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structured reporting scheme called Prostate Imaging Reporting and Data 
System (PIRADS).9 In 2015, the American College of Radiologists, EUSR 
and the AdMeTech Foundation improved and updated PIRADS to version 
2 (PIRADS V2).10 This guideline has an important clinical significance 
in PCa diagnosis.11 Recently, some studies have shown that prostate-
specific antigen density (PSAD), PSAD of the peripheral zone (PSADPZ), 
and peripheral zone volume ratio (PZ-ratio) can be used to predict the 
occurrence of PCa.12–14 In this paper, we established a new model to 
increase the detection rates of PCa and clinically significant PCa (csPCa), 
and compared its diagnostic performance with the conventional model 
(age, prostate-specific antigen [PSA], free/total PSA [f/tPSA], and PSAD).

PATIENTS AND METHODS
Ethical approval
All patients were counseled about the risks of the procedure, and then, 
they signed consent form that included permission to use their clinical 

INTRODUCTION
Prostate cancer (PCa) is a common male cancer that affects approximately 
250 000 men per year worldwide.1 The incidence of PCa has risen 
dramatically in recent years, especially in China, where it ranks second 
among male tumors.2 Prostate biopsy is considered the gold standard for 
the diagnosis of PCa.3 The 12-core systematic prostate biopsy is widely 
used worldwide,4 and is based on random sampling. However, it cannot 
accurately target the region of interest.5 This limitation can result in false-
negative results, misdiagnosis of high-risk PCa, or even overdiagnosis. 
According to previous reports, more than 20% of patients who have 
undergone an initial prostate biopsy show false-negative results, and are 
therefore misdiagnosed.6 Multiparameter magnetic resonance imaging 
(mpMRI) has been increasingly used to diagnose patients with PCa.7,8 In 
2012, the European Society of Urogenital Radiology (ESUR) established 
a series of guidelines for the interpretation of mpMRI images using a 
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data for research. Ethical approval was obtained from the Institutional 
Review Board of The First Affiliated Hospital of Soochow University 
(Suzhou, China; No. 2021237)

Patient recruitment
In this retrospective cohort study, patients with PCa were recruited 
at The First Affiliated Hospital of Soochow University from June 
2016 to August 2020. A total of 853 male patients who presented 
to our institution for prostate biopsy, accompanied by an abnormal 
digital rectal examination (DRE) and/or an elevated PSA level, were 
offered prebiopsy mpMRI. Of these patients, 48 (5.6%) had prior 
treatment, 67 (7.9%) had PSA >100 ng ml−1, 23 (2.7%) were not able 
to undergo MRI examination, and the remaining 715 (83.8%) received 
a transperineal prostate biopsy.

MRI acquisition
All patients were subjected to 3T magnetic resonance (MR) scanner 
(MAGNETOM Skyra; Siemens Healthineers, Erlangen, Germany). 
The 18-channel body and standard spine array coils were employed for 
signal reception. The transverse T1-weighted turbo spin-echo (TSE) 
images, as well as the transverse, coronal, and sagittal T2-weighted 
TSE images of the prostate and seminal vesicles were acquired. The 
apparent diffusion coefficient was obtained from diffusion-weighted 
imaging (DWI), and was calculated using a two-dimensional (2D) 
echo-planar imaging sequence with multiple b-value acquisitions 
(0 s mm−2, 100 s mm−2, 800 s mm−2, 1000 s mm−2, and 1500 s mm−2), 
with diffusion-sensitizing gradients applied along the x-, y-, and z-axes. 
Dynamic contrast-enhanced (DCE) imaging was conducted through 
a three-dimensional (3D) T1-weighted gradient-echo volumetric 
interpolated breath-hold examination, and was in the same plane as 
the 3D T2W sequence. Then, an intravenous contrast agent (Medtron 
AG, Saarbruecken, Germany) was administered at 1ml kg-1 body weight 
and 2.5 ml s-1 injection rate. The MR Tissue4D software (Syngo. via 
VA20B; Siemens Healthineers) was used to construct perfusion curves.

Prostate biopsy and pathology analysis
Transperineal prostate-targeted biopsy (TB) and systematic biopsy 
(SB) were performed on all patients. During TB, the DICOM data 
of mpMRI images, including T2-weighted imaging (T2WI), DWI, 
apparent diffusion coefficient (ADC), and DCE, were imported into 
the Real-time Virtual Sonogra (RVS) ultrasonography host (Preirus, 
Hitachi, Japan), and the target lesion was marked as region of interest 
(ROI). Through RVS, the ROI marked on MRI images was displayed 
in real-time on the ultrasonography images. Ultrasonography and MRI 
images were matched by sagittal and axial anatomical markers, such 
as urethral orifices and small prostate cysts. Following these steps, the 
urologist performed the targeted biopsy and each ROI was executed 
on 2-core biopsy. After completion of TB, the RVS was turned off and 
the same urologist continued to perform SB. All specimens were fixed 
in 10% formalin and subjected to pathological analysis. The csPCa 
was defined as a single biopsy core with a Gleason score of 3 + 4 (7) 
or above (International Society of Urological Pathology [ISUP] grade 
group [GG] >1) as described previously.6

Patient characteristics
The patients’ age, prebiopsy PSA, f/tPSA, and pathological features 
were included in the study. The included MRI characteristics were 
PIRADS scores, prostate volume (PV) on mpMRI (PV = 0.52 × 
height × length × width), the PSAD (PSAD = PSA/PV), transitional 
zone (TZ) volume (TZV = 0.52 × height [TZ] × length [TZ] × width 
[TZ]), peripheral zone (PZ) volume (PZV = PV − TZV ), PZ-ratio 

(PZ-ratio = PZV/PV), PSADPZ (PSADPZ = PSA/PZV), and adjusted 
PSADPZ (aPSADPZ = PSAD × PZ-ratio). Each patient was graded 
according to PIRADS V2 by the same radiologist who graded more 
than 100 prostate MRI readings. The biopsy cores were examined by 
a dedicated pathologist.

Statistical analyses
Categorical and continuous variables were analyzed using Pearson’s 
Chi-squared test and Mann–Whitney U test, respectively. Binary logistic 
regression was used to calculate the odds ratios of each predictive factor. 
The predictive models were constructed as follows. First, univariate 
regression analysis was performed to evaluate the power of each 
parameter in diagnosing PCa and csPCa. Next, the variables with P < 0.05 
in the univariate analysis were further analyzed by multivariate logistic 
regression models using the procedure of the backward selection method. 
The multivariate regression coefficients were then used to construct 
nomograms. From multivariable binary logistic analysis, the following 
predictive models were built to predict the occurrence of PCa and csPCa: 
the base model included all clinical factors such as age, PSA, f/tPSA, 
and PSAD, while the new model included PIRADS and aPSADPZ. The 
calibration and discrimination abilities of these models were evaluated 
using the calibration curve (1000 bootstrap resamples) and area under 
the receiver operating characteristic (ROC) curve (AUC), respectively. 
The nomograms were also validated using an internal validation cohort 
(1000 bootstrap resamples). The clinical benefits of these models were 
determined by decision curve analysis. The AUCs of both models were 
compared using methods described previously.15 In decision curve 
analyses, the horizontal line along the x-axis indicated that all patients 
developed PCa and csPCa. The nomogram and calibration plots were 
constructed by R i386 4.0.2 (http://www.r-project.org, last accessed 
on March 10, 2022). Other statistical tests were conducted with SPSS 
version 22.0 (IBM Corp., Armonk, NY, USA) and MedCalc version 
18.2.1 (MedCalc Software, Mariakerke, Belgium). All reported P-values 
were two-sided and the level of statistical significance was set at P < 0.05.

RESULTS

Demographic and clinical characteristics
Overall, 350 out of 715 patients (49.0%) had histologically confirmed 
PCa, while 302 (42.2%) had histologically confirmed csPCa. The 
clinical data of all patients are summarized in Table 1. PCa patients 
were significantly older, with higher PSA, PSAD, PZ-ratio, PSADPZ, 
and aPSADPZ and lower f/tPSA, PV, and TZV, compared to patients 
with benign disease. Similar results were observed for the differences 
in these parameters between csPCa group and benign or clinically 
insignificant prostate cancer (isPCa) group.

Univariate and multivariate regression analyses of independent 
predictors for diagnosing PCa and csPCa
As shown in Table 2, age, PSA, f/tPSA, PV, PSAD, TZV, PZ-ratio, 
PSADPZ, and aPSADPZ were important predictors for diagnosing 
PCa and csPCa in univariate logistic regression analysis. The findings 
of multivariate analysis are presented in Table 3. Especially, age, 
PSA, f/tPSA, aPSADPZ, and PIRADS were included in the predictive 
model of PCa; while age, f/tPSA, aPSADPZ, and PIRADS were included 
in the predictive model of csPCa.

ROC curve analysis of predictive factors in comparison with PSA 
values
ROC curve analysis revealed that the AUC for PSA in the diagnosis 
of PCa and csPCa were 0.669 and 0.713, respectively. Compared with 
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other parameters, aPSADPZ showed the highest AUCs of 0.812 and 
0.828 for PCa and csPCa diagnosis, followed by PSAD with 0.762 
and 0.788, PZ-ratio with 0.748 and 0.735, and PSADPZ with 0.659 
and 0.694, respectively (Figure 1). After pairwise comparison, the 
AUC of aPSADPZ was significantly larger than other parameters for 
PCa diagnosis (aPSADPZ vs PSA, Z value: 7.918, P < 0.01; aPSADPZ 
vs PSAD, Z value: 5.934, P < 0.01; aPSADPZ vs PSADPZ, Z value: 
8.802, P < 0.01; and aPSADPZ vs PZ-ratio, Z value: 3.671, P < 0.01) 
and csPCa diagnosis (aPSADPZ vs PSA, Z value: 6.528, P < 0.01; 
aPSADPZ vs PSAD, Z value: 5.057, P < 0.01; aPSADPZ vs PSADPZ, 

Z value: 8.023, P < 0.01; and aPSADPZ vs PZ-ratio, Z value: 5.149, 
P < 0.01).

Nomograms and validation of the two models for diagnosing PCa 
and csPCa
Based on the multivariate regression coefficients, nomograms 
(Figure 2a and 2b) were used to visualize the predictive results. The 
calibration and discrimination abilities of these nomograms were 
further validated with an internal cohort (1000 bootstrap resamples, 
Figure 2c and 2d) were used. Compared to the base models (including 

Table  2: Univariate regression analyses for various parameters to detect PCa and csPCa

Characteristic PCa diagnosis csPCa diagnosis

OR (95% CI) P OR (95% CI) P

Age (year) 1.086 (1.064–1.109) <0.01 1.086 (1.063–1.108) <0.01

PSA (ng ml−1) 1.053 (1.038–1.069) <0.01 1.066 (1.049–1.082) <0.01

f/tPSA 0.001 (0–0.008) <0.01 0.001 (0–0.002) <0.01

PV (ml) 0.977 (0.971–0.984) <0.01 0.979 (0.973–0.986) <0.01

PSAD (ng ml−2) 33.224 (15.152–72.851) <0.01 46.755 (21.165–103.285) <0.01

TZV (ml) 0.957 (0.947–0.967) <0.01 0.959 (0.949–0.970) <0.01

PZ‑ratio 453.766 (139.206–1479.123) <0.01 335.390 (102.123–1101.477) <0.01

PSADPZ (ng ml−2) 1.865 (1.491–2.332) <0.01 2.191 (1.736–2.765) <0.01

aPSADPZ (ng ml−2) 1962.141 (416.442–9244.979) <0.01 2216.515 (498.593–9853.613) <0.01

PIRADS <0.01 <0.01

2 Reference Reference

3 11.549 (2.708–49.255) 13.574 (1.790–102.915)

4 261.382 (61.869–1104.267) 256.594 (35.062–1877.828)

5 662.167 (151.047–2902.831) 808.286 (108.576–6017.217)

PCa: prostate cancer; csPCa: clinically significant prostate cancer; OR: odds ratio; CI: confidence interval; PSA: prostate‑specific antigen; f/tPSA: free/total PSA; PV: prostate 
volume; PSAD: prostate‑specific antigen density; TZV: transitional zone volume; PZ‑ratio: peripheral zone volume ratio; PSADPZ: prostate‑specific antigen density of peripheral zone; 
aPSADPZ: adjusted prostate‑specific antigen density of peripheral zone; PIRADS: Prostate Imaging Reporting and Data System

Table  1: Patients demographics and the correlation of PIRADS with biopsy results

Characteristic PCa group (n=350) Benign group (n=365) Z P csPCa group (n=302) isPCa group or benign 
group (n=413)

Z P

Age (year), median (IQR) 71 (66, 76) 66 (60, 71) ‑8.575 <0.01 72 (66, 76) 66 (60, 72) ‑6.585 <0.01

PSA (ng ml‑1), median (IQR) 14.01 (8.20, 24.04) 8.90 (6.01, 13.86) ‑7.816 <0.01 15.49 (9.38, 25.76) 8.64 (5.95, 13.82) ‑3.837 <0.01

f/tPSA, median (IQR) 0.105 (0.078, 0.147) 0.151 (0.107, 0.203) ‑8.263 <0.01 0.101 (0.077, 0.142) 0.15 0 (0.105, 0.203) ‑7.020 <0.01

PV (ml), median (IQR) 35.5 (26.1, 48.6) 48.2 (33.4, 68.4) ‑8.029 <0.01 35.5 (26.1, 47.9) 47.2 (32.0, 67.2) ‑7.220 <0.01

PSAD (ng ml‑2), median (IQR) 0.376 (0.224, 0.701) 0.179 (0.112, 0.284) ‑12.144 <0.01 0.417 (0.240, 0.798) 0.184 (0.116, 0.288) ‑8.829 <0.01

TZV (ml), median (IQR) 13.8 (9.4, 21.7) 26.2 (16.2, 44.1) ‑10.944 <0.01 13.5 (9.4, 20.8) 24.7 (15.3, 42.7) ‑9.733 <0.01

PZV (ml), median (IQR) 20.1 (14.7, 27.4) 20.9 (15.1, 29.7) ‑0.796 0.426 20.4 (14.8, 27.4) 20.7 (15.0, 29.4) ‑0.990 0.322

PZ‑ratio, median (IQR) 0.588 (0.506, 0.677) 0.453 (0.334, 0.549) ‑11.452 <0.01 0.594 (0.510, 0.679) 0.471 (0.349, 0.561) ‑9.867 <0.01

PSADPZ (ng ml‑2), median (IQR) 0.712 (0.403, 1.349) 0.431 (0.254, 0.791) ‑7.306 <0.01 0.761 (0.441, 1.459) 0.431 (0.258, 0.767) ‑8.865 <0.01

aPSADPZ (ng ml‑2), median (IQR) 0.213 (0.123, 0.415) 0.074 (0.041, 0.129) ‑14.428 <0.01 0.249 (0.142, 0.441) 0.079 (0.044, 0.136) ‑11.211 <0.01

PIRADS (n)

2 2 137 NA NA 1 138 NA NA

3 30 171 NA NA 19 182 NA NA

4 149 34 NA NA 122 61 NA NA

5 176 16 NA NA 166 26 NA NA

ISUP (n)

1 48 NA NA NA NA NA NA NA

2 105 NA NA NA NA NA NA NA

3 94 NA NA NA NA NA NA NA

4 48 NA NA NA NA NA NA NA

5 55 NA NA NA NA NA NA NA

PIRADS: Prostate Imaging Reporting and Data System; PCa: prostate cancer; csPCa: clinically significant prostate cancer; isPCa: clinically insignificant prostate cancer; 
PSA: prostate‑specific antigen; f/tPSA: free/total prostate‑specific antigen; PV: prostate volume; PSAD: prostate‑specific antigen density; TZV: transitional zone volume; PZV: peripheral 
zone volume; PSADPZ: prostate‑specific antigen density of peripheral zone; aPSADPZ: adjusted prostate‑specific antigen density of peripheral zone; ISUP: International Society of 
Urological Pathology; IQR: interquartile range; PZ‑ratio: peripheral zone volume ratio; NA: not available
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age, PSA, f/tPSA, and PSAD), the new models exhibited obviously 
higher AUC values (PCa: 0.945 vs 0.830, P < 0.01; and csPCa: 0.937 
vs 0.845, P < 0.01) for predicting PCa and csPCa (Figure 3a and 3b). 
Calibration curves showed excellent calibration between the actual 
and predicted probabilities of the new models for diagnosing PCa and 
csPCa. The decision curve analysis indicated that the net benefit of new 
models was better than that of base models for predicting patients with 
or without PCa (Figure 3c and 3d). In addition, clinical impact curves 
showed that in high-risk threshold, the number of patients with PCa 
and csPCa predicted by the new model was in good agreement with 
the actual number of patients with PCa and csPCa (Figure 3e and 3f).

DISCUSSION
The current consensus is that PSA is the most commonly used for PCa 
screening.16 Previous research has shown that the PSA cut-off level of 
4 ng ml−1 should be used for the diagnosis of PCa.17 However, PSA is 

found not only in PCa but also in benign prostate hyperplasia (BPH), 
nonmalignant condition, and inflammatory diseases, which makes it 
not specific for PCa detection. It is generally believed that BPH occurs 
mainly because of TZ hyperplasia. Therefore, TZ may increase the 
level of PSA in BPH patients, while the PSA in the PZ is quite stable. 
Aminsharifi et al.12 and Kim et al.13 demonstrated that PSAD had 
better accuracy than PSA in distinguishing between PCa and BPH. 
Chang et al.14 showed that the PZ-ratio could be used as a predictor of 
PCa. Koo et al.18 and Lee et al.19 indicated that PZPSAD was better than 
PSA for the detection of PCa. In this study, we found that PZ-ratio had 
an advantage over PSA in the diagnosis of PCa, while PSADPZ had no 
advantage over PSA. PCa is mostly found in the PZ,20 and tumors in 
the PZ can increase the levels of PSA in patients with a high PZ-ratio. 
Our results showed that the aPSADPZ had significant predictive ability 
in both univariate and multivariate analyses, indicating it was the best 
predictor of PCa in this study. Compared with PSADPZ, PZ-ratio and 
PSAD were more important for the diagnosis of PCa. Therefore, PSAD 
was combined with PZ-ratio to obtain a new index (aPSADPZ), which 
achieved a better predictive outcome.

Recently, the PIRADS score has shown important clinical 
significance in PCa diagnosis.10 In our study, PIRADS also exhibited 
a significant predictive capability in both univariate and multivariate 
analyses. Therefore, PIRADS and aPSADPZ were selected to construct 
a new predictive model. In 1999, Eastham et al.21 reported the first 
nomogram to predict PCa. However, most of the nomograms only 
include common variables such as PSA, f/tPSA, PSAD, and others. To 
our knowledge, this is a new nomogram that combines PIRADS and 
aPSADPZ. The AUCs of new model from Chang et al.14 (base model 
+ PZ-ratio + PIRADS) for predicting PCa and csPCa were 0.871 and 
0.890, respectively. In our study, the AUCs of the new model were 
0.945 and 0.937 for PCa and csPCA diagnosis, respectively. Further 
validation of the new model for diagnosing PCa indicated its excellent 

Figure 1: ROC curves of various parameters in the diagnosis of (a) PCa 
and (b) csPCa. PSA: prostate-specific antigen; PSAD: prostate-specific 
antigen density; PSADPZ: prostate-specific antigen density of peripheral 
zone; aPSADPZ: adjusted prostate-specific antigen density of peripheral 
zone; PZ-ratio: peripheral zone volume ratio; PCa: prostate cancer; csPCa: 
clinically significant prostate cancer; ROC: receiver operating characteristic; 
AUC: area under curve.

ba

Figure 2: Nomogram of two models for predicting the probability of (a) PCa and (b) csPCa. Calibration curves of these two nomograms in the diagnosis of 
(c) PCa and (d) csPCa. PSA: prostate-specific antigen; aPSADPZ: adjusted prostate-specific antigen density of peripheral zone; PIRADS: Prostate Imaging 
Reporting and Data System; PCa: prostate cancer; csPCa: clinically significant prostate cancer.

dc

ba
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performance compared with the conventional models consisting of only 
age, PSA, PV, and PSAD. First, the new model showed significantly 
higher AUCs than the base model in ROC curves. Second, the net 
benefit of the new model is higher than that of the base model for nearly 
all the probability thresholds in the decision curve analysis, which is 
more suitable for guiding clinical decision-making. Finally, we found a 
good calibration between the actual and predicted probabilities of the 
new model. Taken together, aPSADPZ and PIRADS were significant 
in predicting the occurrence of PCa, which should be combinedly used 
when building predictive models for PCa diagnosis.

Our study has several limitations. (1) This was a retrospective study 
performed at a single institution with the possible risk of selection 

bias. (2) PIRADS and aPSADPZ required MRI images; therefore, this 
model cannot be applied to patients who are unable to undergo MRI. 
(3) PIRADS scores are dependent on the experience of a radiologist, 
and may vary from physician to physician. (4) The definition of csPCa 
used in this study does not include all clinically significant diseases 
because ISUP GG1 with high tumor volume load may be significant 
and ISUP GG2 with low tumor volume load may be insignificant.

CONCLUSIONS
In summary, aPSADPZ has a higher predictive accuracy for the 
diagnosis of PCa than the conventional indicators, which may decrease 
the risk of misdiagnosis and reduce the number of unnecessary 
biopsies. The combination of aPSADPZ with PIRADS can improve 
PCa detection, increase diagnostic accuracy and avoid unnecessary 
biopsies.
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