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Abstract

Purpose To validate the Barcelona-magnetic resonance imaging predictive model (BCN-MRI PM) for clinically significant
prostate cancer (csPCa) in Catalonia, a Spanish region with 7.9 million inhabitants. Additionally, the BCN-MRI PM is vali-
dated in men receiving 5-alpha reductase inhibitors (5-ARI).

Materials and methods A population of 2,212 men with prostate-specific antigen serum level > 3.0 ng/ml and/or a suspi-
cious digital rectal examination who underwent multiparametric MRI and targeted and/or systematic biopsies in the year
2022, at ten participant centers of the Catalonian csPCa early detection program, were selected. 120 individuals (5.7%)
were identified as receiving 5-ARI treatment for longer than a year. The risk of csPCa was retrospectively assessed with the
Barcelona-risk calculator 2 (BCN-RC 2). Men undergoing 5-ARI treatment for less than a year were excluded. CsPCa was
defined when the grade group was >2.

Results The area under the curve of the BCN-MRI PM in 5-ARI naive men was 0.824 (95% CI 0.783—0.842) and 0.849
(0.806—0.916) in those receiving 5-ARI treatment, p 0.475. Specificities at 100, 97.5, and 95% sensitivity thresholds were to
2.7,29.3, and 39% in 5-ARI naive men, while 43.5, 46.4, and 47.8%, respectively in 5-ARI users. The application of BCN-
MRI PM would result in a reduction of 23.8% of prostate biopsies missing 5% of ¢csPCa in 5-ARI naive men, while reducing
25% of prostate biopsies without missing csPCa in 5-ARI users.

Conclusions The BCN-MRI PM has achieved successful validation in Catalonia and, notably, for the first time, in men
undergoing 5-ARI treatment.
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Introduction follow-up [2]. Fifteen years later a higher than 20% decrease

in specific PCa mortality remains based on the early detec-

Prostate cancer (PCa) is the most common malignant neo-
plasm and the third leading cause of cancer death in men
worldwide [1]. In 2009, the European Randomised Screen-
ing Prostate Cancer (ERSPC) trial reported a decrease
in PCa-specific mortality in men subjected to screening
compared to those of the control arm after seven years of
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tion and treatment of clinically significant PCa (csPCa)
[3]. As consequence, the focus of early detection of PCa
has evolved to csPCa. This paradigm shift has been made
possible through the widespread use of prostatic magnetic
resonance imaging (MRI), which is employed to select can-
didates for prostate biopsy and perform targeted biopsies of
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suspicious lesions identified as having csPCa through MRI
pinpointing [4]. Despite these advancements, uncertain sce-
narios with excessive unnecessary prostate biopsies and
overdetection of insignificant tumors (iPCa) remain. Cur-
rent predictive models, based on the prostate imaging report
and data system (PI-RADS) and clinical data, have emerged
as leading tools to improve the efficacy of csPCa diagnostic
approaches [5]. The European Association of Urology cur-
rently advocates risk-stratified pathways for csPCa screen-
ing, based on predictive models [6].

The Barcelona MRI-predictive model (BCN-MRI PM)
was developed to predict individual probabilities of csPCa
in 1,486 men with suspected PCa who underwent pre-
biopsy multiparametric MRI (mpMRI) followed by targeted
and/or systematic biopsies, and the web app BCN-risk cal-
culator 2 (BCN-RC 2) was designed. This development was
conducted at a single institution and subsequently externally
validated in a cohort of 946 men from two other institutions
in the metropolitan area of Barcelona. Men treated with
S-alpha reductase inhibitors (5-ARI) were excluded from
the development and external validation cohorts due to their
known impact on serum PSA levels and prostate volume [7].
The performance of the BCN-RC 2 was superior to that of
the Rotterdam MRI-RC in the external validation cohort [8].

Symptomatic benign prostatic hyperplasia (BPH) is a
highly prevalent condition at the age when PCa screening
is recommended. This results in many men with suspected
PCa receiving medical treatment, being 5-ARIs used for
alleviating voiding symptoms and preventing disease pro-
gression [9]. It is known the effect of 5-ARIs in PCa preven-
tion, especially in low-grade tumors [10, 11], which resulted
in a relative increase in high-grade PCa detection without
consequences on PCa mortality [12]. The role of 5-ARIs in
preventing the progression of low-grade PCa on active sur-
veillance is currently under discussion [13].

Our main objective is to validate the BCN-MRI PM in
Catalonia, a Spanish region with 7.9 million inhabitants.
Additionally, considering that some men suspected of hav-
ing PCa undergo 5-ARI treatment, a secondary objective is
to validate the BCN-MRI PM in this specific cohort.

Methods
Design, participants, and setting

This is a retrospective study for the validation of the BCN
MRI-PM in 2,212 suspected PCa men who underwent
mpMRI and prostate biopsy between January 1, and Decem-
ber 31, 2022, in ten participant centres of the Catalonian
sPCa early detection programme. Among them, 120 (5.4%)
were found to be receiving 5-ARI treatment for longer than
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one year. Twelve men undergoing 5-ARI treatment less than
one year were previously excluded for the study.

Diagnostic pathway of csPCa

SPCa carly detection program of Catalonia is an opportu-
nistic program existing from the year 2010. Serum PSA
testing is offered or demanded by men to general practi-
tioners or urologist at the primary health system, as DRE
unfrequently. When serum PSA is higher than 3.0 ng/mL
or an abnormal DRE is detected, men are referred to the
sPCa early detection office, usually attended by the urolo-
gists who perform prostate biopsies, in hospital centers. PCa
suspicion is verified by repeating serum PSA measurement,
an specialized DRE performed, specific anamnesis of PCa
family history and previous negative prostate biopsy and
MRI requested. Finally, PCa will be detected and treatment
strategy or appropriate follow up suggested. Men under
special conditions, as BCRA mutations, are accepted in the
sPCa early detection office, following a structured pathway.

Men suspected of having PCa are subjected to 1.5 or 3.0
Tesla mpMRI, currently reported with the PI-RADS v2.1
by experienced radiologists in each participant center. Pros-
tate biopsy was carried out in men with suspicious lesions
detected in mpMRI (PI-RADS score>3) and those with
PI-RADS score<2 but having any data suggesting at high
risk of PCa as PSA density > 0.15, previous negative biopsy
with increased PSA, and others considered.

Two to 4-core transrectal ultrasound (TRUS)-MRI image
fusion-targeted biopsies of suspicious lesions and 12-core
systematic biopsies were always performed in men with
PI-RADS>3. Only 12-core systematic biopsies were per-
formed in those men with PI-RADS score<2 who were
considered for a prostate biopsy. Fusion MRI-TRUS image
was achieved using cognitive or commercial software tech-
niques. Prostate biopsy procedures were performed through
the transrectal or transperineal route by experienced urolo-
gists without specific criteria, besides the recommenda-
tion of transperineal route from 2019. Biopsy material was
referred to each local pathology department where experi-
enced uropathologists diagnosed csPCa when the Interna-
tional Society of Urologic Pathology (ISUP) grade group
was two or higher [14].

Intervention

The probability of csPCa was assessed through the BCN-
RC 2, available at the web application link https://mripca-
prediction.shinyapps.io/MRIPCaPrediction/. The predictive
variables utilized by the BCN-RC 2 are, age (years), first
degree PCa family history (no vs. yes), type of biopsy (ini-
tial vs. repeated), serum PSA level (ng/ml), DRE (normal
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vs. suspicious), MRI prostate volume (cc), and PI-RADS
v.2.1 (1-5). The probability of sPCa was the endpoint vari-
able of the study.

Ethical considerations

This study received the approval from the ethical commit-
tee of the coordinating center (PRAG-02/2020), and it was
support by the Instituto de Salut Carlos III and the European
Union (PI2020/01666). All participants signed informed
consent.

Statistical analysis

Quantitative variables were described as median and inter-
quartile range (25-75 percentiles), and qualitative vari-
ables as percentages. Descriptive variables were compared
with the Mann-Whitney U test and the Chi-square test.
Calibration of the predictive model was assessed in non-
SARI naive men and 5-ARI users. Discrimination power
was determined using the receiver operating characteristic
(ROC) curves and the area under the curve (AUC) which
were compared with the DeLong test. The clinical utility of
the models was determined using the clinical utility curve
(CUC) that explored the potential rates of missed csPCa
detection and the avoidable prostate biopsies. Specificities
of 100, 97.5, and 95% sensitivity thresholds were analysed.
The net benefit of using the BCN-RC 2 for prostate biopsy
candidate’s over biopsying men with positive mpMRI was
analyzed with decision curve analysis (DCA). Significant

differences were considered when the p value was <0.05.
Transparent reporting of a multivariable prediction model
for individual prognosis or diagnosis (TRIPOD) statements
were followed. Statistical analyses were computed using R
programming language v.4.0.3 (The R Foundation for Sta-
tistical Computing, Vienna, Austria) and SPSS v.24 (IBM,
statistical package for social sciences, San Francisco, US).

Results
Characteristics of the study population

The characteristics of 2,212 suspected PCa men included
in this study, and those corresponding to 2,092 5-ARI
naive men and 120 who were undergoing 5-ARI treatment
are summarized and compared in Table 1. The median
age ranged from 68 years in 5-ARI naive to 72 in 5-ARI
users, p<0.001. The median serum PSA levels were 7.3
and 8.0 ng/ml, respectively, p 0.107. The median prostate
volumes were 53 and 69 cc, respectively, p<0.001. The
rates of abnormal DRE were 26.8 and 35.0%, respectively,
p=0.057. The rates of PCa family history were 8.1 and
4.2%, respectively, p 0.160. The rates of repeated biopsies
were 31.4 and 36.7%, respectively, p 0.228.

MpMRI was performed in a 3.0 Tesla scanner in 70.3%
of 5-ARI naive men and 65.0% of 5-ARI users, p 0.216.
The distribution of PI-RADS categories in 5-ARI naive men
corresponded to PI-RADS <3 in 15.3%, to 3 in 20.5%, to 4
in 43.2%, and to 5 in 21.0%, compared to 12.5%, 16.7%,

Table 1 Descriptive characteristics of the overall study population and comparison according to the 5-ARI exposure

Characteristic Overall population 5-ARI naive 5-ARI users p Value
Number of men, (%) 2,212 2,092 (94.6) 120 (5.7) -
Median age (IQR), years 68 (62-73) 68 (62-73) 72 (68-76) <0.001
Median PSA (IQR), ng/ml 7.3 (5.3-11.0) 7.3 (5.3-11.0) 8.0 (5.0-13.0) 0.107
Suspicious DRE, n (%) 603 (27.3) 561 (26.8) 42 (35.0) 0.057
Repeated biopsy, n (%) 701 (31.7) 657 (31.4) 44 (36.7) 0.228
PCa family history, (%) 174 (7.9) 169 (8.1) 5(4.2) 0.160
Median Prostate volume (IQR), cc 53 (39-75) 53 (38-74) 69 (49-97) <0.001
PSA density, ng/ml/cc 0.14(0.09-0.13) 0.14 (0.09-0.22) 0.12 (0.08-0.21) 0.025
3.0 Tesla mpMRI, n (%) 1,549 (70.0) 1,471 (70.3) 78 (65.0) 0.216
PI-RADS score, n (%)

<2 335(15.1) 320 (15.3) 15 (12.5) 0.328

3 449 (20.3) 429 (20.5) 20 (16.7)

4 960 (43.4) 903 (43.2) 57 (47.5)

5 468 (21.2) 440 (21.0) 28 (23.3)
Software fusion MRI-TRUS image technique, n (%) 1,375 (62.2) 1,303 (62.3) 72 (60.0) 0.384
Transperineal prostate biopsy route, n (%) 988 (44.7) 943 (45.1) 45 (37.5) 0.104
Overall PCa, n (%) 1,402 (63.4) 1,336 (63.9) 66 (55.0) 0.052
csPCa, n (%) 986 (44.6) 935 (44.7) 51(42.5) 0.706
iPCa, n (%) 416 (18.8) 401 (19.2) 15 (12.5) 0.072

5-ARI: 5-alpha reductase inhibitor; IQR: interquartile range; PSA: prostate-specific antigen; DRE: digital rectal examination; PCa: prostate
cancer; PI-RADS: Prostate imaging-report and data system; csPCa: clinically significant PCa; iPCa: insignificant PCa
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47.5% and 23.3%, respectively, p 0.328. The MRI-TRUS
fusion image technique was cognitive in 45.1% of 5-ARI
naive men and 37.5% of 5-ARI users, p 0.384. Prostate
biopsy was made through transperineal route in 62.3% of
5-ARI naive men, and 60.0% of 5-ARI users, p 0.104.

Overall PCa was detected in 1,402 men (63.4%), being
986 with csPCa (44.6) and 416 (18.8%) with iPCa. Over-
all PCa was detected in 1,336 (63.9%) 5-ARI naive men,
and 66 (55%) 5-ARI users, p 0.052. CsPCa was detected in
935 (44.7%) 5-ARI naive men and 51(42.5%) SARI users,
p 0.706. IPCa were detected in 401(19.2%) 5-ARI men and
15 (12.5%) 5-ARI users, p 0.072.

Calibration of the BCN-MRI predictive model in
5-ARI naive men and 5-ARl users

Calibration curves of the BCN-MRI PM in 5-ARI naive men
and 5-ARI users are presented in Supplementary Fig. 1A
and 1B respectively. A small overdetection of csPCa at low
predicted probability of csPCa and a small down detection
in predicted probabilities over 50% in 5-ARI naive men is
observed, being the adjustment of the calibration curve to
the ideal curve slowly better in 5-ARI users.

Discrimination ability, clinical efficacy, and net
benefit of the BCN-MRI predictive model for csPCa
detection in 5-ARI naive men and 5-ARI users

ROC curves of predicted probabilities of csPCa from the
BCN-MRI PM are presented in Fig. 1A and B. The AUC in
5-ARI naive men was 0.824 (95% CI 0.783-0.842), while
0.848 (0.806-0.916) in 5-ARI users, p 0.157.

Specificities corresponding to 100, 97.5, and 95% thresh-
olds sensitivity in 5-ARI naive men and 5-ARI users are
presented in Table 1B and 1E. We note that 17.3% of pros-
tate biopsies would be avoided using the BCN-MRI PM,
missing 2.5% of sPCa in 5-ARI naive men, while in 5-ARI
users 25% of prostate biopsies would be avoided without
missing sPCa. The rates of avoided prostate biopsies and
its corresponding missing rate of csPCa in continuous
threshold (0 to 100%) are presented in CUCs in both 5-ARI
naive men and 5-ARI users, Supplementary Fig. 2A and 3B
respectively.

The net benefit of applying the BCN-MRI PM instead
of biopsy all men, analyzed from DCAs performed in both
5-ARI naive men and 5-ARI users are presented in Fig. 1C
and E respectively.

The discrimination ability of the BCN-MRI PM for
csPCa observed in the present validation cohort of 5-ARI
naive men and 5-ARI users is aligned with that observed
previously in 5-ARI naive men in the BCN-MRI PM
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development cohort and the external validation in the met-
ropolitan area of Barcelona [7], Supplementary Table 1.

Discussion

External validation of predictive models is mandatory in
populations where they are going to be implemented [15].
The BCN-RC 2 is a user-friendly web app risk calculator
designed from the BCN-MRI PM for the individual assess-
ment of csPCa risk in men suspected of having PCa after
mpMRI. This tool also has the option to select the thresh-
old for the appropriate selection of candidates for prostate
biopsy [7]. The BCN-MRI PM has been successfully vali-
dated in Catalonia, a region with 7.9 million inhabitants.
Additionally, the BCN-MRI PM has been validated in men
with suspected PCa receiving 5-ARI treatment for symp-
tomatic BPH. This marks the first instance of validation for
an MRI predictive model for csPCa detection in men under-
going 5-ARI treatment.

The validation of BCN-MRI PM in 5-ARI naive men
aligns with the previous validation conducted in the Barce-
lona metropolitan area [7]. The exclusion of twelve men with
5-ARI treatment less than a year was based on the progres-
sive effect on serum PSA between six and twelve months,
and the small number of cases [16—18]. Regarding the per-
formance of BCN-MRI PM in men with symptomatic BPH
treated with 5-ARI, we observed a calibration slightly better
than that in 5-ARI naive men. The discrimination ability of
BCN-MRI PM for csPCa in 5-ARI treated men was slightly
superior to that observed in 5-ARI naive men. Using the
100% sensitivity threshold, the BCN-MRI PM was able to
avoid 25% of prostate biopsies. In contrast the BCN-MRI
PM could avoid 17.3% using the 97.5% sensitivity thresh-
old and 23.8% using the 95% sensitivity threshold.

We were surprised to observe similar median serum PSA
level in 5-ARI naive men compared to those of men under-
going 5-ARI treatment. This is a shared concern aligned
with the findings other studies reporting comparable serum
PSA levels in 5-ARI users and 5-ARI naive individuals at
the time of prostate biopsy [16, 17]. In the recently reported
PROstate Mri Outcome Database (PROMOD) study, which
includes 705 men receiving 5-ARI treatment and 6,913
5-ARI naive men, the median serum PSA levels were
respectively 6.0 and 6.5 ng/ml respectively. Although a sig-
nificant difference between both median values was found,
the PSA serum level in 5-ARI users was notably distant
from the expected half of the serum PSA level observed in
5-ARI naive men [18]. This contrast with the recommenda-
tion for closely monitoring serum PSA level after the nadir
following one year of 5-ARI treatment, and stablishing
PCa suspicion based on a confirmed increase of serum PSA
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Fig. 1 Discrimination ability, clinical efficacy, and net benefit of the BCN-MRI PM for the detection of csPCa in 5-ARI naive suspected PCa men

(A-C) and in those receiving 5-ARI treatment (D-F)

levels higher than 0.3 ng/ml [19]. An awareness for patients
exposed to 5-ARI treatment requires a close monitoring of
serum PSA level to prevent the delay in diagnosing high-
grade PCa which still appears necessary [20].

The MRI in Primary Prostate Cancer after Exposure to
Dutasteride (MAPPED) study was designed to investigate
the radiological effects of six month’s exposure to dutaste-
ride on low-grade PCa volume [21]. Preliminary data sug-
gested that dutasteride is associated with an increase in the
tumour apparent diffusion coefficient (ADC) and reduced
visibility of the tumour on diffusion weighted imaging

(DWI), without affecting T2 sequences of mpMRI [21-23].
Starobinets et al. have suggested an enhanced discrimina-
tion of mpMRI between the areas with tumours and those
with benign tissue located in the peripheral zone [24]. The
effect of 5-ARI exposure on the PI-RADS category and its
corresponding detection of csPCa and iPCa in men with sus-
pected PCa has been poorly analyzed [16, 17, 25]. Recently,
Falagio et al. observed that exposure to 5-ARIs does not
affect the association of PI-RADS score with csPCa,
although a higher rate of high-grade PCa was detected in
5-ARI users with PI-RADS 5 [18].
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Limitations of our study can be attributed to its retro-
spective design and the used criteria for defining csPCa,
which may not fully reflect the final pathology through
the entire prostate gland. The successful validation in the
early sPCa in Catalonia, does not mean a validation in a
conventional screening program. Regarding 5-ARI users
it would be necessary to consider a follow up of negative
biopsies. However, it’s important to acknowledge inherent
constraints associated with predictive models exists. These
models evaluate individual probabilities of a condition
based on the characteristics of development cohort. Given
that MRI is reported according to the PI-RADS score, the
effectiveness of MRI predictive models should be analyzed
regarding these scores to identify scenarios in which they
are most useful [26]. Predictive models face challenges due
to ongoing changes in the characteristics of populations
where they are implemented, often necessitating recalibra-
tions and readjustments to maintain accuracy [27]. Achiev-
ing real-time updates of predictive models poses a challenge
for the future risk calculators [28]. Establishing a continu-
ous feedback loop that involves new cases, employs appro-
priate machine learning algorithms, and utilizes federated
networks can pave the way for risk calculators that undergo
continuous updates at each participant site, ensuring their
ongoing accuracy [29].

Conclusions

The BCN-MRI PM, developed for the individual assess-
ment of csPCa probability in prostate biopsy of suspected
PCa men has undergone successful validation in the popula-
tion of Catalonia. Moreover, this model has also been vali-
dated in men suspected of having PCa who undergo 5-ARI
treatment due to symptomatic BPH. The BCN-MRI PM
is deemed ready for use in all men with suspected PCa in
Catalonia.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s00345-
024-05092-0.

Author contributions Conceptualization: JM, AB-F, LME. Methodol-
ogy: NP, JM-R, NP, XR-P, MVM-R, AC, GG-deM, PS, IMA. Formal
analysis and investigation: JM, AB-F, LME, BM. Writing - original
draft preparation: JM. Writing - review and editing: AB-F, LME. Fund-
ing acquisition: JM. All authors read and approved the final manu-
script.

Funding This research was supported by the Instituto de Salut Carlos
III (SP) and the European Union (P120/01666).

Open Access Funding provided by Universitat Autonoma de Barce-
lona.

@ Springer

Data availability The data presented in this study are available on
request from the corresponding author.

Code Availability Not applicable.

Declarations

Ethics approval and consent to participate This study received the ap-
proval from the ethical committee of Vall d"Hebron Hospital (PRAG-
02/2020). Written informed consent was obtained from all subjects
involved in the study.

Consent to participate Not applicable.

Conflict of interest The authors (JM, AB-F, LME, NP, JM-R, NP, XR-
P, MVM-R, AC, GG-deM, BM, PS, IMA) have no conflicts of interest
to declare.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,
Jemal A, Bray F (2021) Global Cancer statistics 2020: GLOBO-
CAN estimates of incidence and Mortality Worldwide for 36 can-
cers in 185 countries. CA Cancer J Clin 71:209-249

2. Schroder FH, Hugosson J, Roobol MJ, Tammela TL, Ciatto S,
Nelen V, Kwiatkowski M, Lujan M, Lilja H, Zappa M, Denis
LJ, Recker F, Berenguer A, Maattanen L, Bangma CH, Aus G,
Villers A, Rebillard X, van der Kwast T, Blijenberg BG, Moss
SM, de Koning HJ, Auvinen A (2009) Screening and prostate-
cancer mortality in a randomized European study. N Engl J Med
360:1320-1328

3. Franlund M, Mansson M, Godtman RA, Aus G, Holmberg E,
Kollberg KS, Lodding P, Pihl CG, Stranne J, Lilja H, Hugosson J
(2022) Results from 22 years of Followup in the Géteborg Ran-
domized Population-based prostate Cancer screening trial. J Urol
208:292-300

4. Van Poppel H, Albreht T, Basu P, Hogenhout R, Collen S, Roobol
M (2022) Serum PSA-based early detection of prostate cancer
in Europe and globally: past, present, and future. Nat Rev Urol
19:562-572

5. Van Poppel H, Roobol MJ, Chapple CR, Catto JWF, N’Dow J,
Senksen J, Stenzl A, Wirth M (2021) Prostate-specific Antigen
Testing as Part of a risk-adapted early detection strategy for pros-
tate Cancer: European Association of Urology Position and rec-
ommendations for 2021. Eur Urol 80:703-711

6.  Van Poppel H, Hogenhout R, Albers P, van den Bergh RCN, Bar-
entsz JO, Roobol MJ (2021) A European model for an organised


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00345-024-05092-0
https://doi.org/10.1007/s00345-024-05092-0

World Journal of Urology

(2024) 42:393

Page70f8 393

10.

11.

12.

13.

14.

15.

16.

17.

18.

risk-stratified early detection Programme for prostate Cancer. Eur
Urol Oncol 4:731-739

Morote J, Borque-Fernando A, Triquell M, Celma A, Regis L,
Escobar M, Mast R, de Torres IM, Semidey ME, Abascal JM,
Sola C, Servian P, Salvador D, Santamaria A, Planas J, Esteban
LM, Trilla E (2022) The Barcelona Predictive Model of clinically
significant prostate Cancer. Cancers (Basel) 14:1589

Morote J, Borque-Fernando A, Triquell M, Campistol M, Servian
P, Abascal JM, Planas J, Méndez O, Esteban LM, Trilla E (2023)
Comparison of Rotterdam and Barcelona Magnetic Resonance
Imaging Risk Calculators for Predicting clinically significant
prostate Cancer. Eur Urol Open Sci 53:46-54

Jacobsen SJ, Girman CJ, Lieber MM (2001) Natural history of
benign prostatic hyperplasia. Urology 58:5-16

Thompson IM, Goodman PJ, Tangen CM, Lucia MS, Miller GJ,
Ford LG, Lieber MM, Cespedes RD, Atkins JN, Lippman SM,
Carlin SM, Ryan A, Szczepanek CM, Crowley JJ, Coltman CA
(2003) The influence of finasteride on the development of pros-
tate cancer. N Engl J Med 349:215-224

Andriole GL, Bostwick DG, Brawley OW, Gomella LG, Mar-
berger M, Montorsi F, Pettaway CA, Tammela TL, Teloken C,
Tindall DJ, Somerville MC, Wilson TH, Fowler IL, Rittmaster
RS, and REDUCE SG (2010) Effect of dutasteride on the risk of
prostate cancer. N Engl J Med 362:1192—-1202

Thompson IM, Goodman PJ, Tangen CM, Parnes HL, Minasian
LM, Godley PA, Lucia MS, Ford LG (2013) Long-term survival
of participants in the prostate cancer prevention trial. N Engl J
Med 369:603-610

Goldberg H, Klaassen Z, Chandrasekar T, Fleshner N (2018) Pre-
venting clinical progression and need for treatment in patients on
active surveillance for prostate cancer. Curr Opin Urol 28:46-54
Epstein JI, Egevad L, Amin MB, Delahunt B, Srigley JR, Hum-
phrey PA, Grading C (2016) The 2014 International Society of
Urological Pathology (ISUP) Consensus Conference on Glea-
son Grading of Prostatic Carcinoma: Definition of Grading Pat-
terns and Proposal for a New Grading System. Am J Surg Pathol
40:244-252

Triquell M, Campistol M, Celma A, Regis L, Cuadras M, Planas
J, Trilla E, Morote J (2022) Magnetic resonance imaging-based
predictive models for clinically significant prostate Cancer: a sys-
tematic review. Cancers (Basel) 14:4747

Kim JK, Lee HJ, Hwang SI, Choe G, Kim HJ, Hong SK (2019)
The effect of 5 alpha-reductase inhibitor therapy on prostate can-
cer detection in the era of multi-parametric magnetic resonance
imaging. Sci Rep 9:17862

Wang Z, Wang K, Ong HY, Tsang WC, Wu QH, Chiong E (2023)
5-alpha reductase inhibitors and MRI prostates: actively reducing
prostate sizes and ambiguity. BMC Urol 23:61

Falagario UG, Lantz A, Jambor I, Busetto GM, Bettocchi C,
Finati M, Ricapito A, Luzzago S, Ferro M, Musi G, Totaro A,
Racioppi M, Carbonara U, Checcucci E, Manfredi M, D’Aietti
D, Porcaro AB, Nordstrom T, Bjornebo L, Oderda M, Soria F,
Taimen P, Aronen HJ, Perez IM, Ettala O, Marchioni M, Sim-
one G, Ferriero M, Brassetti A, Napolitano L, Carmignani L,
Signorini C, Conti A, Ludovico G, Scarcia M, Trombetta C, Claps
F, Traunero F, Montanari E, Boeri L, Maggi M, Del Giudice F,
Bove P, Forte V, Ficarra V, Rossanese M, Mucciardi G, Pagliarulo
V, Tafuri A, Mirone V, Schips L, Antonelli A, Gontero P, Cormio
L, Sciarra A, Porpiglia F, Bassi P, Ditonno P, Bostrom PJ, Messina

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

E, Panebianco V, De Cobelli O, Carrieri G, and PROMOD SG
(2023) Diagnosis of prostate cancer with magnetic resonance
imaging in men treated with 5-alpha-reductase inhibitors. World
J Urol 41:2967-2974

Marberger M, Freedland SJ, Andriole GL, Emberton M, Pettaway
C, Montorsi F, Teloken C, Rittmaster RS, Somerville MC, Castro
R (2012) Usefulness of prostate-specific antigen (PSA) rise as a
marker of prostate cancer in men treated with dutasteride: lessons
from the REDUCE study. BJU Int 109:1162-1169

Chang LW, Wang SS, Yang CK, Lu K, Chen CS, Cheng CL,
Hung SC, Chiu KY, Hsu CY, Li JR (2023) Risk analysis of pros-
tate Cancer Development following five-alpha reductase inhibi-
tor treatment for benign prostate Hyperplasia. Anticancer Res
43:485-491

Moore CM, Robertson NL, Jichi F, Damola A, Ambler G, Giganti
F, Ridout AJ, Bott SR, Winkler M, Ahmed HU, Arya M, Mitra
AV, McCartan N, Freeman A, Jameson C, Castro R, Gambarota
G, Whitcher BJ, Allen C, Kirkham A, Emberton M (2017) The
Effect of Dutasteride on magnetic resonance imaging defined
prostate Cancer: MAPPED-A Randomized, Placebo Controlled,
double-blind clinical trial. J Urol 197:1006-1013

Giganti F, Moore CM, Robertson NL, McCartan N, Jameson
C, Bott SRJ, Winkler M, Gambarota G, Whitcher B, Castro R,
Emberton M, Allen C, Kirkham A (2017) MRI findings in men
on active surveillance for prostate cancer: does dutasteride make
MRI visible lesions less conspicuous? Results from a placebo-
controlled, randomised clinical trial. Eur Radiol 27:4767-4774
Giganti F, Gambarota G, Moore CM, Robertson NL, McCartan
N, Jameson C, Bott SRJ, Winkler M, Whitcher B, Castro-Santa-
maria R, Emberton M, Allen C, Kirkham A (2018) Prostate can-
cer detection using quantitative T2 and T2 -weighted imaging: the
effects of 5-alpha-reductase inhibitors in men on active surveil-
lance. J Magn Reson Imaging 47:1646—1653

Starobinets O, Kurhanewicz J, Noworolski SM (2017) Improved
multiparametric MRI discrimination between low-risk prostate
cancer and benign tissues in a small cohort of Sa-reductase inhib-
itor treated individuals as compared with an untreated cohort.
NMR Biomed 30:e3696

Forte V, Cavallo AU, Bertolo R, de Soccio V, Sperandio M, Bove
P, Ciccariello M (2021) PI-RADS score v.2 in predicting malig-
nancy in patients undergoing So-reductase inhibitor therapy.
Prostate Cancer Prostatic Dis 24:150-155

Morote J, Borque-Fernando A, Triquell M, Esteban LM, Trilla E
(2022) The true utility of Predictive models based on magnetic
resonance imaging in selecting candidates for prostate biopsy.
Eur Urol Open Sci 42:40-41

Diniz MA (2022) Statistical methods for validation of predictive
models. J Nucl Cardiol 29:3248-3255

Nandi A, Xhafa F (2022) A federated learning method for real-
time emotion state classification from multi-modal streaming.
Methods 204:340-347

Strobl AN, Vickers AJ, Van Calster B, Steyerberg E, Leach RJ,
Thompson IM, Ankerst DP (2015) Improving patient prostate
cancer risk assessment: moving from static, globally-applied
to dynamic, practice-specific risk calculators. J Biomed Inf
56:87-93

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer



393 Page 8 of 8 World Journal of Urology (2024) 42:393

Authors and Affiliations

Juan Morote'2® . Angel Borque-Fernando? - Luis M. Esteban® - Natalia Picola’ - Jesus Mufoz-Rodriguez® -
Nahuel Paesano?’ - Xavier Ruiz-Plazas® - Marta V. Mufioz-Rivero® - Ana Celma' - Gemma Garcia-de Manuel° -
Berta Miré'" - José M. Abascal’? - Pol Servian'3

>4 Juan Morote 6 Department of Urology, Hospital Universitari Parc Tauli,
juan.morote@vallhebron.cat Sabadell, Spain

Department of Urology, Vall d"Hebron Hospital, Barcelona, Clinica Creu Blanca, Barcelona, Spain

Spain Department of Urology, Hospital Universitari Joan XXIII,

Department of Surgery, Universitat Autonoma de Barcelona, Tarragona, Spain
Bellaterra, Spain Department of Urology, Hospital Universitari Arnau de

Department of Urology, Hospital Universitario Miguel Vilanova, Lleida, Spain
Servet, IIS-Aragon, Zaragoza, Spain Department of Urology, Hospital Universitari Josep Trueta,

Department of Applied Mathematics, Escuela Universitaria Girona, Spain

Politécnica La Almunia, Universidad de Zaragoza, Zaragoza, Unit of Statistics and Bioinformatics, Vall d"Hebron
Spain Research Institute, Barcelona, Spain

Department of Urology, Hospital Universitari de Bellvitge,
Hospitalet de Llobregat, Spain 13

Department of Urology, Parc de Salut Mar, Barcelona, Spain

Department of Urology, Hospital Germans Trias i Pujol,
Badalona, Spain

@ Springer


http://orcid.org/0000-0002-2168-323X

	﻿External validation of the barcelona magnetic resonance imaging predictive model for detecting significant prostate cancer including men receiving 5-alpha reductase inhibitors
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Design, participants, and setting
	﻿Diagnostic pathway of csPCa
	﻿Intervention
	﻿Ethical considerations
	﻿Statistical analysis

	﻿Results
	﻿Characteristics of the study population
	﻿Calibration of the BCN-MRI predictive model in 5-ARI naïve men and 5-ARI users
	﻿Discrimination ability, clinical efficacy, and net benefit of the BCN-MRI predictive model for csPCa detection in 5-ARI naïve men and 5-ARI users

	﻿Discussion
	﻿Conclusions
	﻿References


