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Background: Magnetic resonance imaging (MRI)-based risk calculators (MRI-RCs)
individualise the likelihood of clinically significant prostate cancer (csPCa) and
improve candidate selection for prostate biopsy beyond the Prostate Imaging
Reporting and Data System (PI-RADS).
Objective: To compare the Barcelona (BCN) and Rotterdam (ROT) MRI-RCs in an
entire population and according to the PI-RADS categories.
Design, setting, and participants: A prospective comparison of BCN- and ROT-RC in
946 men with suspected prostate cancer in whom systematic biopsy was per-
formed, as well as target biopsies of PI-RADS �3 lesions.
Outcome measurements and statistical analysis: Saved biopsies and undetected csPCa
(grade group �2) were determined.
Results and limitations: The csPCa detection was 40.8%. The median risks of csPCa
from BCN- and ROT-RC were, respectively, 67.1% and 25% in men with csPCa,
whereas 10.5% and 3% in those without csPCa (p < 0.001). The areas under the curve
were 0.856 and 0.844, respectively (p = 0.116). BCN-RC showed a higher net benefit
and clinical utility over ROT-RC. Using appropriate thresholds, respectively, 75%
and 80% of biopsies were needed to identify 50% of csPCa detected in men with
PI-RADS <3, whereas 35% and 21% of biopsies were saved, missing 10% of csPCa
detected in men with PI-RADS 3. BCN-RC saved 15% of biopsies, missing 2% of
csPCa in men with PI-RADS 4, whereas ROT-RC saved 10%, missing 6%. No RC saved
biopsies without missing csPCa in men with PI-RADS 5.
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Conclusions: ROT-RC provided a lower and narrower range of csPCa probabilities
than BCN-RC. BCN-RC showed a net benefit over ROT-RC in the entire population.
However, BCN-RC was useful in men with PI-RADS 3 and 4, whereas ROT-RC was
useful only in those with PI-RADS 3. No RC seemed to be helpful in men with neg-
ative MRI and PI-RADS 5.
Patient summary: Barcelona risk calculator was more helpful than Rotterdam risk
calculator to select candidates for prostate biopsy.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The early detection of prostate cancer (PCa) has evolved
towards clinically significant PCa (csPCa), avoiding unneces-
sary prostate biopsies and overdetection of insignificant
tumours. However, PCa suspicion remains based on serum
prostate-specific antigen (PSA) elevation and abnormal dig-
ital rectal examination (DRE) [1–3]. This paradigm shift has
resulted from the spread of prebiopsy multiparametric
magnetic resonance imaging (mpMRI), which grades the
likelihood of csPCa through Prostate Imaging Reporting
and Data System (PI-RADS) [4]. The negative predictive
value of mpMRI reaches 95%, which makes it possible to
avoid prostate biopsies for PI-RADS <3 [5,6]. Target biopsies
of suspicious lesions (PI-RADS �3) increase the csPCa sensi-
tivity of systematic-biopsies. However, csPCa detection
does not exceed 20% in men with PI-RADS 3, is approxi-
mately 50% in men with PI-RADS 4, and reaches 90% in
men with PI-RADS 5 [7].

MRI-predictive models individualise the likelihood of
csPCa and improve candidate selection for prostate biopsy,
although available risk calculators (RCs) and external vali-
dations are essential [8]. Among the 18 MRI-predictive
models developed in the last 5 yr, seven have been vali-
dated externally and only two RCs are available [9]. Rotter-
dam (ROT) RC was initially designed from the Rotterdam
population of the European Randomised Screening Prostate
Cancer (ERSPC) trial [10,11]. ROT MRI-RC has resulted from
an adjustment of the previous RCs 3 and 4 to predict PCa
and high-grade PCa likelihoods in biopsy-naïve men and
those with previous negative prostate biopsy, in 961 men
with serum PSA �3.0 ng/ml and/or abnormal DRE, in whom
systematic biopsy was always performed as a target biopsy
to PI-RADSv.1 �3 lesions. PI-RADSv.1 score (1–5), age (50–
75 yr), biopsy status (initial vs repeat), serum PSA (0.4–50
ng/ml), DRE (normal vs abnormal), and prostate volume
(10–110 ml) were included as predictors [12]. ROT MRI-
RC has been validated in some populations, although recal-
ibrations and risk threshold adjustments have been needed
to assure accurate predictions [13–16]. Barcelona (BCN)
MRI-RC was recently designed among 1486 men with PSA
�3.0 ng/ml and/or abnormal DRE, in whom systematic
biopsies were always performed as target biopsies to PI-
RADSv.2 �3 lesions. BCN MRI-RC has been validated exter-
nally and includes the same predictors as ROT MRI-RC with-
out range limitation, PI-RADSv.2, and PCa family history
(first degree vs no). The csPCa was defined as the Interna-
tional Society of Urologic Pathology (ISUP) grade group
�2. BCN MRI-RC has been the first predictive model anal-
ysed according to the PI-RADS categories, showing that
the efficacy in the entire population does not represents
that in each PI-RADS category. In addition, the BCN MRI-
RC has the possibility to select the appropriate threshold
for adjustments in validation studies and according to the
PI-RADS categories [17].

Owing to differences between ROT and BCNMRI-RCs, we
hypothesise different behaviour for improving candidate
selection for prostate biopsy. We aim to compare the clini-
cal usefulness of ROT and BCN MRI-RCs in a whole popula-
tion of suspected PCa men and according to each PI-RADS
category.
2. Patients and methods

2.1. Design, setting, and participants

A prospective head-to-head comparison of ROT- and BCN-RC in 946 men

with serum PSA �3.0 ng/ml and/or abnormal DRE, recruited in two aca-

demic centres from the Barcelona metropolitan area (PSM and GTiP),

between 2018 and 2021 was performed. Prebiopsy 3-Tesla mpMRI and

12-core transrectal ultrasound (TRUS) systematic biopsy were always

performed, and two- to four-core TRUS visual target biopsies were added

to PI-RADSv.2 �3 lesions. Men undergoing 5-ARIs who had previous PCa,

atypical small acinar proliferation, or high-grade prostatic intraepithelial

neoplasia with atypia were excluded. The project was approved by the

ethical committee of VHH (PR/AG-317/2017).
2.2. Intervention

The likelihoods of csPCa from ROT-RC (www.prostatecancer-riskcalcula-

tor.com) [12] and BCN-RC (https://mripcaprediction.shinyapps.io/

MRIPCaPrediction/, second tab ‘BCN2RC: MRI-based model’) [17] were

assessed. PI-RADSv.2 was introduced in both RCs as the closest value

of serum PSA, prostate volume, and age when out of the accepted range

in ROT-RC.
2.3. Clinically significant PCa definition

ROT-RC predicts high-grade PCa likelihood, defined as a Gleason score of

�3 + 4, although the current RC shows this as csPCa [13]. BCN-RC pre-

dicts csPCa risk defined as an ISUP grade group of �2 [18].
2.4. Endpoint variables

Saved prostate biopsies and missed csPCa were determined.
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Table 1 – Population characteristics

Characteristic Measurement

Number of men 946
Age (yr), median (IQR) 67 (61–72)
Total PSA (ng/ml), median (IQR) 7.4 (5.5–10.9)
Abnormal DRE, n (%) 307 (32.5)
Prostate volume (ml), median (IQR) 55 (40–79)
Prior negative prostate biopsy, n (%) 293 (31.0)
Family history of PCa, n (%) 34 (3.6%)
PI-RADS, n (%)
1–2 235 (24.8)
3 201 (21.2)
4 391 (41.3)
5 119 (12.6)

PCa detection, n (%) 521 (55.1)
csPCa detection, n (%) 386 (40.8)
csPCa detection by PI-RADS category, n (%)
<3 42 (17.9)
3 41 (20.4)
4 203 (51.9)
5 100 (84.0)

csPCa = clinically significant PCa; DRE = digital rectal examination;
IQR = interquartile range; n = number; PCa = prostate cancer; PI-
RADS = Prostate Imaging Reporting and Data System; PSA = prostate-
specific antigen.
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2.5. Statistical analysis

Quantitative variables were expressed as median and 25–75 percentiles

(interquartile range [IQR]), and qualitative variables in rates. Mann-

Witney U test and chi-square test were used to compare medians and

proportions [19,20]. The discrimination ability of csPCa was analysed

with receiver operating characteristic (ROC) curves [21]; areas under

the curve (AUCs) were compared with the test of DeLong et al [22]. Cal-

ibration curves analysed the correspondence between predictive proba-

bilities and observed occurrence of csPCa. The net benefit of RCs over

biopsying all men or none was analysed using a decision curve analysis

(DCA) [23]. Specificities corresponding to 85%, 90%, and 95% sensitivities

were assessed as their 95% confidence intervals (CIs). Clinical utility

curves (CUCs) exploring potential rates of avoided biopsies and missed

csPCa according to continuous probability of csPCa were generated

[24]. Tests with two-sided p < 0.05 were considered statistically signifi-

cant. Statistical analyses were computed using R programming language

v.4.0.3 (The R Foundation for Statistical Computing, Vienna, Austria) and

SPSS v.25 (Statistical Package for Social Sciences; IBM, San Francisco, CA,

USA).

3. Results

3.1. Population characteristics

The characteristics of participants are summarised in
Table 1. In 386 men (40.8%), csPCa was detected—17.9% in
men with PI-RADS <3, 20.4% for PI-RADS 3, 51.9% for PI-
RADS 4, and 84% for PI-RADS 5. A subset of 209 men
(22.1%) had age (129), serum PSA (18), or prostate volume
(68) out of the accepted range of ROT-RC.

3.2. Behaviour of ROT- and BCN-RC in the whole population

The median csPCa likelihood of ROT-RC was 3% (IQR: 2–10)
in men without csPCa and 25% (9–46) in men with csPCa (p
< 0.001), whereas those of BCN-RC were 10.5% (3.6–27.2)
and 67.1% (39.3–85.6), respectively (p < 0.001; Fig. 1).

The calibration curves of both RCs showed certain under-
estimation of csPCa (Fig. 2A and 2B). BCN-RC showed a
slight underestimation with a calibration in the large of
0.25 showing a minimum difference between the mean
observed and the mean predicted values, with a difference
of 1.96 for ROT-RC. The slopes were 0.81 and 1.04 for
ROT- and BCN-RC, respectively. BCN-RC showed values near
the ideal value of 1.

The discrimination ability of ROT- and BCN-RC for csPCa
is presented by ROC curves in Figure 3A. The AUCs were
0.856 (95% CI: 0.831–0.881) and 0.844 (0.819–0.869)
respectively (p = 0.116). BCN-RC showed a net benefit over
biopsying all men from a 15% probability threshold; ROT
MRI-RC showed the benefit from a 32% probability thresh-
old (Fig. 3B). CUCs showed a larger clinical utility area for
BCN-RC (Fig. 3C); additionally, the morphology and posi-
tioning of CUCs were different between the two RCs, shifted
up and to the left of ROT-RC with respect to BCN-RC. The
number of missed csPCa cases and avoided biopsies in each
threshold from 1% to 100% are presented in Supplementary
Table 1. The specificities corresponding to 85%, 90%, and
95% sensitivities of csPCa provided by both RCs are pre-
sented in Table 2. There were similar specificities at 85%
and 90% sensitivities, with 42.1% (95% CI: 38.0–46.3) for
ROT-RC and 31.8% (28.0–35.8) for BCN-RC (p < 0.001) at
95% sensitivity.

3.3. Behaviour of ROT- and BCN-RC according to the PI-RADS
categories

Violin plots of csPCa likelihoods in men with and without
csPCa, assessed with both RCs according to PI-RADSv.2 cat-
egories, show lower values and a narrow range of ROT-RC
predictions (Fig. 4A) than those from BCN-RC (Fig. 4B),
although significant differences existed between the medi-
ans of both subsets in all PI-RADS categories.

The AUC of ROT-RC in men with PI-RADS <3 was 0.776
(95% CI: 0.661–0.832), whereas the AUC of BCN-RC was
0.774 (0.697–0.850, p = 0.529; Fig. 5A). The AUCs were,
respectively, 0.836 (0.756–0.916) and 0.838 (0.761–0.914)
in men with PI-RADS 3 (p = 0.954; Fig. 5D), 0.829 (0.789–
0.869) and 0.737 (0.677–0.787) in men with PI-RADS 4 (p
< 0.001; Fig. 5G), and 0.866 (0.785–0.948) and 0.822
(0.723–0.920) in men with PI-RADS 5 (p = 0.323; Fig. 5J).

A small benefit over no-biopsy men with PI-RADS <3 was
observed in both RCs (Fig. 5B). A clear net benefit of BCN-RC
was observed over biopsying all men with PI-RADS 3 from a
10% csPCa probability, with the benefit of ROT-RC being
lower (Fig. 5E). In men with PI-RADS 4, BCN-RC showed a
net benefit over biopsying all men from a 17% csPCa proba-
bility; however, ROT-RC showed a small benefit between
50% and 75% csPCa probability (Fig. 5H). In men with PI-
RADS 5, BCN-RC showed a benefit over biopsy-all men from
38% probability of csPCa; ROT-RC exhibited a minimal ben-
efit from the 83% csPCa probability (Fig. 5K).

CUCs showed a striking behaviour of both RCs. ROT-RC
started in PI-RADS <3 with curves displaced up and to the
left, evolving with the increase of the PI-RADS category
towards the graph diagonal line; BCN-RC run through the
entire area of the graph, evolving from the top left to the
bottom right with an increase in the PI-RADS category. CUCs
of BCN-RC showed clear clinical utility in PI-RADS 3 and 4.
The number of missed csPCa cases and saved biopsies in



Fig. 1 – Violin plots of csPCa likelihoods of men without and with csPCa estimated with ROT MRI-RC and BCN MRI-RC. BCN = Barcelona; csPCa = clinically
significant prostate cancer; MRI-RC = magnetic resonance imaging–based risk calculator; ROT = Rotterdam.

Fig. 2 – Calibration curves of (A) ROT MRI-RC and (B) BCN MRI-RC. BCN = Barcelona; MRI-RC = magnetic resonance imaging–based risk calculator;
ROT = Rotterdam.
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each PI-RADS category of ROT- and BCN-RC are presented in
Supplementary Tables 2–5. The specificities of both RCs
from 85%, 90%, and 95% sensitivities in each PI-RADS cate-
gory are presented in Table 3.

As the decision of prostate biopsy is made after mpMRI,
it is appropriate to define the acceptable percentages of
missed csPCa according to each PI-RADS category [17]. CUCs
show how no RC appeared clinically helpful for PI-RADS <3
because, to identify 50% of 42 csPCa detected (5% of all
csPCa detected), 75% of men needed biopsy (18.6% of all
biopsies) with ROT-RC and 80% (20% of all biopsies) with
BCN-RC. The rate of csPCa detection in men with PI-RADS



Fig. 3 – (A) Discrimination ability of csPCa of BCN MRI-RC and ROT MRI-RC presented with ROC curves, (B) net benefit of BCN MRI-RC and ROT MRI-RC over
biopsying all men presented by DCAs, and (C) clinical utility of BCN MRI-RC and ROT MRI-RC showing the percentage of avoided biopsies and missed csPCa
according to the threshold probability of csPCa by CUCs. BCN = Barcelona; csPCa = clinically significant prostate cancer; CUC = clinical utility curve;
DCA = decision curve analysis; MRI-RC = magnetic resonance imaging–based risk calculator; ROT = Rotterdam.

Table 2 – Specificities of BCN MRI-RC and ROT MRI-RC corresponding to 85%, 90%, and 95% sensitivities for csPCa

Risk calculator Specificity (95% CI) for sensitivities of

85% p value 90% p value 95% p value

BCN MRI-RC (%) 67.3 (63.2–71.1) 0.055 52.0 (47.7–56.2) 0.392 31.8 (28.0–35.8) <0.001
ROT MRI-RC (%) 61.7 (57.5–65.7) 54.7 (50.5–58.9) 42.1 (38.0–46.3)

BCN = Barcelona; CI = confidence interval; MRI-RC = magnetic resonance imaging–based risk calculator; ROT = Rotterdam.
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3 was 20.4%, and it was acceptable to miss up to 10% of
these csPCa (5.2% of all csPCa) cases. ROT-RC saved 21% of
biopsies, whereas BCN-RC saved 35%. In men with PI-
RADS 4, BCN-RC saved 15% of biopsies (6% of all biopsies),
missing 2% of csPCa (1% of all csPCa), whereas ROT-RC saved
10% of biopsies, with 6% of csPCa remaining undetected,
which seems clinically unacceptable. Finally, in PI-RADS 5
where only 16% of biopsies were unnecessary, no RC
assured to avoid any biopsy without missing csPCa.
4. Discussion

We were surprised at how far from the ideal was the cali-
bration curve of ROT MRI-RC compared with that of BCN
MRI-RC. The most probable cause was the low and narrow
csPCa risk prediction range generated by ROT-RC mainly
located at low predicted probabilities. We also noted that
22.1% of analysed suspected PCa men showed age, serum
PSA, or prostate volume out of the accepted range of ROT
MRI-RC. This drawback, not reported until now, can be a
consequence of the strict inclusion criteria of the ERSPC trial
in which RCs 3 and 4 were initially developed [10,11]. These
limited ranges were not observed in the population of sus-
pected PCa men in whom the ROT MRI-RC was adjusted
[12], which had similar characteristics as our population
study [17].

The discrimination ability of csPCa of ROT and BCN MRI-
RCs was similar in the entire population; however, DCAs
showed a net benefit of BCNMRI-RC over ROTMRI-RC. Since
three-quarters of csPCa likelihoods predicted by ROT MRI-
RC were below 24%, there was no benefit over biopsying
all men from a threshold of >20%, and misclassification of
csPCa > 60% remained within these thresholds that are not
in the utility range [23]. In contrast, BCN MRI-RC showed a
net benefit over biopsying all men above the 15% threshold.
This threshold avoided 40% of prostate biopsies, missing 10%
of csPCa. To know the true clinical value of MRI-RCs is essen-
tial to assess their behaviour according to the PI-RADS cate-
gories, because the discrimination ability in the whole
population does not represent that of each PI-RADS [25].
ROT MRI-RC showed no benefit in men with PI-RADS <3, 4,
and 5, as did BCN MRI-RC in PI-RADS <3 and 5. BCN MRI-
RC showed a net benefit in men with PI-RADS 4, saving
between 6% and 23% of prostate biopsies and missing
between 1% and 5% of csPCa detected for risk thresholds
between 13% and 28%. In men with PI-RADS 3, ROT MRI-
RC with thresholds between 1% and 3% missed between 0%
and 12% of csPCa, saving 0.5–45% of biopsies. BCN MRI-RC
at thresholds between 1% and 11% missed between 0% and
12% csPCa, saving between 5% and 47% of biopsies.

The possible drawback of comparing both MRI-RCs in a
population from the same metropolitan area where the
BCN MRI-RC was developed, we note that csPCa detection
rate in the cohort of suspected PCa men in whom ROT
MRI-RC was adjusted was 35.8%, very close to that of
36.9% observed in the BCN MRI-RC development cohort
[13,17]. The characteristics of participants of this head-to-
head comparison were different from those of both the
development and the adjustment cohorts of BCN and ROT
MRI-RCs in terms of age, serum PSA, DRE, and csPCa detec-
tion rate of 40.8%. The close origin of this population to that
of BCN MRI-RC development did not influence the results.
Rather, we believe that the differences between BCN and



Fig. 4 – Violin plots of csPCa likelihoods, estimated from (A) ROT MRI-RC and (B) BCN MRI-RC, in men without and with csPCa according to the PI-RADS
categories. BCN = Barcelona; csPCa = clinically significant prostate cancer; MRI-RC = magnetic resonance imaging–based risk calculator; PI-RADS = Prostate
Imaging Reporting and Data System; ROT = Rotterdam.
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ROT MRI-RCs justify their different usefulness. BCN MRI-RC
predicted the likelihood of csPCa defined as grade group �2,
while ROT MRI-RC defined as Gleason �3 + 4; the age,
serum PSA, and prostate volume ranges were limited in
ROT MRI-RC and PI-RADSv.1 was used in its adjustment
cohort, whereas PI-RADSv.2 was used in the BCN MRI-RC
development cohort. The expression of csPCa likelihoods
without and with decimals in ROT and BCN MRI-RCs,
respectively, may represent any bias. A limitation of both
MRI-RCs and the present study may be that a transperineal
approach is currently recommended for prostate biopsy,
whereas a transrectal approach was used in the present
ROT MRI-RC adjustment and BCN MRI-RC development
comparative cohorts [1], which appears to improve the
overall detection of csPCa [26].

There are specific limitations of predictive models. A
developed predictive model reflects the probability of a
condition based on the characteristics at that time. How-
ever, changes arising in the same population and those from
the validation cohorts justify the need of recalibrations of
the models and adjustment of risk thresholds to ensure
accurate predictions [27,28]. BCN MRI-RC reports the nov-
elty of selecting the risk threshold that can be useful in
external validations and selecting appropriate thresholds



Fig. 5 – Discrimination ability presented by ROC curves, net benefit presented by DCAs, and clinical utility presented by CUCs, of BCN MRI-RC and ROT MRI-RC
according to the PI-RADS categories: (A–C) PI-RADS <3, (D–F) PI-RADS 3, (G–I) PI-RADS 4, and (J–L) PI-RADS 5. BCN = Barcelona; csPCa = clinically significant
prostate cancer; CUC = clinical utility curve; MRI-RC = magnetic resonance imaging–based risk calculator; PI-RADS = Prostate Imaging Reporting and Data
System; ROT = Rotterdam.
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for each PI-RADS category [17]. Real-time updating is a
great challenge for future RCs [29]. Continuous feedback
of new cases, big data integration, appropriate machine
learning algorithms, and federated networking can lead to
future RCs validated in each site and ensuring accurate
and long-lasting predictions in many places [30].
5. Conclusions

BCN and ROT MRI-RCs showed different behaviour in this
head-to-head comparative analysis. ROT MRI-RC reported
a lower and narrower range of csPCa likelihoods than BCN
MRI-RC. BCN MRI-RC presented a net benefit over ROT



Table 3 – Specificities of BCN MRI-RC and ROT MRI-RC corresponding to 85%, 90%, and 95% sensitivities for csPCa according to the PI-RADSv.2
category

Risk calculator Specificity (95% CI) for sensitivities of

85% p value 90% p value 95% p value

PI-RADS <3
BCN MRI-RC (%) 49.7 (45.5–54.0) 0.188 44.0 (39.9–48.3) 0.456 9.8 (7.6–12.7) <0.001
ROT MRI-RC (%) 53.8 (49.6–58.0) 41.7 (37.6–45.9) 24.5 (21.1–28.3)

PI-RADS 3
BCN MRI-RC (%) 78.1 (74.4–81.4) <0.001 50.6 (46.4–54.8) 0.102 15.6 (12.8–19–0) <0.001
ROT MRI-RC (%) 60.0 (55.8–64.0) 45.6 (41.4–49.8) 25.5 (22.0–29.4)

PI-RADS 4
BCN MRI-RC (%) 62.2 (58.1–66.2) <0.001 49.5 (45.3–53.7) <0.001 39.9 (32.9–41.0) <0.001
ROT MRI-RC (%) 29.7 (26.0–33.7) 20.2 (17.0–23.8) 4.6 (3.1–6.8

PI-RADS 5
BCN MRI-RC (%) 63.2 (59.0–67.1) 1.000 52.6 (48.4–56.8) 0.456 36.8 (32.9–41.0) <0.001
ROT MRI-RC (%) 63.2 (59.0–67.1) 60.5 (56.3–64.6) 52.6 (48.4–56.8)

BCN = Barcelona; CI =confidence interval; MRI-RC = magnetic resonance imaging–based risk calculator; PI-RADS = Prostate Imaging Reporting and Data System;
ROT = Rotterdam.
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MRI-RC and grater clinical utility in the entire population.
According to the PI-RADS category, BCN MRI-RC was helpful
in men with PI-RADS 3 and 4, whereas ROT MRI-RC was
helpful only in men with PI-RADS 3. No MRI-RC was helpful
in men with PI-RADS <3 and 5.
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