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What’s known on the subject? and What does the study add?

Urology guidelines suggest that multiparametric prostate magnetic resonance imaging should be conducted for all patients before biopsy. 
However, not all centers can perform a targeted prostate biopsy. Nonetheless, it is beneficial for patients to undergo this imaging method 
even if a targeted biopsy cannot be performed. In patients with prostate-specific antigen levels between 4-10 ng/mL, classical parameters, 
such as prostate-specific antigen density and free total prostate-specific antigen ratio, remain crucial in making biopsy decisions.

Abstract
Objective: To compare the diagnostic value of prostate imaging-reporting and data system (mpMRI) version 2.0 with classical parameters for 
prostate cancer detection in gray zone patients with ultrasonography-guided prostate biopsy as a reference point.

Materials and Methods: With the retrospective nature of the study, 438 biopsy-naïve patients in the gray zone with pre-biopsy mpMRI were 
reviewed. Ultrasonography-guided transrectal prostate biopsy was the reference point. Diagnostic performance of classical parameters compared 
with mpMRI results for prostate carcinoma and clinically significant prostate carcinoma.

Results: The overall cancer detection rate was 30%. Prostate-specific antigen density, free/total prostate-specific antigen ratio, prostate volume, 
suspicious digital rectal examination, and mpMRI score >3 were independent predictors of clinically significant prostate carcinoma. Prostate-
specific antigen density followed by free/total prostate-specific antigen ratio had the largest area under the curve values compared with mpMRI 
score >3 for prostate carcinoma and clinically significant prostate carcinoma.

Conclusion: Classical parameters, prostate-specific antigen density, and f/t prostate-specific antigen ratio were still critical to deciding prostate 
biopsy in gray zone patients, in whom ultrasonography-guided transrectal prostate biopsy was used as a reference point. In centers where targeted 
fusion biopsies were unavailable, pre-biopsy mpMRI still had some benefits. However, biopsy decisions should be made according to each patient’s 
individual characteristics.
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Introduction

After skin cancer, prostate cancer (PCa) is the second most 
frequent malignancy in men (1). The decision to perform a 
systematic 10-12 core transrectal ultrasonography-guided 
prostate biopsy (TRUS-PB), which is typically performed in an 

outpatient clinic under local anesthesia and has an overall 
cancer detection rate of 30-40%, has long been based on 
elevated prostate-specific antigen (PSA) levels and abnormal 
digital rectal examination (DRE) results (2). Although the 
widespread use of TRUS-PB and PSA testing helped increase the 
early detection of PCa, this conventional pathway also resulted 
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in numerous unnecessary treatments for clinically insignificant 
prostate cancer (CISPCa) and missed up to 30% of clinically 
significant prostate carcinoma (CSPCa) (3-6). 

A PSA level above 4 ng/mL is typically considered a threshold 
for biopsy indication. However, due to the low specificity of PSA 
in detecting PCa, no absolute cut-off value can entirely rule 
out the need for a biopsy (7). Additionally, when PSA is used 
to predict PCa likelihood in the 4-10 ng/mL range, known as 
the “gray zone”, approximately 75% of biopsies yield negative 
results (8,9). To decrease these unnecessary biopsies, parameters 
such as PSA density (PSAD), the ratio of free PSA (f PSA) to 
total PSA (f/t PSA), PSA velocity, prostate volume (PV), and 
age-related PSA are also used to decide for biopsy in gray zone 
patients (10).

The traditional method of performing a prostate biopsy 
has changed with the increasing use of pre-biopsy prostate 
multiparametric magnetic resonance imaging (mpMRI). 
Research studies such as PRECISION and PROMIS have 
demonstrated that mpMRI can be used as a triage test, reducing 
unnecessary prostate biopsies by 25% and improving diagnostic 
accuracy for CSPCa (11,12). However, despite being a valuable 
tool for detecting CSPCa, mpMRI may not always provide 
accurate results because studies have shown that false negative 
outcomes can occur in 20-30% of patients with CSPCa (3-13). 

According to the latest guidelines of the European Association 
of Urology (EAU) (14), mpMRI is now regarded as the initial 
imaging modality used before prostate biopsy in biopsy-naive 
and repeat biopsies. According to the EAU guidelines, we aim 
to obtain pre-biopsy mpMRI from almost all patients who are 
candidates for biopsy in the gray zone. However, the risk profile 
of patients who would benefit the most from mpMRI has yet to 
be clearly defined. Accordingly, the objective of this study was 
to assess the efficacy of classical diagnostic parameters such as 
age, PSA levels, f PSA, PSAD, DRE, and f/t PSA when compared 
with mpMRI prostate imaging-reporting and data system (PI-
RADS) scores in predicting PCa and CSPCa in which systematic 
12-core TRUS-PB was used as a reference point in grey zone 
patients. In addition, this study assessed the diagnostic accuracy 
of classical parameters and mpMRI PI-RADS scores in predicting 
PCa and CSPCa.

Materials and Methods

Our hospital’s electronic media was used to retrospectively 
collect data on 820 patients who underwent TRUS-PB between 
January 2018 and April 2023. PSA >4.0 ng/mL, PI-RADS score 
≥3, suspicious DRE, prior suspicious biopsy results, and staging 
of patients with a history of PCa were the biopsy criteria. The 
study inclusion criteria included biopsy-naive patients who had 

undergone at least 12-core TRUS-PB with a PSA level ranging 
from 4 to10 ng/mL with pre-biopsy mpMRI. We eliminated 382 
patients from the study without a pre-biopsy mpMRI, had PSA 
levels outside the gray zone, had a previous biopsy or diagnosis 
of PCa, had less than 12 core biopsies, or were using 5-alpha 
reductase inhibitors. As a result, the study included 438 patients.

Although the operator was aware of the PI-RADS score, no 
mpMRI ultrasound targeted fusion biopsies (MR/USTB) were 
performed because of a lack of equipment. In addition, cognitive 
fusion biopsies (CFB) were not conducted because of the lack of 
high-level MR reading and experience of the operator. However, 
all patients with PI-RADS scores ≥3 were referred to another 
hospital located 250 km away in the closest city where MR/USTB 
was available. Patients who accepted TRUS-PB in our institution 
were included in the study.

All systematic 12-core TRUS-PB operations were performed 
by the same urologist (CB) under local anesthesia in the left 
decubital position using an 18-gauge single-use biopsy needle 
and the same ultrasonography device. In all patients, 1 or 2 
extra biopsy cores were taken from each suspicious lesion on 
transrectal ultrasonography in addition to systematic 12-core 
biopsies.

T2-weighted (T2W), diffusion-weighted, and dynamic contrast-
enhanced imaging were used during mpMRI using a 1.5 Tesla 
MRI system (Magnetom Essenza, Siemens Healthcare Solutions). 
The radiology specialists contracted by our hospital described 
the mp-MRI findings using a PIRADS score of 2.0. 

Within 4 h of blood collection, serum PSA and f PSA levels were 
measured in our hospital laboratory using chemiluminescent 
microparticle immunoassay. The ellipsoid formula was used to 
determine PV. Using MR images, three prostate dimensions were 
evaluated.

The core specimens were analyzed by pathologists from the 
same institution. According to the International Society of 
Urological Pathology, PCa with a Gleason score (GS) of 7 is 
classified as CSPCa, whereas those with a GS of 6 are classified 
as CISPCa (15).

The study was initiated with the approval of the Karabük 
University Non-invasive Clinical Research Ethics Committee 
(date: 07.11.2022, approval no: 2022/1150).

Statistical Analysis

The conformity of the numerical variables to the normal 
distribution was tested using the Shapiro-Wilk test. Factors 
affecting PCa and CSPCa were tested using univariate and 
multivariate binary logistic regression analysis. ROC curve 
analysis was used to calculate and compare the variables under 
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the curve. SPSS 22.0 Windows version package program and 
MedCalc 19.7.1 package program were used in the analysis. 
P<0.05 was considered significant. 

Results

Table 1 summarizes the patient’s clinical information, including 
their median age of 66 years, PSA level of 5.9 ng/mL, f PSA level 
of 1.3 ng/mL, PV of 60.0 mL, PSAD of 0.09 ng/mL/mL, and f/t 
PSA of 0.23. The median number of biopsy cores was 12, and 
31.6% of patients had a suspicious DRE. Of the 438 patients, 131 
(29.9%) were diagnosed with PCa and 87 (19.8%) with CSPCa. 

Age, PV, PSA level, PV, PSAD, f/t PSA, suspicious DRE, PI-RADS 
score 3, and PI-RADS score 4-5 were among the parameters 
identified by univariate logistic regression analysis as significant 
predictors of PCa. The multivariate analysis assessed the 
parameters that stood out in the univariate study. Age, PSAD, 
suspicious DRE, PI-RADS score 3, and PI-RADS score 4-5 were 
found to be independent predictors of PCa in multivariate 
analysis. Regarding CSPCa, it was found that age, PSA level, PV, 
PSAD, f/t PSA, suspicious DRE, PI-RADS 3, and PI-RADS score 4-5 
were predictors in univariate analysis. However, upon further 
multivariate analysis, only age, f/t PSA, suspicious DRE, PI-RADS 
score 3, and PI-RADS score 4-5 were deemed independent 
predictors of CSPCa (Table 2).

The diagnostic performance of the parameters for PCa and 
CSPCa was evaluated using ROC curve analysis. The ROC curve 
analysis for predicting PCa showed that the area under the 
curve (AUC) values of PSAD (0.771) were the highest, followed 
by f/t PSA (0.733) compared with other parameters. For CSPCa, 
PSAD had the highest AUC value (0.798) compared with the 
other parameters. The f/t PSA ratio had the second highest AUC 
value (0.768), followed by suspicious DRE (Figure 1). 

ROC curve analysis revealed a cut-off value of PSAD of 0.11 
ng/mL/mL in predicting PCa. With a cut-off value of 0.11 ng/
mL/mL, the sensitivity and specificity were 61.8% and 83.7%, 
respectively. For CSPCa, the cut-off value of PSAD was 
calculated to be 0.12 ng/mL/mL with 64.3% sensitivity and 
83.7% specificity. 

For f/t PSA, using a cut-off value of 0.19 for PCa, the sensitivity 
and specificity of predicting PCa were 62.6% and 76.2%, 
respectively. The cut-off value of f/t PSA was the same for 
CSPCa, with 71.2% sensitivity and 73.5% specificity.

The PV, with a cut-off value of 49 mL, had 59.5% sensitivity 
and 81.4% specificity for PCa. For CSPCa, the cut-off value was 
calculated at 50 mL with 66.6% sensitivity and 75.5% specificity. 

According to logistic regression analysis, a PI-RADS score of 3 
and a PI-RADS score of 4-5 were independent predictors of PCa 

Variable AUC SEa 95% CIb

PIRADS score 3 0.524 0.0249 0.476 to 0.571
PIRADS score 4-5 0.662 0.0290 0.616 to 0.706
PSAD 0.798 0.0283 0.757 to 0.834
f/t PSA 0.768 0.0305 0.725 to 0.807
Suspicious DRE 0.698 0.0276 0.653 to 0.741
Age 0.600 0.0358 0.552 to 0.646

Figure 1. ROC curves of PI-RADS score 3, PI-RADS score 4-5, PSAD, f/t PSA, 
suspicious DRE, and age in clinically significant prostate cancer detect

PI-RADS: Prostate Imaging-Reporting and Data System, PSAD: Prostate specific antigen 
density, DRE: Digital rectal examination, f/t PSA: Free/total prostate specific antigen ratio, AUC: 
Area under the curve, ROC: Receiver operating characteristic, CI: Confidence interval

Table 1. Main data of pre-biopsy mpMRI applied patients in grey 
zone with pathology results 

Parameters Pre-biopsy mpMRI applied 
patients in grey zone 

No. of patients 438
Age, years median (IQR) 66.0 (61.0-70.0)
PSA ng/mL median (IQR) 5.9 (4.9-7.6)
Prostate volume mL median (IQR) 60.0 (46.0-85.0)
Free PSA ng/mL median (IQR) 1.3 (1.0-1.8)
PSAD ng/mL/mL median (IQR) 0.09 (0.06-0.13)
f/t PSA % median (IQR) 0.23 (0.16-0.29)
Suspicious DRE n, (%) 145 (31.6)
No. of biopsy cores median (IQR) 12.0 (12.0-12.0)
Pathology results
PIN n, (%) 22 (5)
ASAP n, (%) 45 (10.2)
BPH n, (%) 240 (54.7)
PCa n, (%) 131 (29.9)
CISPCa n, (%) 44 (10.0)
CSPCa n, (%) 87 (19.8)
PI-RADS scores
PI-RADS 1-2 n, (%) 211 (48.2)
PI-RADS 3 n, (%) 84 (19.2)
PI-RADS 4-5 n, (%) 143 (32.6)
PSA: Prostate specific antigen, PSAD: Prostate specific antigen density, f/t PSA: Free/
total prostate specific antigen ratio, DRE: Digital rectal examination, PIN: Prostatic 
intraepithelial neoplasia, ASAP: Atypical small acinar cell proliferation, BPH: Benign 
prostatic hyperplasia, PCa: Prostate carcinoma, CISPCa: Clinically insignificant prostate 
carcinoma, CSPCa: Clinically significant prostate carcinoma, PI-RADS: Prostate 
imaging-reporting and data system, IQR: Interquartile range
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or CSPCa. A PI-RADS score of 4-5 had a sensitivity of 48.8% 
and specificity of 74.2% for PCa, whereas it had a sensitivity of 
58.6% and specificity of 73.9% for CSPCa. The cut-off values 
with the sensitivity and specificity results of the parameters for 
PCa and CSPCa are shown in Supplementary Table 1.

Discussion

Our research aimed to evaluate the effectiveness of mpMRI in 
predicting PCa and CSPCa compared with classical parameters 
in gray zone patients. In our study, 29% of the patients were 
diagnosed with PCa, indicating that unnecessary biopsies were 
performed in 71% of the patients. Previously, elevated PSA levels 
were used as the primary indicator for prostate biopsy, but this 
resulted in overdiagnosis and unnecessary biopsies (16). Our 
study demonstrated that PSA was not an independent predictor 
of PCa and CSPCa in multivariate analysis. Nonetheless, PSA 
derivatives, such as f/t PSA and PSAD, remain widely used in 
deciding whether to perform a prostate biopsy. Multiple studies 
have suggested that a prostate biopsy should be recommended 
when f/t PSA <0.15 and PSAD >0.15 ng/mL (17-19). Our results 
showed that the cut-off values for PSAD were 0.11 for PCa 
and 0.12 for CSPCa, whereas for f/t PSA, these values were 
calculated as 0.19 for both PCa and CSPCa. We also observed 
that these two parameters had the highest AUC values in the 

ROC analysis for both PCa and CSPCa. However, we should note 
that f PSA has been reported to have a summary sensitivity 
of 70% in gray zone patients, and because of its instability in 
serum, it is not recommended to use it alone in determining 
whether to conduct a prostate biopsy or not (20).

Our study demonstrated that using mpMRI with a score of ≥3 
had a lower AUC value for detecting PCa and CSPCa than PSAD, 
f/t PSA, and suspicious DRE. This may be due to the fact that 
we did not perform targeted biopsies on patients with a PI-
RADS score ≥3. The introduction of mpMRI and PI-RADS scoring 
has changed the traditional PSA and its derivatives approach. 
According to the latest EAU guidelines, it is recommended to 
use pre-biopsy mpMRI to locate suspicious lesions or to avoid 
biopsy in low-risk patients and to perform both targeted and 
systematic biopsies on patients with suspicious lesions detected 
by mpMRI (14). The PROMIS study demonstrated that the use of 
pre-biopsy mpMRI can significantly reduce unnecessary biopsies 
by 27% while increasing the diagnosis of CSPCa by 18% and 
reducing the potential over-diagnosis and over-treatment of 
CISPCa by 5% (11). Similarly, the PRECISION study has shown 
that targeting biopsy alone is more effective than systematic 
biopsy for detecting CSPCa (12). However, the MR-FIRST 
study has indicated that combining systematic and targeted 
biopsy can yield better results than either method alone (21). 

Table 2. Univariate and multivariate analysis of classical parameters and PI-RADS score for the prediction of prostate cancer and 
clinically significant prostate cancer 
PCa Univariate a. p Multivariate a. p

Age 1.04 (1.01-1.08) 0.007* 1.07 (1.02-1.12) 0.003*

PSA 1.23 (1.097-1.38) 0.001* 0.93 (0.74-1.18) 0.564

Prostate volume 0.96 (0.95-0.97) 0.001* 0.99 (0.98-1.01) 0.376

PSAD 6.54 (4.16-10.26) 0.001* 3.91 (1.6-9.55) 0.003*

f/t PSA 0.00 (0.00-0.00) 0.001* 0.04 (0-1.01) 0.051

Suspicious DRE 4.52 (2.92-6.97) 0.001* 3.19 (1.86-5.5) 0.001*

No. of biopsy core 1.09 (0.81-1.49) 0.563 1.2 (0.79-1.82) 0.404

PI-RADS 3 2.84 (1.61-5.03) 0.001* 2.46 (1.23-4.95) 0.011*

PI-RADS 4-5 3.93 (2.42-6.41) 0.001* 2.53 (1.35-4.72) 0.004*

CSPCa Univariate a. p Multivariate a. p

Age 1.06 (1.02-1.10) 0.004* 1.08 (1.02-1.13) 0.003*

PSA 1.32 (1.17-1.51) 0.001* 1.09 (0.84-1.41) 0.535

Prostate volume 0.96 (0.95-0.97) 0.001* 0.98 (0.96-1) 0.088

PSAD 4.88 (3.26-7.32) 0.001* 1.84 (0.82-4.13) 0.136

f/t PSA 0.00 (0.00-0.00) 0.001* 0 (0-0.31) 0.013*

Suspicious DRE 5.35 (3.21-8.92) 0.001* 3.22 (1.71-6.06) 0.001*

No. of biopsy core 0.94 (0.64-01.36) 0.732 0.81 (0.5-1.34) 0.415

PI-RADS 3 3.81 (1.83-7.79) 0.001* 3.08 (1.31-7.21) 0.010*

PI-RADS 4-5 6.75 (3.66-12.48) 0.001* 4.85 (2.28-10.32) 0.001*
PSA: Prostate specific antigen, PSAD: Prostate specific antigen density, f/t PSA: Free/total prostate specific antigen ratio, DRE: Digital rectal examination, PI-RADS: Prostate imaging-
reporting and data system, a.: Analysis
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Moreover, large randomized controlled trials have supported the 
combination of targeted and systematic biopsy as the optimal 
approach for achieving the highest cancer detection rates in 
patients with suspicious mpMRI lesions (22,23). However, mpMRI 
fusion targeting biopsies, which are in-bore MRI-targeted and 
MR ultrasound-targeted fusion biopsies (MR/USTB), are not 
available in all hospitals. The alternative technique, CFB, requires 
no additional equipment but a high level of mpMRI reading 
knowledge. We opted not to use CFB because of its high reliance 
on mpMRI readings, despite its simplicity, speed, and lack of 
necessary equipment. To conduct a CFB, the operator must have 
a complete understanding of the location of the prostate lesion. 
This can only be achieved by carefully examining each MRI 
image, which requires a high level of mpMRI reading knowledge. 
Although the FUTURE study demonstrated that these three 
techniques did not have significantly different CSPCa detection 
rates (24), the success of CFB and MR/USTB heavily depends on 
the experience of the biopsy operators, making it imperative for 
skilled urologists proficient in mpMRI reading or a radiologist 
familiar with prostate MRI to perform cognitive biopsies (25,26).

Even if we did not perform fusion-targeted biopsies, pre-biopsy 
mpMRI provided two significant benefits. First, it helped us avoid 
unnecessary biopsies for patients in the gray zone who had no 
lesions on MRI by using other parameters. Second, patients 
with lesions in the anterior part of the prostate were referred 
directly to specialized hospitals for targeted biopsies. In addition, 
patients requiring repeat biopsies no longer have to wait eight 
weeks for mpMRI because they already had pre-biopsy mpMRI. 

Study Limitations

One of the study’s main limitations was that it was conducted at 
a single-center and had a retrospective nature. This study did not 
involve targeted biopsies but used TRUS-PB as a reference point. 
However, TRUS-PB has been criticized for both underdetecting 
and overdiagnosing PCa.

Conclusion

Classical parameters, PSAD, and f/t PSA are essential when 
deciding on prostate biopsy in gray zone patients. If targeted 
fusion biopsies are unavailable, pre-biopsy mpMRI can still 
provide some advantages. Nevertheless, it is essential to consider 
each patient’s unique characteristics before deciding to proceed 
with a biopsy.
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1. Age

Area under the ROC curve (AUC)

Area under the ROC curve (AUC)  0.592

Standard errora 0.0311

95% confidence intervalb 0.544 to 0.638

z statistic 2.949

Significance level p (area=0.5) 0.0032

 

Youden index J 0.1879

Associated criterion >67

Sensitivity 50.38

Specificity 68.40

Criterion values and coordinates of the ROC curve [Show]

Criterion Sensitivity 95% CI Specificity 95% CI

>67 50.38 41.5-59.2 68.40 62.9-73.6

2. PSA

Area under the ROC curve (AUC) 

Area under the ROC curve (AUC)  0.612

Standard errora 0.0290

95% confidence interval b 0.565 to 0.658

Z statistic 3.861

Significance level p (area=0.5) 0.0001

 

Youden index J 0.1926

Associated criterion >6.05

Sensitivity 60.31

Specificity 58.96

Criterion values and coordinates of the ROC curve [Show]

Criterion Sensitivity 95% CI Specificity 95% CI

>6.05 60.31 51.4-68.7 58.96 53.2-64.5

Supplementary Table 1a. The cut-off values of 
parameters with sensitivity and specificity for PCa
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3. PSAD

Area under the ROC curve (AUC) 

Area under the ROC curve (AUC)  0.771

Standard errora 0.0263

95% confidence interval b 0.728 to 0.809

z statistic 10.312

Significance level p (area=0.5) <0.0001

Youden index J 0.4555

Associated criterion >0.11

Sensitivity 61.83

Specificity 83.71

Criterion values and coordinates of the ROC curve [Show]

Criterion Sensitivity 95% CI Specificity 95% CI

>0.11 61.83 52.9-70.2 83.71 79.1-87.7

4. f/t PSA

Area under the ROC curve (AUC) 

Area under the ROC curve (AUC)  0.733

Standard errora 0.0280

95% confidence intervalb 0.689 to 0.774

z statistic 8.332

Significance level p (area=0.5) <0.0001

Youden index J 0.3882

Associated criterion ≤0.19

Sensitivity 62.60

Specificity 76.22

Criterion values and coordinates of the ROC curve [Show]

Criterion Sensitivity 95% CI Specificity 95% CI

≤0.19 62.60 53.7-70.9 76.22 71.1-80.9

5. PV

Area under the ROC curve (AUC) 

Area under the ROC curve (AUC)  0.747

Standard errora 0.0268

95% confidence intervalb 0.704 to 0.788

z statistic 9.217

Significance level p (area=0.5) <0.0001

Youden index J 0.4098

Associated criterion ≤49

Sensitivity 59.54

Specificity 81.43

Criterion values and coordinates of the ROC curve [Show]

Criterion Sensitivity 95% CI Specificity 95% CI

≤49 59.54 50.6-68.0 81.43 76.6-85.6

6. PI-RADS 4-5

Area under the ROC curve (AUC) 

Area under the ROC curve (AUC)  0.616

Standard errora 0.0252

95% confidence intervalb 0.568 to 0.661

z statistic 4.582

Significance level p (area=0.5) <0.0001

Youden index J 0.2312

Associated criterion >0

Sensitivity 48.85

Specificity 74.27

Criterion values and coordinates of the ROC curve [Show]

Criterion Sensitivity 95% CI Specificity 95% CI

>0 48.85 40.0-57.7 74.27 69.0-79.1
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7. PI-RADS 3

Area under the ROC curve (AUC) 

Area under the ROC curve (AUC)  0.532

Standard errora 0.0215

95% confidence intervalb 0.484 to 0.580

z statistic 1.485

Significance level p (area=0.5) 0.1374

Youden index J 0.06400

Associated criterion >0

Sensitivity 23.66

Specificity 82.74

Criterion values and coordinates of the ROC curve [Show]

Criterion Sensitivity 95% CI Specificity 95% CI

>0 23.66 16.7-31.9 82.74 78.0-86.8

Supplementary Table 1b. The cut-off values of 
parameters with sensitivity and specificity for CSPCa

1. Age

Area under the ROC curve (AUC) 

Area under the ROC curve (AUC)  0.600

Standard errora 0.0358

95% confidence intervalb 0.552 to 0.646

z statistic 2.784

Significance level p (area=0.5) 0.0054

Youden index J 0.1811

Associated criterion >67

Sensitivity 51.72

Specificity 66.38

Criterion values and coordinates of the ROC curve [Show]

Criterion Sensitivity 95% CI Specificity 95% CI

>67 51.72 40.8-62.6 66.38 61.2-71.3

2. PSA

Area under the ROC curve (AUC) 

Area under the ROC curve (AUC)  0.645

Standard errora 0.0335

95% confidence intervalb 0.598 to 0.690

z statistic 4.319

Significance level p (area=0.5) <0.0001

Youden index J 0.2616

Associated criterion >6.3

Sensitivity 60.92

Specificity 65.24

Criterion values and coordinates of the ROC curve [Show]

Criterion Sensitivity 95% CI Specificity 95% CI

>6.3 60.92 49.9-71.2 65.24 60.0-70.2

3. PSAD

Area under the ROC curve (AUC) 

Area under the ROC curve (AUC)  0.798

Standard errora 0.0283

95% confidence intervalb 0.757 to 0.834

z statistic 10.523

Significance level p (area=0.5) <0.0001

Youden index J 0.4813

Associated criterion >0.12

Sensitivity 64.37

Specificity 83.76

Criterion values and coordinates of the ROC curve [Show]

Criterion Sensitivity 95% CI Specificity 95% CI

>0.12 64.37 53.4-74.4 83.76 79.5-87.5
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4. f/t PSA

Area under the ROC curve (AUC) 

Area under the ROC curve (AUC)  0.768

Standard errora 0.0305

95% confidence intervalb 0.725 to 0.807

z statistic 8.792

Significance level p (area=0.5) <0.0001

Youden index J 0.4477

Associated criterion ≤0.19

Sensitivity 71.26

Specificity 73.50

Criterion values and coordinates of the ROC curve [Show]

Criterion Sensitivity 95% CI Specificity 95% CI

≤0.19 71.26 60.6-80.5 73.50 68.6-78.0

5. PV

Area under the ROC curve (AUC) 

Area under the ROC curve (AUC)  0.757

Standard errora 0.0302

95% confidence intervalb 0.714 to 0.797

z statistic 8.525

Significance level p (area=0.5) <0.0001

Youden index J 0.4217

Associated criterion ≤50

Sensitivity 66.67

Specificity 75.50

Criterion values and coordinates of the ROC curve [Show]

Criterion Sensitivity 95% CI Specificity 95% CI

≤50 66.67 55.7-76.4 75.50 70.7-79.9

6. PI-RADS 4-5

Area under the ROC curve (AUC) 

Area under the ROC curve (AUC)  0.662

Standard errora 0.0290

95% confidence intervalb 0.616 to 0.706

z statistic 5.580

Significance level p (area=0.5) <0.0001

Youden index J 0.3241

Associated criterion >0

Sensitivity 58.62

Specificity 73.79

Criterion values and coordinates of the ROC curve [Show]

Criterion Sensitivity 95% CI Specificity 95% CI

>0 58.62 47.6-69.1 73.79 68.9-78.3

7. PI-RADS 3

Area under the ROC curve (AUC) 

Area under the ROC curve (AUC)  0.524

Standard errora 0.0249

95% confidence intervalb 0.476 to 0.571

z statistic 0.954

Significance level p (area=0.5) 0.3401

Youden index J 0.04755

Associated criterion >0

Sensitivity 22.99

Specificity 81.77

Criterion values and coordinates of the ROC curve [Show]

Criterion Sensitivity 95% CI Specificity 95% CI

>0 22.99 14.6-33.2 81.77 77.3-85.7




