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Abstract 

Objectives To develop and validate a predictive model based on clinical features and multiparametric magnetic 
resonance imaging (mpMRI) to reduce unnecessary systematic biopsies (SBs) in biopsy-naïve patients with suspected 
prostate cancer (PCa).

Methods A total of 274 patients who underwent combined cognitive MRI-targeted biopsy (MRTB) with SB were 
retrospectively enrolled and temporally split into development (n = 201) and validation (n = 73) cohorts. Multivari-
able logistic regression analyses were used to determine independent predictors of clinically significant PCa (csPCa) 
on cognitive MRTB, and the clinical, MRI, and combined models were established respectively. Area under the receiver 
operating characteristic curve (AUC), calibration plots, and decision curve analyses were assessed.

Results Prostate imaging data and reporting system (PI-RADS) score, index lesion (IL) on the peripheral zone, age, 
and prostate-specific antigen density (PSAD) were independent predictors and included in the combined model. The 
combined model achieved the best discrimination (AUC 0.88) as compared to both the MRI model incorporated by PI-
RADS score, IL level, and zone (AUC 0.86) and the clinical model incorporated by age and PSAD (AUC 0.70). The com-
bined model also showed good calibration and enabled great net benefit. Applying the combined model as a refer-
ence for performing MRTB alone with a cutoff of 60% would reduce 43.8% of additional SB, while missing 2.9% csPCa.

Conclusions The combined model based on clinical and mpMRI findings improved csPCa prediction and might be 
useful in making a decision about which patient could safely avoid unnecessary SB in addition to MRTB in biopsy-
naïve patients.

Critical relevance statement The combined model based on clinical and mpMRI findings improved csPCa predic-
tion and might be useful in making a decision about which patient could safely avoid unnecessary SB in addition 
to MRTB in biopsy-naïve patients.

Key points 

• Age, PSAD, PI-RADS score, and peripheral index lesion were independent predictors of csPCa.

• Risk models were used to predict the probability of detecting csPCa on cognitive MRTB.

• The combined model might reduce 43.8% of unnecessary SBs, while missing 2.9% csPCa.
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Introduction
Prostate cancer (PCa) is the second most common cancer 
and the sixth leading cause of cancer-related deaths among 
men worldwide [1]. Multiparametric magnetic resonance 
imaging (mpMRI) allows for better identification of clini-
cally significant PCa (csPCa) and image-guided biopsy 
targeting suspicious lesions (i.e., prostate imaging data 
and reporting system, PI-RADS ≥ 3) [2]. The use of prebi-
opsy mpMRI as a triage test could reduce unnecessary 
biopsies by a quarter [3]. Meanwhile, MRI-targeted biopsy 
(MRTB) alone demonstrated noninferior detection rates 
of csPCa and decreased detection of clinically insignifi-
cant PCa (cisPCa) compared with transrectal ultrasound 
(TRUS)-guided systematic biopsy (SB) in biopsy-naïve men 
[3]. Prominent medical organizations advocate combined 
MRTB with SB in biopsy-naïve men with MRI suspicious 
lesions to minimize the incidence of missing csPCa [4, 5]. 
Nevertheless, the necessity of performing concurrent SB 
is still a matter of debate. On the one hand, the additional 
SB detected only a marginally more high-risk cancer but 
undesirable, much more cisPCa [6, 7]. On the other hand, 
the additional 10 or 12 systematic cores would increase 

patients’ pain and complication, workload of pathologists, 
and the cost of medical services [8]. Therefore, rather than 
a “one-size-fits-all” biopsy approach, optimizing the indica-
tion for performing MRTB alone thus reducing additional 
SB is appealed.

PI-RADS score may represent one of the indicators for 
avoiding additional SB among biopsy-naïve patients. It has 
been reported that SB marginally increases csPCa detec-
tion in patients with PI-RADS 5 on mpMRI and suggested 
that additional SB could be omitted in this population 
[9–13]. However, clinical decision-making is not based on 
MRI findings alone. In fact, other radiological and clini-
cal characteristics such as index lesion features, prostate-
specific antigen density (PSAD), and prostate volume (PV) 
may also have an impact on the added value of SB versus 
MRTB [14–17]. In this study, we aimed to develop and val-
idate a novel risk model based on clinical and MRI param-
eters to predict the probability of detecting csPCa on 
cognitive MRTB. Using the predictive model, we attempt 
to optimize selecting patients in which omitting SB would 
result in a negligible risk of missing csPCa, thus reducing 
the number of biopsy cores.
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Methods
Study population
This retrospective study was approved by the local Insti-
tutional Review Board (IRB), and the requirement for 
written consent was waived. Between May 2018 and June 
2022, 355 consecutive patients who underwent com-
bined targeted cognitive MRTB and SB were recruited. 
Patients were excluded for prior prostate biopsy (n = 47), 
prior prostate therapy before biopsy (n = 5), or pros-
tate mpMRI not performed at our institution (n = 29). 
Finally, 274 patients were enrolled and temporally split 
into development (n = 201, from May 2018 to May 2020) 
and validation (n = 73, from June 2020 to June 2022, 
Fig. 1) cohorts.

Prostate mpMRI examination and evaluation
All patients underwent standardized prostate mpMRI 
using a 3.0-T MRI (Magnetom Skyra, Siemens). An 
18-channel phased-array body surface coil was used. 
Routine prostate MRI included the following sequences 
[18]: (a) T2w turbo spin-echo sequences in axial—rep-
etition time (TR), 4400  ms; echo time (TE), 96  ms; 
slice thickness, 3.5 mm; and matrix, 288 × 224; (b) DWI 
sequences—TR 3200  ms; TE, 70  ms; slice thickness, 
3.5  mm; exponential b values, 0, 200, 800, and 1400  s/
mm2; and the apparent diffusion coefficient (ADC) maps 
were calculated and constructed based on two b values 
(800  s/mm2 and 0  s/mm2); and (c) DCE MRI images 
were obtained using gradient-echo T1-weighted (T1w) 
sequences in the axial plane—TR, 3.9  ms; TE, 1.9  ms; 
slice thickness, 2  mm; time resolution, 12 sections/3  s; 
and matrix 320 × 190 after i.v. of gadolinium-based 

contrast material of 0.2 ml/kg of gadopentetate dimeglu-
mine (Magnevist, Bayer Schering Pharma).

All MR images were retrospectively interpreted by two 
dedicated radiologists (X.C. with 3  years of experience 
and J.Y. with more than 5 years of experience in prostate 
mpMRI) following the PI-RADS v2.1 [18]. The two read-
ers reached a consensus and determined the PI-RADS 
categories. PV was measured on MRI (V = 0.52 × trans-
verse × anteroposterior × vertical diameter). Lesions with 
the highest PI-RADS score on mpMRI were defined as 
index lesions (IL). If there were two or more lesions with 
an equally high PI-RADS score, then the largest lesion 
was designated as the IL. Tumor focality was defined as 
solitary or multifocal. The maximum diameter (MD) of 
the IL was measured on the sequence that best defined 
the tumor. The sector most occupied by IL was desig-
nated as its location. The location of the IL was stratified 
according to the zone (peripheral or transitional zone), 
level (base, midgland, or apex), and orientation (ante-
rior or posterior). A 36-region standardized prostate 
MRI reporting scheme was used for the visualization of 
mpMRI findings to the urologist.

Prostate biopsy and pathological examination
All prostate biopsies were performed transperineally 
under local anesthesia. Firstly, with the MRI and dia-
grammatic report on a screen next to the patient, the 
ultrasound physician (D.C. with > 3  years of experience 
in targeted biopsy) scanned the prostate using transrec-
tal ultrasonography and helped direct the urologic oper-
ator (Z.L. or a nonauthor with 3  years of experience in 
targeted biopsies) to aim the biopsy target at the prostate 

Fig. 1 Flowchart showing the patient selection process. MRTB, MRI-target biopsy; mpMRI, multiparametric MRI
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area corresponding to the lesion seen on MRI. One to 
five targeted biopsy cores were obtained cognitively from 
the suspicious lesions on MRI (PI-RADS score ≥ 3). Then, 
freehand TRUS-guided standard 12 cores of SB were 
obtained by the same urologists. All specimens were 
individually labeled and reviewed by two dedicated uro-
pathologists. Gleason scores (GS) and grade groups were 
assigned for PCa according to the 2014 International 
Society of Urologic Pathology (ISUP) criteria [19]. CsPCa 
was defined as GS 3 + 4 or higher in at least one biopsy 
core.

Variable definitions and outcomes
Clinical variables included age, prostate-specific anti-
gen (PSA) level, PV, and PSAD. The mpMRI parameters 
consisted of the PI-RADS score, tumor focality, MD, 
zone, level, and orientation of the IL. MD was catego-
rized into < 0.8 cm, 0.8–1.5 cm, and ≥ 1.5 cm. The number 
of MRTB cores consists of biopsy parameters. The out-
come of interest was the detection of csPCa by cognitive 
MRTB.

Statistical analysis
The t test, Wilcoxon test, and chi-squared test were 
used to compare continuous and categorical variables. 
The detection of csPCa was analyzed on a per-patient 
level. First, we performed univariate logistic regression 
analyses of all variables to predict csPCa detection by 
MRTB. Pearson’s correlation matrix was used to assess 
multicollinearity between age, PSA, PV, and PSAD. Sec-
ondly, multivariate logistic regression analyses (MVA) 
were used to identify predictors of csPCa diagnosed at 
MRTB. There were three models constructed: (i) the clin-
ical model using clinical predictors, (ii) the MRI model 
using mpMRI predictors, and (iii) the combined model 
incorporating both independent clinical and mpMRI 
predictors. Reference strategies were avoiding or per-
forming additional SB in all biopsy-naïve patients. The 
discrimination of models was assessed by the area under 
the receiver operating characteristic curve (AUC), and 
AUC differences were evaluated using the DeLong test. 
A calibration plot was constructed to assess the model 
calibration, which refers to the agreement between the 
observed endpoints and predictions. Moreover, deci-
sion curve analysis (DCA) was used to determine the net 
clinical benefit associated with the use of the models. A 
nomogram was developed for the model with the best 
predictive performance. All statistical tests were per-
formed using SPSS version 25.0 (IBM Corp) and R statis-
tical package v.3.0.2 (R Project for Statistical Computing, 
www.r- proje ct. org). All tests were two-sided, with the 
significance level set at p < 0.05.

Results
Patient demographics
Patient characteristics including baseline clinical param-
eters, MRI, and biopsy results are summarized in Table 1. 
The prevalence of csPCa was 49.5% (100/201) and 46.6% 
(34/73) in the development and validation cohorts, 
respectively. Cognitive MRTB alone would have missed 
four cases of csPCa and underestimated one case of 
csPCa with GS 3 + 4 as GS 3 + 3 in the development 
cohort (four of them scored PI-RADS 4 and one patient 
scored PI-RADS 5) and would have missed four cases of 
csPCa in the validation cohort (one of them scored PI-
RADS 5, one patient scored PI-RADS 4, and two patients 
scored PI-RADS 3). The variables between cohorts were 
not significantly different, except for the targeted biopsy 
cores per lesion (Table 1).

Development and validation of multivariable logistic 
regression models
In the univariate analysis, age (p = 0.008), PSA level 
(p = 0.003), PV (p < 0.001), PSAD (p < 0.001), PI-RADS 
score (p < 0.001), MD (p = 0.028), zone (p < 0.001), and 
IL level (p < 0.001) were significant as single explanatory 
predictors of csPCa detection by MRTB. Tumor focal-
ity (p = 0.18), IL orientation (p = 0.161), and number of 
targeted cores per lesion (p = 0.19) were not predictive of 
csPCa detection by MRTB (all p > 0.05). Pearson’s corre-
lation matrix showed that PSAD was strongly associated 
with PSA levels (ρ = 0.78) and PV (ρ =  − 0.59). To avoid 
multicollinearity, age (odds ratio [OR] 1.63, 95% confi-
dence interval [CI] 1.15–2.30; p = 0.006) and PSAD (OR 
2.72, 95% CI 1.86–3.98; p < 0.001) were included in the 
clinical model because PSAD is a stronger predictor than 
PSA level and PV [20]. At MVA, PI-RADS score (PI-RADS 
4 OR 4.24, 95% CI 1.48–12.15; PI-RADS 5 OR 50.13, 95% 
CI 12.67–198.32; p < 0.001), IL on the peripheral zone (OR 
6.52, 95% CI 2.83–14.99; p < 0.001), and IL on the apex 
level (OR 3.48, 95% CI 1.09–11.04; p = 0.035) resulted to 
be significantly associated with the probability of detecting 
csPCa at cognitive MRTB (Table 2) and incorporated the 
MRI model. Furthermore, age (OR 2.3, 95% CI 1.42–3.72; 
p = 0.001), PSAD (OR 2.3, 95% CI 1.44–3.65; p < 0.001), 
PI-RADS score (PI-RADS 4 OR 5.17, 95% CI 1.69–15.72; 
PI-RADS 5 OR 51.58, 95% CI 11.78–225.86; p < 0.001), 
and IL on peripheral zone (OR 9.35, 95% CI 3.56–24.56; 
p < 0.001) remained independent predictor status (Table 2) 
and incorporated the combined model.

The MRI model achieved a greater AUC than the clinical 
model in both the development (AUC 0.87, 95% CI 0.82–
0.91 vs. AUC 0.75, 95% CI 0.68–0.81; p = 0.006) and valida-
tion (AUC 0.86, 95% CI 0.77–0.94 vs. AUC 0.70, 95% CI 
0.58–0.82; p = 0.038) cohorts. Compared with the clinical 

http://www.r-project.org
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model, the combined model achieved an increase in AUC 
from 0.75 to 0.91 (95% CI 0.87–0.95, p < 0.001) and from 
0.70 to 0.88 (95% CI 0.81–0.96, p = 0.001) in the develop-
ment and validation cohorts, respectively (Fig.  2). How-
ever, the combined model achieved a slight increase in 
AUC compared to the MRI model (0.88 vs. 0.86, p = 0.43) 
in the validation cohort. As shown in Additional file 1: Fig. 
S1, the three models exhibited good agreement between 
the observed and predicted outcomes in the development 
cohort. In the validation cohort, the calibration plot dem-
onstrated a superior fit of the combined model compared 
with the other two models (Fig.  3). Therefore, the com-
bined model was selected as the best-performing predic-
tion model, and a nomogram was derived from it (Fig. 4).

Decision curve analysis
In the development cohort, all three risk prediction mod-
els enabled higher net benefits than those of the “treat 

all” (avoid additional SB in all suspected patients) and 
“treat none” (perform concurrent SB in all suspected 
patients) approaches at risk thresholds between 10 and 
80% (Fig.  5a). Meanwhile, the net benefits of the com-
bined model outperformed those of the other two models 
at risk thresholds between 20 and 90%. In the validation 
cohort, the combined model enabled the highest net ben-
efit at a risk threshold between 50 and 65% (Fig. 5b). A 
systematic analysis of the net benefits of the risk predic-
tion models at a risk threshold between 50 and 90% is 
presented in Additional file 1: Table S1. Decision curves 
for the entire range of risk thresholds (50–100%) are 
shown in Additional file 1: Fig. S2.

Table  3 shows the absolute number of SBs reduced 
versus csPCa detected and missed by MRTB using 
different biopsy strategies. At a risk threshold of 60%, 
88 of 201 (43.8%) and 32 of 73 (43.8%) patients were 
advised to avoid additional SB, leaving one of 100 (1%) 

Table 1 Patient demographics including baseline clinical parameters, MRI, and biopsy results of the development and validation 
cohorts

GS Gleason score, PI-RADS Prostate Imaging Reporting and Data System, PSA prostate-specific antigen, PSAD prostate-specific antigen density

Variable Development cohort (n = 201) Validation cohort (n = 73) p

No. of patients 201 73 –

Time period (month/year) 05/2018 to 05/2020 06/2020 to 06/2022

Age (years) 66.1 ± 9.16 67.3 ± 8.44 0.344

PSA (ng/ml) 10.3 (6.5–14.9) 12.4 (7.4–16.5) 0.063

Volume (ml) 37.2 (29.1–54.0) 43.4 (30.5–62.2) 0.189

PSAD (ng/ml2) 0.24 (0.16–0.42) 0.28 (0.17–0.39) 0.53

Diameter (mm) 1.4 (1.1–1.8) 1.4 (1.0–1.8) 0.226

Targeted cores per lesion 3.5 ± 1.33 2.7 ± 1.10  < 0.001

Biopsy results

 No cancer 87 (43.3%) 33 (45.2%) 0.873

 GS 3 + 3 14 (7.0%) 6 (8.2%)

 GS ≥ 3 + 4 100 (49.5%) 34 (46.6%)

PI-RADS score

 3 52 25 0.387

 4 91 30

 5 58 18

Solitary/multifocal 128/73 44/29 0.672

Orientation

 Anterior 112 42 0.891

 Posterior 89 31

Level

 Base 41 16 0.959

 Mid 105 37

 Apex 55 20

Zone

 Peripheral 86 37 0.273

 Transitional 115 36
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and one of 34 (2.9%) patients with csPCa missed using 
the combined model in the development and validation 
cohorts, respectively. Conversely, performing MRTB 
only in men with PI-RADS category 5 lesions would 
have reduced unnecessary SBs in 58 of 201 (28.9%) 
patients and 18 of 73 (24.7%) patients, leaving 2 of 100 
(2%) and 1 of 34 (2.9%) patients with csPCa missed in 
the development and validation cohorts, respectively. 
A representative case with mpMRI and the biopsy out-
come is shown in Fig. 6.

Discussion
Recently, upfront mpMRI has been utilized as a triage test 
for men with low-suspicion MRI to avoid biopsy, while 
those with suspicious lesions on MRI would undergo 
only MRTB [21]. However, clinical decision-making can-
not be based on MRI findings alone. Clinical features, 
such as PSA, PSAD, ethnicity, family history of PCa, 
biopsy history, and digital rectal examination findings, 

are also important for decision-making. In this study, we 
developed and validated a combined model that incorpo-
rated both clinical and mpMRI characteristics to predict 
the probability of detecting csPCa by cognitive MRTB. 
We found that the combined model achieved the best 
discrimination compared with both the clinical model 
including age and PSAD, and the MRI model including 
PI-RADS score, zone, and level of IL. The models were 
well calibrated in internal and external validation, with 
decision analysis showing that the use of the combined 
model in practice would improve clinical decision-mak-
ing about avoiding additional SBs in biopsy-naïve men.

MRTB was reported to be superior to SB in detecting 
csPCa in older patients (> 50  years) [22]. A higher MRI 
suspicion level (analogous to PI-RADS 4 and 5) was asso-
ciated with the detection rate of csPCa or high-grade PCa 
by MRTB [23]. Kuhlmann et  al. found that an anterior 
or apical lesion location favors better PCa capture on 
targeted biopsies [24]. Wibulpolprasert et  al. described 

Fig. 2 Receiver operating characteristic (ROC) curves of the risk prediction models for the development (a) and validation (b) cohorts. Model 
1 = clinical model, model 2 = MRI model, and model 3 = combined model. AUC, area under the ROC curve

Fig. 3 Calibration plots of the risk prediction models when applied to the validation cohort. a Clinical model. b MRI model. c Combined model
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a significantly greater sensitivity of mpMRI for periph-
eral zone tumors than for transitional zone tumors [25]. 
In the present study, age, PSAD, PI-RADS score, and IL 
in the peripheral zone were independent predictors of 
csPCa on cognitive MRTB, and a combined predictive 
model was developed accordingly. It had significantly 
superior discrimination compared with the clinical 
model but only a slight increase in the AUC compared 
with the MRI model in our validation cohort. A larger 

number of patients included in the validation cohort 
would be expected to achieve an even greater benefit in 
favor of the combined model.

Our study design allows us to quantify model robust-
ness to temporal dynamics using a temporal data split. 
However, temporal heterogeneity has been reported to 
affect the calibration and clinical applicability of risk-
prediction models [26]. In the validation cohort, the 
combined model was best calibrated but did not always 

Fig. 4 Nomogram combined model. Nomogram predicting the probability of detecting csPCa by cognitive MRTB for biopsy-naïve patients. PSAD, 
prostate-specific antigen density; PI-RADS, Prostate Imaging Reporting and Data System; TZ, transitional zone; PZ, peripheral zone

Fig. 5 Decision curves of the risk prediction models for the development (a) and validation cohorts (b). Model 1 = clinical model, model 2 = MRI 
model, and model 3 = combined model. The risk thresholds range from 0 to 100%
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Table 3 Systematic biopsies reduced versus csPCa detected and/or missed by cognitive MRTB in the development and validation 
cohorts using different biopsy strategies

Note: Data in percentages are percentages of all performed additional systematic biopsies or all clinically significant prostate cancers (csPCas) detected by cognitive 
MRI-target biopsy

PI-RADS Prostate Imaging Reporting and Data System, MRTB MRI-targeted biopsy, SB systematic biopsy

Threshold Models The development cohort (n = 201) The validation cohort (n = 73)

No. of SB 
performed

No. of SB 
reduced

No. csPCa 
detected by 
MRTB

No. csPCa 
missed by 
MRTB

No. of SB 
performed

No. of SB 
reduced

No. csPCa 
detected by 
MRTB

No. csPCa 
missed by 
MRTB

50% Clinical 105 (52.2%) 96 (47.8%) 99 (99%) 1 (1%) 53 (72.6%) 20 (27.4%) 32 (94.1%) 2 (5.9%)

MRI 98 (48.8%) 103 (51.2%) 98 (98%) 2 (2%) 39 (53.4%) 34 (46.6%) 33 (97.1%) 1 (2.9%)

Advanced 106 (52.7%) 95 (47.3%) 98 (98%) 2 (2%) 41 (56.2%) 32 33 (97.1%) 1 (2.9%)

60% Clinical 105 (52.2%) 96 (47.8%) 99 (99%) 1 (1%) 53 (72.6%) 20 (27.4%) 32 (94.1%) 2 (5.9%)

MRI 108 (53.7%) 93 (46.3%) 98 (98%) 2 (2%) 39 (53.4%) 34 (46.6%) 33 (97.1%) 1 (2.9%)

Advanced 113 (56.2%) 88 (43.8%) 99 (99%) 1 (1%) 41 (56.2%) 32 (43.8%) 33 (97.1%) 1 (2.9%)

70% Clinical 156 (77.6%) 45 (22.4%) 99 (99%) 1 (1%) 53 (72.6%) 20 (27.4%) 32 (94.1%) 2 (5.9%)

MRI 129 (64.2%) 72 (35.8%) 98 (98%) 2 (2%) 39 (53.4%) 34 (46.6%) 33 (97.1%) 1 (2.9%)

Advanced 130 (64.7%) 71 (35.3%) 99 (99%) 1 (1%) 48 (65.8%) 25 (34.2%) 33 (97.1%) 1 (2.9%)

80% Clinical 187 (93.0%) 14 (7.0%) 100 (100%) 0 (0%) 53 (72.6%) 20 (27.4%) 32 (94.1%) 2 (5.9%)

MRI 175 (87.1%) 26 (12.9%) 100 (100%) 0 (0%) 48 (65.8%) 25 (34.2%) 33 (97.1%) 1 (2.9%)

Advanced 137 (68.2%) 64 (31.8%) 99 (99%) 1 (1%) 48 (65.8%) 25 (34.2%) 33 (97.1%) 1 (2.9%)

90% Clinical 201 (100%) 0 (0%) 100 (100%) 0 (0%) 53 (72.6%) 20 (27.4%) 32 (94.1%) 2 (5.9%)

MRI 177 (88.1%) 24 (11.9%) 100 (100%) 0 (0%) 52 (71.2%) 21 (28.8%) 33 (97.1%) 1 (2.9%)

Advanced 164 (81.6%) 37 (18.4%) 100 (100%) 0 (0%) 49 (67.1%) 24 (32.9%) 33 (97.1%) 1 (2.9%)

– PI-RADS 5 143 (71.1%) 58 (28.9%) 98 (98%) 2 (2%) 55 (75.3%) 18 (24.7%) 33 (97.1%) 1 (2.9%)

Fig. 6 MR images in a 63-year-old man with a prostate-specific antigen (PSA) level of 7.39 ng/ml. The prostate volume measured by MRI 
was 42.42 ml, and the PSA density was 0.174 ng/ml2. Multiparametric MRI demonstrated a lesion measuring 1.1 cm in the left posterior peripheral 
zone midgland (arrow) and ill-defined margins on T2-weighted images with severe restricted diffusion and early contrast enhancement; Prostate 
Imaging Reporting and Data System (PI-RADS) category 4. On subsequent cognitive MRI-target biopsy, all 3 targeted cores demonstrated Gleason 
score (GS) 4 + 5 with maximum tumor core involvement of 57%. Five out of 12 systematic biopsy (SB) cores were positive for prostate cancer 
with the highest GS 4 + 5 and maximum tumor core involvement of 26%. At a risk threshold of 60%, both the MRI model (predicted risk: 67.6%) 
and the combined model (predicted risk: 65.6%) would have resulted in obviating SB. The predicted risk for the clinical model was 35.7%. The 
patient would have undergone unnecessary SB based on the clinical model and PI-RADS 5 strategy. ADC, apparent diffusion coefficient; DWI, 
diffusion-weighted imaging; DCE, dynamic contrast-enhanced; T2w, T2-weighted imaging



Page 10 of 12Cheng et al. Insights into Imaging            (2024) 15:3 

have the best clinical utility. At the 50–65% cutoff, the 
combined model was superior to both the clinical and 
MRI models in terms of net benefit. However, the DCA 
curve of the combined model drifted, and its net benefit 
was sometimes inferior to that of the MRI model beyond 
this threshold range. Reasons from the urologist selecting 
patients for biopsy to improving technical standards of 
prostate mpMRI and increasing expertise in the interpre-
tation of prostate mpMRI and targeted biopsy techniques 
may result in temporal performance drifts of prediction 
models [27].

Currently, not all men benefit from SB biopsy in addi-
tion to MRTB because the additional 10–12 cores may 
certainly increase costs, patient pain, and complications 
[9], as mentioned previously. An increasing number of 
recent studies have suggested that additional SB could be 
omitted in select patients such as men with PI-RADS 5 
lesions [9–13]. In Deniffel et al.’s study, a biopsy strategy 
where additional SB is omitted in men with PI-RADS 5 
and/or prior negative biopsy would avoid excess biopsy 
in 58% and cisPCa diagnosis in 3% of men while missing 
csPCa in only 2% [11]. Other studies aimed to explore 
the different clinical and mpMRI parameters. Tafuri et al. 
reported that in the subgroup of patients with PI-RADS 
score 5 and PSAD > 0.15, the added value of SB to soft-
ware registration fusion MRTB in detection csPCa was 
only 4% [10]. Barletta et  al. focused on the volume of 
IL at mpMRI and found that only 15% of men with PI-
RADS 3 lesions and volume > 1.2 ml and 29% of men with 
PI-RADS 4 lesions and volume > 0.6 ml obtained a mar-
ginal benefit from the addition of SB in terms of csPCa 
detection (~ 4%) [28]. Although in-bore or software reg-
istration fusion would be an ideal approach of MRTB 
for allowing better visualization and sampling of smaller 
lesions, cognitive fusion targeting implemented with 
significant experience could achieve similar accuracy in 
csPCa detection [29]. Meanwhile, the main meta-analy-
sis also failed to demonstrate a significant advantage of 
any MRTB technique over others with regard to csPCa 
detection [30]. Along with those previous studies using 
software fusion MRTB, our pilot retrospective study 
using cognitive targeting also demonstrated that addi-
tional SB could be safely avoided in selected patients 
in terms of diagnostic purposes [10, 28]. In the present 
study, the strategy of performing cognitive MRTB alone 
in PI-RADS 5 biopsy-naïve patients would result in a 
28% and 24.7% reduction in unnecessary SBs, while miss-
ing 2% and 2.9% csPCa in the development and valida-
tion cohorts, respectively. Besides, the combined model 
incorporated both clinical and mpMRI characteristics 
achieved greater net benefit and would help clinical deci-
sion-making comprehensively. With a risk threshold set 
at 60%, 43.8% of patients with very high risk (greater than 

60%) of detecting csPCa on MRTB would be advised to 
avoid SB both in the development and validation cohorts. 
Accordingly, a total of 1440 systematic cores would be 
saved at the expense of missing only two cases of csPCa.

The findings from this study and the literature sup-
port the premise of performing MRTB alone in selected 
men. However, it remains critical to relate these risks to 
the patient’s preferences and willingness to compromise 
between the decreased cost, pain, and complications due 
to reduced biopsy cores and the potential risk of missing 
csPCa because of inaccurate targeted sampling. This may 
result in the need for repeated prostate biopsies. Mean-
while, the optimal patient selection strategies should con-
sider a clinical scenario of specific treatment approaches 
(e.g., focal therapy or operative planning), where addi-
tional SB may implicit the presence of multifocal PCa 
[9, 31]. Other studies that argue in favor of additional 
SB have suggested a complementary prognostic role of 
SB for adverse pathological features and prognosis after 
treatment (e.g., extracapsular extension, biochemical 
recurrence) [32, 33] but are limited by the fact that they 
did not consider PI-RADS scores, one of the main pre-
dictors of PCa aggressiveness [11].

The present study had several limitations. Firstly, we 
just focused on the primary outcome of detection of 
csPCa but did not consider SB added value in terms of 
disease upgrading on radical prostatectomy. There-
fore, our results should be considered for diagnostic 
purposes only. We acknowledge that SBs still play an 
important role in patients’ risk assessment and in some 
specific clinical scenarios. Secondly, the predictive mod-
els were contemporarily validated in the same hospital 
with a small sample size; thus, their performance remains 
unclear when applied to other clinical centers. Further 
prospective multicenter validation is justified to test our 
observations. Thirdly, cognitive confusion instead of soft-
ware-based co-registration MRTB was performed in the 
study, even though the operators had significant clinical 
experience. Hence, the results should be cautiously con-
sidered and might not be generalizable to other cohorts.

Conclusion
In this study, we developed a novel risk model that inte-
grates clinical and mpMRI findings including age, PSAD, 
PI-RADS score, and IL zone to predict the probability 
of detecting csPCa by cognitive MRTB. The predictive 
model might be useful in making a decision about which 
patient could safely avoid unnecessary SB in addition to 
MRTB in biopsy-naïve patients and may offer the best 
compromise between the risk of missing csPCa, biopsy 
complications, and medical burden. Further perspective 
and multicenter study are required to validate the model’s 
performance and applicability.



Page 11 of 12Cheng et al. Insights into Imaging            (2024) 15:3  

Abbreviations
AUC   Area under receiver operator characteristic curve
CI  Confidence interval
cisPCa  Clinically insignificant prostate cancer
csPCa  Clinically significant prostate cancer
DCA  Decision cure analysis
GS  Gleason score
IL  Index lesion
ISUP  International Society of Urologic Pathology
MD  Maximum diameter
MRTB  MRI-targeted biopsy
mpMRI  Multiparametric magnetic resonance imaging
PCa  Prostate cancer
PI-RADS  Prostate Imaging-Reporting and Data System
PSA  Prostate-specific antigen
PSAD  Prostate-specific antigen density
PV  Prostate volume
ROC  Receiver operator characteristic curve
SB  Systematic biopsy
TRUS  Transrectal ultrasound

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13244- 023- 01544-0.

Additional file 1: Fig. S1. Calibration plots of risk prediction models when 
applied to the development cohort: (A) clinical model, (B) MRI model, 
(C) combined model. Fig. S2. Decision curves of risk prediction models 
for development cohort (A) and validation cohort (B). Model 1=clinical 
model, Model 2=MRI model, Model 3=combined model. The risk thresh-
olds range from 50%-100%. Table S1. Net benefits of the clinical model, 
the MRI model and the combined model determined in the development 
cohort and the validation cohort using decision curve analysis. 

Authors’ contributions
Y.C., D.C., and Z.L. performed the material preparation and data collection. X.C. 
and J.X. performed the data interpretation and statistical analyses under the 
supervision of J.Y. X.C. wrote the manuscript. B.S. and J.Y. reviewed and edited 
the manuscript. All authors read and approved the final manuscript.

Funding
This study has received funding from the China Postdoctoral Science Founda-
tion (2023M732436), the Postdoctoral Foundation of West China Hospital of 
Sichuan University (2023HXBH003), the Key Program of the Science and Tech-
nology Bureau of Sichuan (2022YFS0218), and the 1.3.5 project for disciplines 
of excellence, West China Hospital of Sichuan University (ZYGD22004).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding authors upon reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Ethics Committee of West China Hospital, 
Chengdu, China; written informed consent was waived by the institutional 
review board.

Consent for publication
The selected pictures of sample cases have the personal consent form of each 
patient.

Competing interests
Bin Song is a Deputy Editor for Insights Into Imaging. He has not taken part in 
the review or selection process of this article.
The remaining authors declare that they have no competing interests.

Author details
1 Department of Radiology, West China Hospital of Sichuan University, No. 37 
Guoxue Street, Chengdu 610041, Sichuan, China. 2 Functional and Molecular 
Imaging Key Laboratory of Sichuan Province, West China Hospital of Sichuan 
University, Chengdu, Sichuan, China. 3 Department of Ultrasound, Sichuan 
Cancer Hospital, Chengdu, Sichuan, China. 4 Department of Ultrasound, West 
China Hospital of Sichuan University, Chengdu, Sichuan, China. 5 Department 
of Urology, West China Hospital of Sichuan University, Chengdu, Sichuan, 
China. 6 Department of Radiology, Sanya People’s Hospital, Sanya, Hainan, 
China. 

Received: 3 May 2023   Accepted: 21 October 2023

References
 1. Culp MB, Soerjomataram I, Efstathiou JA, Bray F, Jemal A (2020) Recent 

global patterns in prostate cancer incidence and mortality rates. Eur Urol 
77:38–52

 2. Bjurlin MA, Meng X, Le Nobin J et al (2014) Optimization of prostate 
biopsy: the role of magnetic resonance imaging targeted biopsy in 
detection, localization and risk assessment. J Urol 192:648–658

 3. Ahmed HU, El-Shater Bosaily A, Brown LC et al (2017) Diagnostic accuracy 
of multi-parametric MRI and TRUS biopsy in prostate cancer (PROMIS): a 
paired validating confirmatory study. Lancet 389:815–822

 4. Elkhoury FF, Felker ER, Kwan L et al (2019) Comparison of targeted vs 
systematic prostate biopsy in men who are biopsy naive: the Prospective 
Assessment of Image Registration in the Diagnosis of Prostate Cancer 
(PAIREDCAP) study. JAMA Surg 154:811–818

 5. Mottet N, van den Bergh RCN, Briers E et al (2021) EAU-EANM-ESTRO-
ESUR-SIOG Guidelines on Prostate Cancer-2020 update. part 1: screening, 
diagnosis, and local treatment with curative intent. Eur Urol 79:243–262

 6. Siddiqui MM, Rais-Bahrami S, Truong H et al (2013) Magnetic resonance 
imaging/ultrasound–fusion biopsy significantly upgrades prostate 
cancer versus systematic 12-core transrectal ultrasound biopsy. Eur Urol 
64:713–719

 7. Siddiqui MM, Rais-Bahrami S, Turkbey B et al (2015) Comparison of MR/
ultrasound fusion–guided biopsy with ultrasound-guided biopsy for the 
diagnosis of prostate cancer. JAMA 313:390–397.

 8. Wegelin O, Exterkate L, van der Leest M et al (2019) Complications and 
adverse events of three magnetic resonance imaging-based target 
biopsy techniques in the diagnosis of prostate cancer among men with 
prior negative biopsies: results from the FUTURE trial, a multicentre 
randomised controlled trial. Eur Urol Oncol 2:617–624

 9. Neale A, Stroman L, Kum F et al (2020) Targeted and systematic cognitive 
freehand-guided transperineal biopsy: is there still a role for systematic 
biopsy? BJU Int 126:280–285

 10. Tafuri A, Iwata A, Shakir A et al (2021) Systematic biopsy of the prostate 
can be omitted in men with PI-RADS 5 and prostate specific antigen 
density greater than 15. J Urol 206:289–297

 11. Deniffel D, Perlis N, Ghai S et al (2022) Prostate biopsy in the era of MRI-
targeting: towards a judicious use of additional systematic biopsy. Eur 
Radiol 32:7544–7554

 12. Cheng X, Xu J, Chen Y et al (2021) Is additional systematic biopsy neces-
sary in all initial prostate biopsy patients with abnormal MRI? Front Oncol 
11:643051

 13. Arabi A, Deebajah M, Yaguchi G et al (2019) Systematic biopsy does 
not contribute to disease upgrading in patients undergoing targeted 
biopsy for PI-RADS 5 lesions identified on magnetic resonance imag-
ing in the course of active surveillance for prostate cancer. Urology 
134:168–172

 14. Walton Diaz A, Hoang AN, Turkbey B et al (2013) Can magnetic reso-
nance-ultrasound fusion biopsy improve cancer detection in enlarged 
prostates? J Urol 190:2020–2025

 15. Shakir NA, George AK, Siddiqui MM et al (2014) Identification of threshold 
prostate specific antigen levels to optimize the detection of clinically 
significant prostate cancer by magnetic resonance imaging/ultrasound 
fusion guided biopsy. J Urol 192:1642–1648

 16. de Gorski A, Rouprêt M, Peyronnet B et al (2015) Accuracy of magnetic 
resonance imaging/ultrasound fusion targeted biopsies to diagnose 

https://doi.org/10.1186/s13244-023-01544-0
https://doi.org/10.1186/s13244-023-01544-0


Page 12 of 12Cheng et al. Insights into Imaging            (2024) 15:3 

clinically significant prostate cancer in enlarged compared to smaller 
prostates. J Urol 194:669–673

 17. Muthigi A, George AK, Sidana A et al (2017) Missing the mark: prostate 
cancer upgrading by systematic biopsy over magnetic resonance imag-
ing/transrectal ultrasound fusion biopsy. J Urol 197:327–334

 18. Weinreb JC, Barentsz JO, Choyke PL, Cornud F, Verma S (2015) PI-RADS 
prostate imaging - reporting and data system: 2015, version 2. Eur Urol 
69:16–40

 19. Epstein JI, Egevad L, Amin MB et al (2016) The 2014 International Society 
of Urological Pathology (ISUP) consensus conference on gleason grading 
of prostatic carcinoma: definition of grading patterns and proposal for a 
new grading system. Am J Surg Pathol 40:244–252

 20. Boesen L, Thomsen FB, Nørgaard N et al (2019) A predictive model based 
on biparametric magnetic resonance imaging and clinical parameters for 
improved risk assessment and selection of biopsy-naïve men for prostate 
biopsies. Prostate Cancer Prostatic Dis 22:609–616

 21. Schoots IG, Padhani AR, Rouviere O, Barentsz JO, Richenberg J (2020) 
Analysis of magnetic resonance imaging-directed biopsy strategies for 
changing the paradigm of prostate cancer diagnosis. Eur Urol Oncol 
3:32–41

 22. Stabile A, Dell’Oglio P, Soligo M et al (2021) Assessing the clinical value 
of positive multiparametric magnetic resonance imaging in young men 
with a suspicion of prostate cancer. Eur Urol Oncol 4:594–600

 23. Meng X, Rosenkrantz AB, Mendhiratta N et al (2016) Relationship 
between prebiopsy multiparametric magnetic resonance imaging (MRI), 
biopsy indication, and MRI-ultrasound fusion-targeted prostate biopsy 
outcomes. Eur Urol 69:512–517

 24. Kuhlmann PK, Chen M, Luu M et al (2022) Predictors of disparity between 
targeted and in-zone systematic cores during transrectal MR/US-fusion 
prostate biopsy. Urol Oncol 40:162.e161–162.e167

 25. Wibulpolprasert P, Raman SS, Hsu W et al (2020) Influence of the location 
and zone of tumor in prostate cancer detection and localization on 3-T 
multiparametric MRI based on PI-RADS version 2. AJR Am J Roentgenol 
214:1101–1111

 26. Van Calster BA-O, McLernon DA-O, van Smeden MA-O, Wynants L, Stey-
erberg EA-O (2019) Calibration: the Achilles heel of predictive analytics. 
BMC Med 17:230

 27. Verbeek JFM, Nieboer D, Steyerberg EW, Roobol MJ (2021) Assessing a 
patient’s individual risk of biopsy-detectable prostate cancer: be aware of 
case mix heterogeneity and a priori likelihood. Eur Urol Oncol 4:813–816

 28. Barletta F, Mazzone E, Stabile A et al (2022) Assessing the need for 
systematic biopsies in addition to targeted biopsies according to the 
characteristics of the index lesion at mpMRI. Results from a large, multi-
institutional database. World J Urol 40:2683–2688

 29. Wysock JS, Rosenkrantz AB, Huang WC et al (2014) A prospective, blinded 
comparison of magnetic resonance (MR) imaging-ultrasound fusion and 
visual estimation in the performance of MR-targeted prostate biopsy: the 
PROFUS trial. Eur Urol 66:343–351

 30. Wegelin O, van Melick HHE, Hooft L et al (2017) Comparing three dif-
ferent techniques for magnetic resonance imaging-targeted prostate 
biopsies: a systematic review of in-bore versus magnetic resonance 
imaging-transrectal ultrasound fusion versus cognitive registration. Is 
there a preferred technique? Eur Urol 71:517–531

 31. Nassiri N, Chang E, Lieu P et al (2018) Focal therapy eligibility deter-
mined by magnetic resonance imaging/ultrasound fusion biopsy. J Urol 
199:453–458

 32. Soeterik TFW, van Melick HHE, Dijksman LM et al (2022) Development 
and external validation of a novel nomogram to predict side-specific 
extraprostatic extension in patients with prostate cancer undergoing 
radical prostatectomy. Eur Urol Oncol 5:328–337

 33. Ohori M, Kattan MW, Koh H et al (2004) Predicting the presence and side 
of extracapsular extension: a nomogram for staging prostate cancer. J 
Urol 171:1844–1849 (discussion 1849)

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Development and validation of a predictive model based on clinical and MpMRI findings to reduce additional systematic prostate biopsy
	Abstract 
	Objectives 
	Methods 
	Results 
	Conclusions 
	Critical relevance statement 
	Key points 

	Introduction
	Methods
	Study population
	Prostate mpMRI examination and evaluation
	Prostate biopsy and pathological examination
	Variable definitions and outcomes
	Statistical analysis

	Results
	Patient demographics
	Development and validation of multivariable logistic regression models
	Decision curve analysis

	Discussion
	Conclusion
	Anchor 22
	References


