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Two diagnostic models of prostate cancer (PCa) and clinically significant prostate cancer (CS-PCa) were estab-
lished using clinical data of among patients whose prostate-specific antigen (PSA) levels are in the gray area
(4.0-10.0 ng/ml).

Data from 181 patients whose PSA levels were in the gray area were retrospectively analyzed, and the fol-
lowing data were collected: age, digital rectal examination, total PSA, PSA density (PSAD), free/total PSA (f/t
PSA), transrectal ultrasound, multiparametric magnetic resonance imaging (mpMRI), and pathological reports.
Patients were diagnosed with benign prostatic hyperplasia (BPH) and PCa by pathology reports, and PCa pa-
tients were separated into non-clinically significant PCa (NCS-PCa) and CS-PCa by Gleason score. Afterward,
predictor models constructed by above parameters were researched to diagnose PCa and CS-PCa, respectively.
According to the analysis of included clinical data, there were 109 patients with BPH, 44 patients with NCS-PCa,
and 28 patients with CS-PCa. Regression analysis showed PCa was correlated with f/t PSA, PSAD, and mpM-
RI (P<0.01), and CS-PCa was correlated with PSAD and mpMRI (P<0.01). The area under the receiver operating
characteristic curves of 2 models for PCa (sensitivity=73.64%, specificity=64.23%) and for CS-PCa (sensitivi-
ty=71.41%, specificity=81.82%) were 0.79 and 0.87, respectively.

The prediction models had satisfactory diagnostic value for PCa and CS-PCa among patients with PSA in the
gray area, and use of these models may help reduce overdiagnosis.
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Background
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Material and Methods

Prostatic cancer (PCa) is a common malignant tumor of the
male urinary system, the morbidity of which ranks fifth in
overall global malignancies [1]. In China, the incidence rate of
PCa is lower than that in Western countries[2]. However, with
the change of lifestyle and the prolongation of life expectan-
¢y, the incidence rate of PCa has been increasing rapidly [2].
Epidemiological surveys showed the incidence rate of PCa in
2014 was nearly 1.5 times higher than that in 2012 (6.10/10
000 vs 4.39/10 000), ranking sixth in male cancer mortality [3,4].

The major prognostic benefit of PCa is early diagnosis and
hence treatment [5]. Prostate-specific antigen (PSA) as a se-
rum marker is the usual diagnostic method for biopsy-driven
PCa. In the European Association of Urology Guidelines, the
higher levels of PSA indicate likelihood of PCa [6]. However,
PSA levels between 4.0 ng/ml and 10.0 ng/ml are often called
the “gray area”, within which it is controversial to diagnose
PCa [7]. According to a survey, when PSA level is within this
range, the positive rate of prostate biopsy was only 15.9% to
26.0%, so it is often necessary to combine it with other clini-
cal parameters to improve the detection rate [8].

Traditionally, the digital rectal examination (DRE), which is
based on the perceived diversities in the stiffness of normal
prostatic tissue and neoplasm, is always used as a primary
method for detecting PCa [5]. Total PSA (tPSA) is a commonly
used diagnostic indicator in prostatic disease, whose derivates,
including free PSA (fPSA), PSA density (PSAD), and free/total
PSA (f/t PSA), have reference value for PCa with the PSA in
the gray area. Huang et al reported the summary sensitivity of
fPSA was 70% in patients with PSA in the gray area [9]. In ad-
dition, another 2 studies indicated the indication for prostate
biopsy is that f/t PSA is <15% and PSAD is »0.15 ng/ml[10,11].

TRUS is a commonly used imaging method in clinical practice,
and it is non-invasive and simple. Some scholars pointed out
that the sensitivity and specificity of transrectal ultrasound
(TRUS) measurements in diagnosing the PCa were 17% to 57%
and 40% to 63%, respectively [12]. Multiparametric magnetic
resonance imaging (mpMRI) is well-established as an important
aide for diagnosis of PCa [13]. The diagnostic rate of mpMRI
for PCa was 73%, which is helpful in the staging of PCa [14].

Therefore, the diagnosis of PCa with PSA in the gray area is
not satisfactory using a single diagnostic mode. The present
study aimed to improve the diagnostic rate of PCa with PSA
in the gray area by analyzing the comprehensive clinical pa-
rameters, including age, DRE, tPSA, f/t PSA, PSAD, TRUS, mpM-
Rl, and construct modes, based on the significant parameters.

Patients

This retrospective research was approved by the Ethics Review
Board of the First Affiliated Hospital of Medical College of
Shihezi University (No. 2019-123-01), with waiver of patient
consent. There were 1243 patients who underwent prostate
biopsy from August 2013 to October 2019 at the First Affiliated
Hospital of Medical College, Shihezi University. Inclusion crite-
ria were: 1) patient accepted prostate biopsy and pathology re-
ports could be consulted; and 2) patient had complete electron-
ic patient records and clinical data, including age, DRE, tPSA,
f/t PSA, PSAD, TRUS, and mpMRI. The exclusion criterion was
patients with contraindications for prostate biopsy. Of these
patients, 181 (11.73%) had PSA levels between 4.0 ng/ml and
10.0 ng/ml, and all patients had either benign prostatic hyper-
plasia (BPH) or PCa. The collected medical records were divid-
ed into a BPH group and a PCa group according to pathology
results. The patients in the PCa group were divided into a clin-
ically significant PCa (CS-PCa) group and a non-clinically sig-
nificant PCa (NCS-PCa) group by Gleason score (GS) modified
2005 International Society of Urological Pathology (ISUP) [15].
The PCa patients with GS <7 were assigned to the NCS-PCa
group, while other patients were assigned to the CS-PCa group.

Equipment and Methods

Clinical parameters of all enrolled patients were collected, in-
cluding age at diagnosis and treatment, DRE, serum tPSA, f/t
PSA, PSAD, TRUS, and mpMRI in the medical records system.
DRE was performed by a deputy senior urologist. The tPSA
and f/t PSA was collected by immunofluorescence assay. From
ultrasound prostate scanning reports, we collected data on
prostatic volume (PV) using the exact prolate ellipsoid formu-
la (PV=anteroposterior diameterxleft-right diameterxvertical
diameterxmn/6), then PSAD was calculated by tPSA/PV [16].

All mpMRI of prostate examinations were performed with a
Discovery MR 750 3.0-tesla (General Electric Medical Systems,
Wisconsin, USA). The T1-weighted (T1WI), T2-weighted (T2WI),
diffusion-weighted imaging (DWI), and dynamic contrast-en-
hanced (DCE) perfusion imaging were obtained, as described
previously. The parameters of diffusion sequences were the
following: (1) Tri-plane positioning scanning: T2 Single Shot
Fast Spin Echo (SS FSE) included Echo Time (TE)=80 ms,
Repetition Time (TR)=1140 ms, matrix=384x160, Field of View
(FOV)=48x48 cm, and depth: 5 mm. (2) FSE was used in axial
view T2WI, including TR=10 270 ms, TE=65 ms, depth=3 mm,
FOV=40x40 cm, matrix=384x384, and the number of excita-
tions (NEX)=2. (3) FSE was used in axial view T1WI, includ-
ing TR=607 ms, TE=13 ms, depth=5 mm, FOV=40x40 cm, ma-
trix=286x320, and NEX=1. (4) SE echo-planar imaging and the
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Parallel acquisition were used in the Diffusion Tensor Imaging
(DTI), including TR=4600 ms, TE=89 ms, FOV=250x250 mm,
matrix =220x240, depth=3 mm, the number of the diffusion
sensitive gradient directions=5, the diffusion weighting co-
efficient=800 s/mm?, and NEX=2. (5) Liver Acquisition with
Volume Acceleration (LAVA) was used in DCE scanning, whose
parameters included TR=4600 ms, TE=89 ms, FOV=250x250
mm, matrix=220x240, and depth=3 mm. The images of mpM-
Rl were diagnosed by 2 experienced radiologists, one of whom
was above the deputy senior level, in MRI diagnosis. The di-
agnostic results of DRE were shown as “positive” and “nega-
tive”. The results of TRUS and mpMRI for detecting PCa had 3

» o«

types: “positive”, “suspicious”, and “negative”.

The criterion standard for diagnosing enrolled patients was
TRUS-guided 12-point systematic prostate biopsy, and the di-
agnosis of specimens was performed using GS. The pathology
was diagnosed by an experienced pathologist, who was not
aware of clinical information about these patients.

Statistical Analyses

SPSS version 21.0 (IBM, Armonk, NY, USA) and MedCalc version
15.2 (MedCalc Software, Ltd, Acacialaan 22, Ostend, Belgium)
were used for statistical analysis. For normally distributed con-
tinuous variables, means and standard deviations are used in
descriptive analysis, and the 2-sample t test or separate vari-
ance estimation t test was used to analyze differences be-
tween groups. Ranked data were described by median and in-
terquartile range (IQR) and analyzed by Mann-Whitney U test.
Enumeration data are expressed by rate and percentage and
were analyzed with the chi-Square test or continuity correction
test. The analysis of correlations between measurement data
and enumeration data was performed using the Spearman cor-
relation test. Binary logistic regression with forward stepwise
analysis was performed to predict PCa and CS-PCa. We assessed
the differences among each clinical parameter and model ac-
cording to the area under the curve (AUC) from the summary
receiver operating characteristic (ROC) curve. Differences with
2-tailed P values <0.05 were regarded as statistically significant.

Results

After applying inclusion and exclusion criteria, a total of 181
eligible patients were included. All patients had clear clinical
examination reports and pathological results. In these patients,
the median age, tPSA, f/t PSA, and PSAD were 75.00 years
(IQR: 68.00, 78.00), (7.05+1.40) ng/ml, 0.17 (IQR: 0.11, 0.25),
and 0.16 ng/ml-cm? (IQR: 0.09, 0.22), respectively. According
to pathological diagnosis, 109 patients were assigned to the
BPH group and 72 patients were assigned to the PCa group.
In these PCa patients, 44 patients with GS <7 were assigned

CLINICAL RESEARCH

to the NCS-PCa group, while 28 patients with GS >7 were as-
signed to the CS-PCa group.

Characteristics of Clinical Parameters of Enrolled Patients

The characteristics of included patients are shown in Table 1.
Comparing the BPH group with the PCa group, clinical param-
eters consisted of f/t PSA (0.21+0.12 vs 0.15+0.06; P<0.01),
PSAD (0.14 ng/ml-cm3, IQR: 0.07, 0.19 vs 0.19 ng/ml-cm~, IQR:
0.12, 0.25; P<0.01) and mpMRI (P<0.01) had statistically sig-
nificant differences, while age (74.00 years, IQR: 66.00-77.00
vs 76.00 years, IQR: 69.00-79.00; P=0.07), tPSA (6.91+1.35
ng/ml vs 7.25+1.47 ng/ml; P=0.12), DRE (P=0.09), and TRUS
(P=0.72) results did not have significant differences. The PSAD
(0.15+0.08 ng/ml-cm? vs 0.24+0.05 ng/ml-cm? P<0.01) and
mpMRI (P=0.01) results were significantly different between
the NCS-PCa group and CS-PCa group. Conversely, the differ-
ences for age (76.00 years, IQR: 69.00-78.00 vs 75.50 years,
IQR: 66.50-79.00; P=0.86), tPSA (7.14+1.64 ng/mlvs 7.42+1.18
ng/ml; P=0.44), f/t PSA (0.14+0.07 vs 0.15+0.04; P=0.57), DRE
(P=0.53), and TRUS (P=0.82) were not significant between the
NCS-PCa group and CS-PCa group.

In correlation analysis, the pathology and mpMRI had a mod-
erate correlation (r=0.36, P<0.01) between the BPH group and
PCa group, while there was no correlation between other fac-
tors. Between the NCS-PCa group and CS-PCa group, pathol-
ogy results were moderately correlated with PSAD (r=0.56,
P<0.01) and MRI (r=0.31, P<0.01), respectively.

Verifying the Diagnostic Value of Clinical Parameters by
Using Univariate and Multivariate Logistic Regression
Analyses in Predicting BPH vs PCa

In univariate analysis, the risk of PCa was positively correlat-
ed with log-transformed PSAD (OR=2.52, 95% Cl: 1.53-4.15,
P<0.01) and mpMRI (P<0.01) classification, and was negative-
ly correlated with f/t PSA (OR=0.01, 95% Cl: 0.00-0.06, P<0.01)
(Table 2). In analysis of diagnostic value, the univariate param-
eters including f/t PSA (AUC=0.68, 95% Cl: 0.61-0.75, P<0.01),
PSAD (AUC=0.68, 95% Cl: 0.62-0.75, P<0.01), and grade of mpM-
RI (AUC=0.69, 95% Cl: 0.62-0.77, P<0.01) had predictive abil-
ity, and log-transformed PSAD (AUC=0.82, 95% Cl: 0.76-0.87,
P<0.01) showed the best predictive power for PCa (Table 3).

In binary logistic regression analysis with stepwise regression,
f/t PSA (P<0.01), log-transformed PSAD (P<0.01), and grade of
mpMRI (P<0.01) were brought into the prediction model. Finally,
the logistic model (AUC=0.79, 95% Cl: 0.73-0.84, P<0.01) for
predicting PCa was significantly better than other clinical pa-
rameters, and it also had good sensitivity (73.64%) and spec-
ificity (64.23%) when its cut-off value was »0.36 (Figure 1).
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Table 1. Characteristics of clinical information for enrolled patient.

All enrolled patients Patients
Parameter BPH group PCa group NCS-PCa group CS-PCa group
(n=109) (n=72) (n=44) (n=28)

Age (years) (66.(:(‘)1,.3(;.00) (69.(?(?,.(;(;.00) 0.07% (69.(3(?,‘(;(;.00) (66.57(;'57(;.00) 0-86°
CtPSA(ng/m) 691135 7254147 012  7.4rl64 7424118 044>
CfapsA 021:0.12  015:006  <001°  014£007 0.15:004  057°
CPSAD (ng/miem) 014(007,019) 019(0.12,025) <001°  015:008 0242005 <001
"""""""""""""""""" Postve 3 (75 7 97 3 (68) 4 (1429

DRE|[INO: (G e s o et R e e R e e e 0.53

Negative 106 (97.25) 65 (90.28) 41 (93.18) 24 (85.71)
"""""""""""""""""" Positve 21 (1927) 14 (1944 8 (1818) 6 (143
TRUS[No. (%)*  Suspicious 38 (3486) 29 (40.28) 072 17 (3864) 12 (4286) 082

Negative 50 (4587) 29 (4028) 19 (4318 10 (3571)
"""""""""""""""""" Positve 16 (1467) 29 (4028) 11 (2500) 15 (5357)
mPMRI [No. (%) Suspicious 15 (1376) | 16 (2220 <001 10 (273 8 (2857 001
Negatve 78 (7157) 27 (37.50) 23 (5227) 5 (17.86)

PCa — prostate cancer; NCS-PCa — nonclinically significant prostate cancer; CS-PCa — clinically significant prostate cancer;

PSA — prostate-specific antigen; tPSA — total PSA; f/t PSA — free/total PSA; PSAD — PSA density; DRE — digital rectal examination;
TRUS - transrectal ultrasound; mpMRI — multiparametric magnetic resonance imaging.  These parameters were presented as median
(interquartile range) and analyzed by Mann-Whitney U test; ® These parameters were performed as means#standard deviations and
analyzed by two-sample t-test; © These parameters were performed as meanssstandard deviations and analyzed by separate variance
estimation t-test; ¢ These parameters were analyzed by Continuity Correction test; ¢ These parameters were analyzed by Chi-Square
test.

Table 2. Verifying the diagnostic value of clinical parameters by using univariate and multivariate logistic regression analyses in
predicting BPH vs PCa.

Univariable analysis Multivariable analysis

OR (95% CI) Standard error Coefficient Standard error

mpMRI (2)° 5.24 (2.47,11.10) 0.38 <0.01 1.41 0.42 4.11 (1.81,9.33) <0.01

PCa — prostate cancer; PSA — prostate-specific antigen; OR — odds ratio; Cl — confidence interval; tPSA — total PSA; f/t PSA — free/
total PSA; PSAD — PSA density; DRE — digital rectal examination; TRUS — transrectal ultrasound; mpMRI — multiparametric magnetic
resonance imaging. ‘= — Not applicable. 2 This parameter has been log-transformed; ® Negative vs Equivocal in TRUS; ¢ Equivocal vs
Suspicious in TRUS; ¢ Negative vs Equivocal in mpMRI; ¢ Equivocal vs Suspicious in mpMRI.
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Table 3. Diagnostic value of clinical parameters and logistic regression models in predicting PCa and CS-PCa.

BPH group vs PCa group

NCS-PCa group vs CS-PCa group

Parameter
value statistic
Age (years) 0.58 (0.50, 0.65) 75 1.79

A (ng/m) 056 (048,063 763 138
CfesA 068 (061,075 020 462
PSAD (ng/mlcm) 068 (062,075) 018 454
oRE 053 046,061 - 181
CTRUS o 052 (045,060) - 057
CmpMRI 069 062,077 - 487
logisticModel 079 (073,084) 036 858

value statistic

0.07 0.51 (0.39,0.63) 78 0.14 0.89
016 056 (043,067) 616 081 042
001 055 (043,068 015 072 047
001 083 (073,09) 020 720 <001
007 054 (042,066 - 096 034
056 054 (042,066 - 061 054
w01 067 054077) - 270 <001
001 087 (077,093 050 887 <001

PCa — prostate cancer; NCS-PCa — nonclinically significant prostate cancer; CS-PCa — clinically significant prostate cancer;
PSA — prostate-specific antigen; tPSA — total PSA; f/t PSA — free/total PSA; PSAD — PSA density; DRE — digital rectal examination;
TRUS - transrectal ultrasound; mpMRI — multiparametric magnetic resonance imaging; AUC — area under receiver operating

‘

characteristic curve; Cl — confidence interval. ‘= — Not applicable.

100 [~
80
z oor
Y
[ — PSAD
0 — f/tPSA
I — mpMRI
A -~ Logistic Model
o=
0 20 40 60 80 100
100-Specificity

Figure 1. The ROC curve of univariate and multivariate analysis
for predicting PCa. PSAD — prostate-specific antigen
density; f/t PSA — free/total prostate-specific antigen;
mpMRI — multiparametric magnetic resonance imaging.

Verifying the Diagnostic Value of Clinical Parameters by
Using Univariate and Multivariate Logistic Regression
Analyses in Predicting NCS-PCa and CS-PCa

The risk of CS-PCa increased with log-transformed PSAD
(OR=66.46, 95% Cl: 6.93-637.02) and grade of mpMRI (P<0.01)
in univariate analysis. In multivariate analysis, regression analy-
sis also verified the relationship between log-transformed PSAD
(OR=85.73, 95% Cl: 6.95-1058.08), mpMRI (P<0.01) classification,
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and risk of CS-PCa increasing (Table 4). In evaluating the diag-
nostic efficacy, the logistic model (AUC=0.87, 95% Cl: 0.77-0.93,
P<0.01) for predicting CS-PCa was significantly higher than the
separate mpMRI (AUC=0.67, 95% Cl: 0.54-0.77, P<0.01) (Figure 2).
When choosing cut-off value >0.50, the sensitivity and specific-
ity of the logistic model were 71.41% and 81.82%, respectively.

Discussion

PSA has a revolutionary significance for diagnosing PCa, particu-
larly in the diagnosis of early-stage asymptomatic PCa. Notably,
when PSA level is between 4 ng/ml and 10 ng/ml, the number
of patients with BPH and PCa significantly overlapped [17].

The systematic prostate biopsy usually has been considered as
the criterion standard for diagnosing PCa. Nevertheless, this
invasive method can cause psychological distress in patients
with PSA in the gray area, so it was essential to combine mul-
tiple parameters to diagnose these patients [7]. On this issue,
many scholars have tried to use regression analysis to construct
models to predict PCa. Liu et al used PSA and PSA derivatives
to build a prediction model of PCa in 197 patients with PSA
in the gray area, which predicted the sensitivity and specific-
ity of PCa to be 75.4% and 75.8%, respectively [18]. However,
that study did not consider imageology examination. Liu et al
constructed a prediction model of PCa by using PSA deriva-
tives and mpMRI, and the multivariate models performed sig-
nificantly better for detection of PCa (AUC=0.79) and CS-PCa
(AUC=0.84), but the authors did not assess the sensitivity and
specificity of these 2 regression models in the article [19].

[Chemical Abstracts/CAS]
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Table 4. Verifying the diagnostic value of clinical parameters by using univariate and multivariate logistic regression analyses in
predicting NCS-PCa and CS-PCa.

Univariable analysis

Multivariable analysis

Parameters
OR (95% CI) Standard error Coefficient  Standard error OR (95% CI)

Constant = = = 5.73 1.97 = <0.01
A 100 (094,106 003 08 - - - -
tsA 114 (082,158 013 043 - - - -
Cfapsa 025 (001,172 405 059 - - - -
CPsADT 6646 (693,637.02) 115 0ol ass 128 8573 (695 105808) <001
DRE 228 (047,1105 081 031 - - - -
CTRUS(P 134 (046,389) 054 059 - - - -
CTRUS @) 143 (039,526) 067 060 - - - -

mpMRI (2)° 4.71 (1.40, 15.87) 0.62 0.01 1.35 0.73 3.84 (0.91, 16.17) 0.04

PCa — prostate cancer; NCS-PCa — nonclinically significant prostate cancer; CS-PCa — clinically significant prostate cancer; OR — odds
ratio; Cl — confidence interval; PSA — prostate-specific antigen; tPSA — total PSA; f/t PSA — free/total PSA; PSAD — PSA density;

DRE - digital rectal examination; TRUS — transrectal ultrasound; mpMRI — multiparametric magnetic resonance imaging. ‘- — Not
applicable. 2 This parameter has been log-transformed; ® Negative vs Equivocal in TRUS; ¢ Equivocal vs Suspicious in TRUS; ¢ Negative
vs Equivocal in mpMRI; ¢ Equivocal vs Suspicious in mpMRI.

and CS-PCa. Finally, binary logistic regression analysis, log-trans-
formed PSAD, f/t PSA, and grade of mpMRI have identified the
relevance of rising of PCa, and the log-transformed PSAD and
grade of mpMRI helped identify NCS-PCa and CS-PCa. The diag-
nostic models of PCa (sensitivity=73.64%; specificity=64.23%;
AUC=0.79), and CS-PCa (sensitivity=71.41%; specificity=81.82%;
AUC=0.87) both exhibited good diagnostic utility.

100

80

(=Y
=)

Sensitivity

S
=

Nowadays, screening and detection PCa primarily depend on
DRE, tPSA, f/t PSA, PSAD, TRUS, and mpMRI. Several studies
have linked an abnormal DRE and a high GS [20,21]. However,

20 — PSAD
. — mpMRI our results did not confirm the statistical significance of this
— Logistic Model association. The China Prostate Cancer Coalition (CPCC) re-
0 L ! I L L ported that Chinese patients with PCa have the characteris-
0 20 40 60 80 100

tics of smaller PV, higher tPSA level, and higher GS score than
their counterparts in Europe and America [22]. Therefore, the
main reason why the correlation between DRE and PCa was in-
conspicuous in the present study is that the enrolled patients
were all Chinese. Whether there is racial diversity in the re-
lationship between abnormal DRE and high GS score may re-
quire large-scale and multicenter studies.

100-Specificity

Figure 2. The ROC curve of univariate and multivariate analysis
for predicting CS-PCa. PSAD — prostate-specific antigen
density; mpMRI — multiparametric magnetic resonance
imaging.

In this study, we used logistic regression to analyze not only
relevant biochemical indexes PSA including f/t PSA, PSAD, but
also some frequently-used clinical examinations such as age,
DRE, TRUS, and mpMRI. We also explored which clinical indi-
cators were more valuable in differentiating between NCS-PCa

PSA derivatives, including f/t PSA and PSAD, usually are recom-
mended to assist detection of PCa among patients with a PSA
level in the gray area in clinical practice. The free PSA (fPSA) is
the fraction of tPSA that does not bind in serum, whose con-
centration is lower in malignancy patients than in BPH patients,
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so detection of f/t PSA is most valuable for clinical applica-
tion when PSA level are in the gray area [23,24]. Our results
also show that increased f/t PSA level (OR=0.01, P<0.01) was
negatively correlated with the risk of PCa, which was different
from the results of Liu et al [19]. The unstable state of fPSA
in the serum may be the reason for the inconsistent detec-
tion results of f/t PSA, and some scholars believe that f/t PSA
may be affected by a variety of clinical factors [25]. Although
the reference value of f/t PSA is 0.15, we still suggest detect-
ing PCa by cautiously using f/t PSA.

PSAD is the ratio of tPSA concentration to PV, which offers good
guidance on whether to perform a prostate biopsy in patients
with a PSA level in the gray zone [26,27]. A previous article re-
ported PSAD value >0.15 ng/ml-cm® necessitated prostate biopsy
[28]. Our results showed PSAD was an independent clinical pa-
rameter for predicting of PCa and CS-PCa. However, the cut-off
value of PSAD in distinguish BPH from PCa was 0.18 ng/ml-cm?
in our study. The reason why the cut-off value of PSAD is high-
er than the previous reference value may also be that Chinese
patients with PCa have smaller PV and higher tPSA levels [22].

TRUS and mpMRI are both frequently used imaging exami-
nations in prostate disease. Generally, gray-scale TRUS has a
certain value in the diagnosis of BPH, but it is not reliable for
detecting PCa [6,29]. Our results also verified TRUS had little
value for detection of PCa with PSA level in the gray area, while
mpMRI including TIWI, T2WI, DWI, and DCE technologies was
confirmed to have a perfect diagnostic value, which was sim-
ilar to other studies [30-32]. Liu et al just reported the AUCs
of mpMRI for PCa and CS-PCa were 0.69 and 0.79, respective-
ly [19]. In our study, the sensitivities of mpMRI for predicting
PCa and CS-PCa were 0.63 and 0.82, respectively, which is simi-
lar to the results of other scholars. Notably, the Prostate Imaging
Reporting and Data System (PI-RADS) is a standardized evalu-
ation pattern for prostate mpMRI, whose second version was
published in 2015 [33]. PI-RADS second version (PI-RADS V2)
showed a better diagnostic value (AUC for PCa=0.79; AUC for
(S-PCa=0.86) for evaluating PCa in PSA with gray area [34].
Besides, some scholars reported the PI-RADS score was cor-
related with the pathological results of PCa, but was not cor-
related with the levels of PSA [35,36]. Nevertheless, because
this retrospective study lacks popularization of PI-RADS, the
results of mpMRI for patients were only classified as “posi-
tive”, “suspicious”, and “negative”, which resulted in low diag-
nostic values of predicting PCa and CS-PCa (AUC for PCa=0.69;
AUC for CS-PCa=0.67). Therefore, PI-RADS V2 could be used
as a dependable standardized evaluation pattern for further
promotion in prostate mpMRI for PSA level in the gray area.

Binary logistic regression models also were used to predict and
evaluate PCa and CS-PCa among patients with PSA in the gray
area. We brought clinical parameters consisting of age, DRE,
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tPSA, f/t PSA, log-transformed PSAD, TRUS, and mpMRI into
regression analysis to construct the prediction model. Finally,
the 2 prediction models both showed better diagnostic value
than all single parameters. When selecting cut-off value >0.36,
the sensitivity, specificity, and AUC of predicting PCa model
were 73.64%, 64.23%, and 0.79, respectively, which is a more
reliable way to predict PCa in clinical practice.

According to GS, PCa patients were divided into the NCS-
PCa group (GS <7) and the CS-PCa group (GS >7), and differ-
ent groups received different treatments. NCS-PCa could be
monitored closely without surgical intervention, which has a
good prognosis and a low mortality rate, while high-risk PCa
patients must be actively treated [37,38]. Therefore, accurate
identification of low-risk PCa patients could reduce the risk of
performing unnecessary invasive biopsies, without increasing
the risk to patient health [18]. In the present study, we devel-
oped a satisfactory diagnostic model for predicting NCS-PCa
and CS-PCa, whose sensitivity and specificity were 71.41% and
81.82%, respectively. Compared with the model of Jun Liu et
al, who just analyzed PSA and its derivatives for CS-PCa, our
prediction model also included mpMRI and had a better de-
tection value (AUC: 0.82 vs 0.87) [18].

Our study was subject to several limitations. Firstly, this was
a retrospective study with single-center samples, with draw-
backs inherent in the study design. Furthermore, adding more
clinical parameters perhaps augment the accuracy of the pre-
diction model, some scholars considered some PCa genomic
biomarkers could improve the diagnostic value and avoid un-
necessary biopsy [39]. Selvi et al reported that arginine and
its metabolites, including plasma arginine, ornithine, arginine
to ornithine ratio, and urinary diacetylspermine, could be used
as molecular markers to predict PCa when the PSA level is in
the gray area, and these biomarkers could be an important re-
search focus in diagnosing PCa [40]. Third, active surveillance
(AS), a strategy of management of patients with low-risk pros-
tate cancer, could reduce unnecessary over-treatment [41]. A
meta-analysis found the mpMRI-targeted biopsy is a useful ad-
dition to systematic confirmation in patients on AS with low-
risk PCa [42]. However, the present research has not follow-up
this field because AS was carried out late in our hospital. We
may consider performing more relevant studies in the future.
Nonetheless, the models we built are convenient, and the re-
quired parameters are accessible and valuable.

Conclusions

We developed 2 models to predict PCa and CS-PCa. When the
best cut-off value is 0.36 in the regression model for the PCa
group and 0.50 for the CS-PCa group, the 2 prediction models
had satisfactory diagnostic value for PCa and CS-PCa among
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patients with PSA in the gray area, which could provide an
important reference value for clinical treatment. Prospective
studies are needed for further confirmation.
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