognosis 
(Gleason score, % positive cores and clinical 
stage) using multivariate analysis by logistic 
regression. PHI value and t-PSA were both fac-
tors significantly correlated with high Gleason 
score and clinical stage. However, no statistical 
significance was observed between levels of 
PHI or t-PSA with % cancer-positive cores. As for 
PCA3 score, it was significantly related to all the 

three indicators of prognosis. Recently, studies 
have shown that PHI varied significantly in 
patients with prostatitis versus BPH, while 
PCA3 score could be a main determinant for 
prostatitis versus high-grade prostatic intraepi-
thelial neoplasia (HG-PIN). PCA3 score was also 
significantly lower in patients with HG-PIN ver-
sus PCA [24].

In conclusion, our results confirmed that a high 
PCA3 score in urine has a close correlation with 
indicators of poor prognosis, including a high 
Gleason score, a high % positive cores and an 
advanced clinical stage. We concluded that 
PCA3 score measured by PCA3 Progensa test 
might be suggested as a useful prognostic fac-
tor. Taking the significant association between 
PCA3 score and Gleason score, % positive biop-
sy cores and clinical stage into consideration, 
PCA3 might be one of useful diagnostic tools 
for determining suitable therapeutic programs 
for PCA and predicting the prognosis. However, 
to confirm the validity of PCA3 score as a prog-
nostic marker, further studies with more 
patients and longer follow-ups in the future are 
warranted.
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