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RESUMEN






INTRODUCCION

El cancer de prostata (PCa) es la neoplasia maligna mas frecuentemente diagnosticada
en varones y la tercera causa de mortalidad por cancer. Su sospecha se establece a partir
de la elevacion sérica del antigeno prostatico especifico (PSA) y/o de un tacto rectal
(DRE) sospechoso, mientras que el diagnostico se confirma a través de la biopsia
prostatica. El paradigma del diagnodstico precoz del PCa ha cambiado gracias a la
introduccion de la resonancia magnética (MRI) y de las biopsias dirigidas a las lesiones
sospechosas de cancer clinicamente significativo (csPCa). Actualmente, el diagnostico
precoz de PCa se focaliza en la maxima deteccion de csPCa, reduccion de biopsias
innecesarias y sobredeteccion de PCa insignificantes (iPCa). La biopsia prostatica
dirigida se indica cuando existen lesiones sospechosas de csPCa identificadas en la MRI,
mediante el Prostate Imaging-Reporting and Data System (PI-RADS) igual o superior a
3, obteniendo entre dos y cuatro muestras de cada una y siempre complementada por la
clasica biopsia sistematica que obtiene entre 10 y 12 muestras. Recientemente se ha
recomendado sustituir el abordaje transrectal por el transperineal para reducir las
complicaciones infecciosas y el consumo de antibidticos. Sin embargo, la proporcion de
biopsias innecesarias sigue siendo elevada, especialmente en escenarios inciertos como
el PI-RADS 3. La Asociacion Europea de Urologia (EAU) recomienda aplicar modelos
predictivos de csPCa, basados en MRI y datos clinicos (MRI-PM) para mejorar la
seleccion de candidatos a biopsia prostatica, siendo el MRI-PM de Barcelona (BCN-MRI
PM) el mas eficaz en nuestro medio, aunque fue desarrollado y validado utilizando el PI-
RADS v 2.0 y biopsias prostaticas realizadas por via transrectal, excluyendo pacientes

tratados con inhibidores de la 5-alfa reductasa (5-ARI).

Después de una amplia revision de la literatura hemos identificado algunos aspectos que
pueden optimizar el diagndstico precoz del csPCa: 1) Utilizar la lectura experta de la MRI,
i1) Desarrollar modelos predictivos para limitar la realizacion de biopsias sistematicas, iii)
Utilizar una plataforma apropiada para realizar la biopsia prostatica transperineal con
fusion de imagenes (MRI-TRUS) y un protocolo de saturacion de lesiones sospechosas y
areas perilesionales, y iv) Validar el BCN-MRI PM en pacientes tratados con 5-ARI,
clasificados con el PI-RADS v 2.1, y utilizando un protocolo de biopsia por saturacion de

las lesiones sospechosas y areas perilesionales por via transperineal.
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HIPOTESIS

La presente tesis plantea la hipdtesis de que una estrategia diagnostica integrada
basada en la interpretacion experta de la resonancia magnética prostatica, la utilizacién
de modelos predictivos basados en MRI, el abordaje transperineal y la realizacion de
biopsias dirigidas mediante un protocolo de saturacion de las lesiones sospechosas y areas
perilesionales permite optimizar el diagnostico precoz del cancer de prostata clinicamente
significativo, aumentando su deteccion y reduciendo las biopsias innecesarias y el
sobrediagndstico de tumores clinicamente insignificantes. Asimismo, se postula que el
modelo predictivo BCN-MRI PM mantiene su capacidad discriminativa y su utilidad
clinica cuando se aplica en pacientes tratados con inhibidores de la 5-alfa reductasa,
evaluados mediante la clasificacion PI-RADS v2.1 y sometidos a biopsia prostatica por
via transperineal utilizando un protocolo de saturacion de lesiones sospechosas y areas

perilesionales.

OBJETIVO PRINCIPAL

Optimizar el diagnostico precoz del cancer de prostata clinicamente significativo
mediante la evaluacion de una estrategia diagnostica integrada basada en la interpretacion
experta de la resonancia magnética prostatica, la utilizacion de modelos predictivos
basados en MRI, el abordaje transperineal y la biopsia dirigida mediante protocolos de
saturacion de las lesiones sospechosas y areas perilesionales, asi como mediante la

validacion del modelo predictivo BCN-MRI PM en distintos escenarios clinicos.

OBJETIVOS SECUNDARIOS

1. Analizar el impacto clinico de la lectura experta de la MRI y limitar las biopsias

sistematicas a partir de un modelo predictivo.

2. Comparar la efectividad de la biopsia prostatica, realizada por via transrectal y

transperineal, para detectar csPCa

3. Comparar la eficacia de un protocolo de biopsia dirigida por saturacion (mapping cada

0.5 mm) a las lesiones sospechosas y areas perilesionales frente al protocolo actualmente
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recomendado, analizando ademas la utilidad clinica de las plataformas de fusion MRI-

TRUS empleadas en el abordaje transperineal para la deteccion de csPCa.

4. Validar el BCN-MRI PM en pacientes tratados con 5-ARI, clasificados con el PI-
RADS v 2.1, utilizando la via transperineal y un protocolo de biopsia dirigida por
saturacion ( mapping cada 0.5 mm) a las lesiones sospechosas y areas perilesionales en

una plataforma apropiada.

METODOLOGIA

Esta tesis doctoral se presenta como un compendio de nueve publicaciones. Los
estudios se basaron en andlisis retrospectivos y prospectivos de una cohorte multicéntrica
reportada por 10 centros participantes del programa de cribado oportunistico de csPCa
de Cataluia, ademds de una revision sistemdtica. En las seis primeras publicaciones se

analizaron los siguientes aspectos para optimizar el diagnostico precoz del csPCa:

1. El impacto clinico de la lectura experta de la MRI (PI-RADS v 2.1) en una serie
prospectiva de 222 biopsias prostaticas realizadas en el centro de diagnostico Cruz Blanca

de Barcelona.

2. El desarrollo de un modelo predictivo, para limitar la utilizacion de las biopsias
sistematicas, a partir de las variables predictoras independientes obtenidas en 2.122
varones sometidos a biopsia prostatica dirigida y sistematica seleccionados entre 3.557
varones con sospecha de PCa reportados prospectivamente en 10 centros participantes

del programa de cribado oportunistico de csPCa de Cataluiia.

3. La comparacion de la biopsia prostatica transrectal y transperineal para detectar el
csPCa. Este estudio se realizd en un grupo pareado de 650 casos seleccionados a partir
de una cohorte de 4.029 casos reclutados en el programa de cribado oportunistico de

csPCa de Catalufia en los que se utilizé el mismo protocolo de biopsia prostatica.

4. El impacto clinico de la aplicacion de un protocolo de biopsia transperineal dirigida
por saturacion (mapping cada 0.5 mm) de la lesion indice y su area perilesional. Se tratd
de un estudio prospectivo que incluy6 309 varones con sospecha de PCa biopsiados en el

centro diagnostico Cruz Blanca de Barcelona.
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5. La comparacién entre un protocolo de biopsia prostatica transperineal, dirigida por
saturacion (mapping cada 0.5 mm) a las lesiones sospechosas y areas perilesionales y
habitualmente recomendado, que obtiene entre dos y cuatro muestras de cada lesion. Este
estudio se realizdé en un grupo pareado de 261 casos seleccionados a partir de 1.161
varones con sospecha de PCa biopsiados prospectivamente en cuatro centros participantes
en el programa de cribado oportunistico de csPCa de Catalufia en los que se utilizd

siempre la via transperineal.

6. Una revision sistematica de la literatura sobre la eficacia de las plataformas existentes
para realizar biopsias prostaticas por fusion de imagenes MRI-TRUS mediante abordaje

transperineal.

En las publicaciones siete a nueve se realizaron las siguientes validaciones del BCN-MRI

PM:

7. En 120 varones con sospecha de PCa sometidos a tratamiento con 5-ARI. Este grupo
fue seleccionado retrospectivamente a partir de 2.212 varones sometidos a biopsia
prostatica, recogidos prospectivamente en 10 centros participantes del programa de

cribado oportunistico de csPCa de Cataluiia.

8. En 969 varones sometidos a biopsia transperineal obteniendo entre dos y cuatro
muestras de las lesiones sospechosas y/o biopsia sistemdtica con obtencion de 12
muestras.  Estos casos fueron reportados prospectivamente por cuatro hospitales
participantes en el programa de cribado oportunistico de csPCa de Cataluiia, en los que

se realizaba la biopsia prostatica por via transperineal.

9. En 457 varones sometidos a biopsia prostatica dirigida por saturacion (mapping cada
0.5 mm) de lesiones sospechosas y areas perilesionales, recogidos prospectivamente en
el centro diagnéstico Cruz Blanca de Barcelona en el que se utilizo la plataforma

Artemis™,

Este proyecto fue aprobado por el comité de ética del Hospital Universitario Vall d’
Hebron (PRAG 02/2021) y financiado por el Instituto de Salut Carlos III (P120/01666),
co-financiado por el Fondo Europeo para el Desarrollo Regional “Un camino para hacer

Europa”.
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RESULTADOS

La concordancia entre la lectura de la MRI reportada por radidlogos no expertos y
una radiologa experta fue solo del 49,1%. La lectura experta permitio reclasificar el PI-
RADS 2.1 de las lesiones detectadas y reducir un 28,8% la indicacion de biopsia
prostaticas sin comprometer la deteccion de csPCa, ademas del 29,4% de
sobrediagnodstico de iPCa. La concordancia fue superior en casos con PI-RADS 4-5 y en

glandulas prostatas de menor volumen.

La concordancia entre la deteccion de csPCa en la biopsia sistematica y dirigida fue del
76%. El 13,9% de csPCa se detectd solo en las biopsias sistematicas y el 35,7% so6lo en
las biopsias dirigidas. Se identificaron como factores predictivos de csPCa en las biopsias
dirigidas la edad, volumen prostatico, tipo de resonancia (1.5T vs. 3T), PI-RADS, técnica
de fusion y via de abordaje. A partir de estas variables se desarrollé un modelo predictivo
que permitid reducir el 18,3% de biopsias sistemdticas con una pérdida en la deteccion de

csPCa inferior al 5%.

La biopsia prostatica dirigida por via transperineal detectd un 44,6% de csPCa frente a un
30.8% en las biopsias transrectales, siendo superior la deteccion en lesiones localizadas
en las zonas anterior y apical de la gldndula prostatica. En cambio, las biopsias

sistematicas detectaron mas csPCa cuando el abordaje fue transrectal (35,1% vs. 24,3%).

La aplicacion de un protocolo mapping cada 0.5 mm, con abordaje transperineal, dirigido
a la lesion indice y su area perilesional detecto el 96,3% csPCa. Sdlo el 1,6% de csPCa
se identifico exclusivamente en biopsias sistematicas y el 2,1% en las lesiones
sospechosas secundarias. Este protocolo de biopsia presentd un AUC de 0,918 y permitio
evitar el 23,3% de las biopsias sin perder csPCa. Esta estrategia permitid limitar la

agresividad de la biopsia prostatica reduciendo el 72,8% de punciones.

La comparacion entre dos esquemas de biopsia prostatica dirigida mostr6 que el protocolo
mapping cada 0.5 mm de las lesiones sospechosas y areas perilesionales detecto el 71,9%
de csPCa frente al 47,9% cuando se obtuvieron entre dos y cuatro muestras de cada lesion
sospechosas. La deteccion de iPCa se redujo del 18,8 al 11,1%. Estas diferencias fueron
mas marcadas en lesiones PI-RADS 4 y 5. La proporcion de csPCa detectados inicamente
en biopsias sistematicas fue inferior cuando se aplico el protocolo mapping cada 0.5 mm

(1,5 vs. 5,0%).
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Una revision sistematica de la literatura evalu6 la eficacia clinica de las plataformas de
fusion de imagenes (MRI-TRUS) en biopsias prostaticas. Se incluyeron 30 articulos que
incorporaron mas de 11.000 casos. Las plataformas con registro rigido obtuvieron
mayores tasas de deteccion de csPCa que aquellas con registro eldstico. También se
evidencié que la via transperineal ofrece mejores resultados que la via transrectal en la
deteccion de csPCa. Esta revision también constatd la complementariedad actual de las

biopsias sistematicas.

El BCN-MRI fue validado satisfactoriamente en pacientes sometidos a tratamiento con
inhibidores de la 5-alfa reductasa (5-ARI). Se observo un AUC de 0,824 en pacientes
tratados con 5-ARI y de 0,849 en varones no sometidos a este tratamiento (p > 0.05). El
BCN-MRI PM permiti6 evitar el 23,8 y 25% de biopsias prostaticas, respectivamente,

manteniendo una sensibilidad para detectar el csPCa del 95%.

El BCN-MRI se valido satisfactoriamente en biopsias prostaticas realizadas por via
transperineal. Mostr6 un AUC de 0,847 para detectar csPCa en biopsias prostaticas
realizadas por via transrectal y de 0,830 en biopsias transperineales (p > 0.05). La
aplicacion del BCN-MRI PM permiti6 evitar el 24,3% de biopsias protaticas utilizando
ambas vias manteniendo una sensibilidad del 95%. La efectividad diagnostica de csPCa

fue de 45,9% para via transperineal y 41% para la via transrectal.

El BCN-MRI PM se valido satisfactoriamente en varones con sospecha de PCa,
clasificados con el PI-RADS v 2.1, y sometidos a un protocolo de biopsia transperineal
dirigido a las lesiones sospechosas y areas perilesionales, mapping cada 0.5 mm, en la
plataforma Artemis™. El AUC para detectar csPCa fue 0,862, y su aplicacion permitio
evitar el 24,9% de las biopsias manteniendo una sensibilidad del 95%. Este beneficio fue

especialmente util cuando el PI-RADS fue 2 y 3.

CONCLUSIONES

1. La lectura experta de la MRI mejora la clasificacion de las lesiones evaluadas con el
PI-RADS v 2.1, permitiendo reducir el nimero de biopsias prostaticas sin comprometer

la deteccion de csPCa.

2. La biopsia prostatica sistematica tiene un valor residual cuando se utiliza un modelo

predictivo especifico, desarrollado a partir de las variables predictoras edad, volumen
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prostatico, potencia de la MRI, categoria PI-RADS, técnica de fusién de imagenes y via

de abordaje de la biopsia.

3. El abordaje transperineal para realizar la biopsia prostatica mejora la deteccion del
csPCa respecto de la via transrectal, especialmente en localizaciones anterior y apical de

la glandula prostatica.

4. El protocolo de biopsia por saturacion mediante mapping cada 0.5 mm, dirigido a las
lesiones sospechosas, incluida la lesion indice y sus éareas perilesionales, mejora la
deteccion de cancer de prostata clinicamente significativo (csPCa) en comparacion con
el protocolo estdndar basado en la obtencion de dos a cuatro cilindros por lesion. Ademas,
permite omitir la biopsia del resto de las lesiones sospechosas y la biopsia sistematica,
con una pérdida diagndstica de csPCa inferior al 5%, y demuestra una mayor eficiencia

diagnostica que el protocolo convencional recomendado.

5. Las plataformas para realizar biopsias por fusion de imadgenes MRI-TRUS por via
transperineal que utilizan registro de imagen rigido parecen tener mayor eficacia que las
que utilizan registro elastico. La complementariedad de las biopsias sistemdticas se

sugiere en todas las plataformas analizadas.

6. El BCN-MRI PM ha sido validado satisfactoriamente en pacientes con sospecha de
PCa sometidos a tratamiento con 5-ARI, cuando se utiliza el PI-RADS v 2.1, via de
abordaje transperineal y un protocolo de biopsias dirigidas mapping cada 0.5 mm de

lesiones sospechosas y areas perilesionales.
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SUMMARY






INTRODUCTION

Prostate cancer (PCa) is the most frequently diagnosed malignant neoplasm in
men and the third leading cause of cancer-related mortality. Its suspicion is established
through elevated serum prostate-specific antigen (PSA) levels and/or an abnormal digital
rectal examination (DRE), while the diagnosis is confirmed by prostate biopsy. The
paradigm of early PCa diagnosis has shifted due to the introduction of magnetic resonance
imaging (MRI) and targeted biopsies of lesions suspicious for clinically significant
prostate cancer (csPCa). Currently, early PCa diagnosis focuses on maximizing csPCa
detection, reducing unnecessary biopsies, and limiting overdiagnosis of insignificant PCa
(iPCa). Targeted prostate biopsy is indicated when lesions suspicious for csPCa are
identified on MRI, using the Prostate Imaging-Reporting and Data System (PI-RADS)
version 2.1 with a score equal to or greater than 3, obtaining between two and four
samples per lesion. This is always complemented by classical systematic biopsy, which
obtains between 10 and 12 samples. Recently, it has been recommended to replace the
transrectal approach with the transperineal route to reduce infectious complications and
antibiotic use associated with prostate biopsy. However, the proportion of unnecessary
biopsies remains high, particularly in uncertain scenarios such as PI-RADS 3. The
European Association of Urology (EAU) recommends applying predictive models for
csPCa, based on MRI and clinical data (MRI-PM), to improve the selection of candidates
for prostate biopsy. The Barcelona MRI-PM (BCN-MRI PM) has proven the most
effective in our setting, although it was developed and validated using PI-RADS v2.0 and
prostate biopsies performed via the transrectal approach, excluding patients treated with

5-alpha reductase inhibitors (5-ARI).

Following a comprehensive literature review, we identified several aspects that may

optimize early csPCa diagnosis:
1) Use of expert MRI reading,
i1) Development of predictive models to limit systematic biopsies,

ii1) Use of an appropriate platform to perform transperineal prostate biopsy with MRI-
TRUS image fusion and a saturation protocol targeting suspicious lesions and perilesional

areas, and
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iv) Validation of the BCN-MRI PM in patients treated with 5-ARI, classified with PI-
RADS v2.1, and undergoing a saturation biopsy protocol targeting suspicious lesions and

perilesional areas via the transperineal approach.

HYPOTHESIS

This thesis hypothesizes that an integrated diagnostic strategy based on expert
interpretation of prostate magnetic resonance imaging, the use of MRI-based predictive
models, the transperineal approach, and the performance of targeted biopsies using a
saturation protocol of suspicious lesions and perilesional areas may optimize the early
diagnosis of clinically significant prostate cancer, increasing its detection while reducing
unnecessary biopsies and the overdiagnosis of clinically insignificant tumors.
Furthermore, it is postulated that the BCN-MRI PM predictive model maintains its
discriminative performance and clinical utility when applied to patients receiving 5-alpha
reductase inhibitors, evaluated using PI-RADS v2.1 and undergoing transperineal
prostate biopsy with a saturation protocol targeting suspicious lesions and perilesional

arcas.

MAIN OBJECTIVE

To optimize the early diagnosis of clinically significant prostate cancer through
the evaluation of an integrated diagnostic strategy based on expert interpretation of
prostate magnetic resonance imaging, the use of MRI-based predictive models, the
transperineal approach, and targeted biopsy using saturation protocols of suspicious
lesions and perilesional areas, as well as through the validation of the BCN-MRI PM

predictive model in different clinical scenarios.

SECONDARY OBJECTIVES

1. To analyze the clinical impact of expert MRI reading and limit systematic biopsies

based on a predictive model.

2. To compare the effectiveness of prostate biopsy performed via the transrectal and

transperineal approaches for csPCa detection.
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3. To compare the efficacy of a saturation-targeted biopsy protocol (mapping every 0.5
mm) for suspicious lesions and perilesional areas with the currently recommended
protocol, also analyzing the clinical utility of MRI-TRUS fusion platforms used in the

transperineal approach for csPCa detection.

4. To validate the BCN-MRI PM in patients treated with 5-ARI, classified with PI-RADS
v2.1, using the transperineal approach and a saturation-targeted biopsy protocol (mapping

every 0.5 mm) for suspicious lesions and perilesional areas, on an appropriate platform.

METHODOLOGY

This doctoral thesis is presented as a compendium of nine publications and has been
developed from retrospective and prospective studies designed with a multicenter
approach, allowing for a rigorous, representative, and clinically applicable evaluation. In

the first six, the following aspects were analyzed to optimize early diagnosis of csPCa:

1. The clinical impact of expert MRI reading (PI-RADS v2.1) in a prospective series of

222 prostate biopsies referred to the Cruz Blanca diagnostic center in Barcelona.

2. The development of a predictive model to limit the use of systematic biopsies, based
on independent predictive variables obtained from 2122 men who underwent targeted and
systematic prostate biopsy, selected from among 3557 men with suspected PCa
prospectively reported in a multicenter study conducted in 10 hospitals participating in

the opportunistic csPCa screening program in Catalonia.

3. The comparison between transrectal and transperineal prostate biopsy in the detection
of csPCa. This study was conducted in a matched group of 650 cases selected from a
cohort of 4029 cases prospectively recruited in 10 hospitals participating in the
opportunistic csPCa screening program in Catalonia, all of which used the same biopsy

protocol.

4. The clinical impact of applying a transperineal saturation-targeted biopsy protocol
(mapping every 0.5 mm) of the index lesion and its perilesional area. This was a
prospective study that included 309 men with suspected PCa biopsied at the Cruz Blanca

diagnostic center in Barcelona.
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5. The comparison between a transperineal saturation-targeted prostate biopsy protocol
(mapping every 0.5 mm) targeting suspicious lesions and perilesional areas, and the
protocol obtaining between 2 and 4 cores per lesion. This study was conducted in a
matched group of 261 cases selected from 1161 men with suspected PCa biopsied
prospectively in four centers participating in the opportunistic csPCa screening program

in Catalonia, all of which consistently used the transperineal route.

6. A systematic literature review of existing platforms for performing MRI-TRUS fusion-

guided prostate biopsies via the transperineal approach.
Publications 7 to 9 focused on validating the BCN-MRI PM:

7. In 120 men with suspected PCa who had undergone treatment with 5-ARI. This group
was retrospectively selected from 2212 men who underwent prostate biopsy,
prospectively collected in 10 hospitals participating in the Catalonia opportunistic csPCa

screening program.

8. In 969 men who underwent transperineal biopsy, obtaining between two and four
samples of suspicious lesions and/or 12-core systematic biopsies. These cases were
prospectively reported by four hospitals participating in the Catalonia csPCa screening

program where prostate biopsy was performed transperineally.

9. In 457 men who underwent saturation-targeted prostate biopsy (mapping every 0.5
mm) of suspicious lesions and perilesional areas, prospectively collected at the Cruz

Blanca diagnostic center in Barcelona, where the Artemis™ platform was used.
g p

This project was approved by the ethics committee of Vall d’Hebron University Hospital
(PRAG 02/2021), funded by the Carlos III Health Institute (P120/01666), and co-financed
by the European Regional Development Fund “A way to build Europe.”

RESULTS

The concordance between MRI readings reported by non-expert radiologists and
those reported by an expert radiologist was only 49.1%. Expert interpretation enabled
reclassification of PI-RADS 2.1 lesions and reduced prostate biopsies by 28.8% without

compromising csPCa detection and decreased iPCa overdiagnosis by 29.4%.
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Concordance was higher in cases with PI-RADS 4 and 5 and in prostates with smaller

volumes.

The concordance between csPCa detection in systematic and targeted biopsies was 76%.
csPCa was detected exclusively by systematic biopsies in 13.9% of cases and exclusively
by targeted biopsies in 35.7%. Predictive factors for csPCa detection in targeted biopsies
included age, prostate volume, MRI type (1.5T vs. 3T), PI-RADS category, fusion
technique, and biopsy approach. Based on these variables, a predictive model was
developed that allowed for the omission of 18.3% of systematic biopsies, with a csPCa

detection loss of less than 5%.

Transperineal targeted prostate biopsy detected 44.6% csPCa compared to 30.8% for
transrectal biopsies, with superior detection in anterior and apical zones. In contrast,
systematic biopsies detected more csPCa when performed via the transrectal approach

(35.1% vs. 24.3%).

Applying a mapping protocol every 0.5 mm via the transperineal route, targeting the index
lesion and its perilesional area, detected 96.3% of csPCa. Only 1.6% of csPCa was
identified exclusively by systematic biopsies and 2.1% by secondary suspicious lesions.
This biopsy protocol demonstrated an AUC of 0.918 and allowed for the omission of
23.3% of biopsies without losing csPCa. This strategy reduced biopsy aggressiveness by

lowering the number of samples taken by 72.8%.

Comparison between targeted biopsy protocols showed that the 0.5 mm mapping protocol
targeting suspicious lesions and perilesional areas detected 71.9% of csPCa versus 47.9%
when applying the protocol of obtaining two to four samples per suspicious lesion.
Detection of iPCa was reduced from 18.8% to 11.1%. These differences were more
marked in PI-RADS 4 and 5 lesions. The proportion of csPCa detected only by systematic
biopsies was lower when using the 0.5 mm mapping protocol (1.5% vs. 5.0%). These
results suggest the superior efficacy of saturation protocols targeting suspicious lesions

and perilesional areas in the diagnosis of csPCa.

A systematic review of the literature assessed the clinical efficacy of MRI-TRUS fusion-
guided biopsy platforms for prostate biopsies. Thirty articles were included, identifying
available technologies used in more than 11,000 patients. Platforms with rigid registration
showed higher csPCa detection rates than those with elastic registration. The review also

showed that the transperineal route yielded better results than the transrectal route in
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csPCa detection. The continued relevance of systematic biopsies was also confirmed

across all platforms analyzed.

The BCN-MRI was successfully validated in patients treated with 5-alpha reductase
inhibitors (5-ARI), showing an AUC of 0.824 in patients treated with 5-ARI and 0.849 in
untreated patients (p > 0.05). The BCN-MRI PM avoided 23.8% and 25% of prostate

biopsies, respectively, while maintaining 95% sensitivity for csPCa.

The BCN-MRI was also successfully validated in transperineally performed biopsies. It
showed an AUC of 0.847 for detecting csPCa in transrectal biopsies and 0.830 in
transperineal biopsies (p > 0.05). The BCN-MRI PM avoided 24.3% of biopsies using
both approaches, with a sensitivity of 95%. Diagnostic effectiveness for csPCa was 45.9%

for the transperineal route and 41% for the transrectal route.

The BCN-MRI PM was successfully validated in men with suspected PCa, classified with
PI-RADS v2.1, who underwent a transperineal biopsy protocol targeting suspicious
lesions and perilesional areas using 0.5 mm mapping on the Artemis™ platform. The
AUC for csPCa detection was 0.862, and its use avoided 24.9% of biopsies while
maintaining a 95% sensitivity. This benefit was particularly useful in PI-RADS 2 and 3

casces.

CONCLUSIONS

1. Expert MRI interpretation improves the classification of lesions evaluated with PI-
RADS v2.1, allowing for a reduction in unnecessary prostate biopsies without

compromising csPCa detection.

2. Systematic prostate biopsy has a residual value when a specific predictive model is
applied, developed from variables such as age, prostate volume, MRI strength, PI-RADS

category, image fusion technique, and biopsy route.
3. The transperineal approach for performing prostate biopsy improves csPCa detection

compared to the transrectal route, especially in anterior and apical locations.

4. The saturation biopsy protocol using 0.5 mm mapping, targeted to suspicious lesions,
including the index lesion and its perilesional areas, improves the detection of clinically

significant prostate cancer (csPCa) compared with the standard protocol based on
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obtaining two to four cores per lesion. Furthermore, it allows omission of biopsy of the
remaining suspicious lesions and systematic biopsy, with a diagnostic loss for csPCa
below 5%, and demonstrates greater diagnostic efficiency than the conventionally

recommended protocol.

5. The systematic literature review conducted to evaluate platforms enabling MRI-TRUS
image fusion biopsies via the transperineal approach suggests greater clinical efficacy of
those using rigid registration over elastic registration. The complementarity of systematic

biopsies is supported across all platforms analyzed.

6. The BCN-MRI PM has been successfully validated in patients with suspected PCa who
are being treated with 5-ARI, when using PI-RADS v2.1, the transperineal route, and a
saturation biopsy protocol with 0.5 mm mapping of suspicious lesions and perilesional

arcas.
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1. INTRODUCCION






1.1. EPIDEMIOLOGIA Y ETIOLOGIA DEL CANCER DE
PROSTATA

El cancer de prostata (PCa) constituye el segundo tumor maligno mas frecuentemente
diagnosticado a nivel mundial y represento la quinta causa de muerte entre los varones en
el afio 2020. En ese periodo se registraron 1,4 millones de nuevos casos y

aproximadamente 375.000 fallecimientos atribuibles a esta enfermedad (1).

Estudios basados en autopsias han demostrado que la prevalencia del PCa es similar entre
distintas poblaciones del mundo. No obstante, se observa una notable variabilidad entre
paises, influida principalmente por la existencia —o ausencia— de programas de cribado,

ya sean estructurados o de caracter oportunista (2).

En paises como Canadé, Estados Unidos y Australia, la incidencia del PCa aumento
bruscamente a finales de los afios ochenta y principios de los noventa, como consecuencia
del uso generalizado del antigeno prostatico especifico (PSA) en programas de cribado
oportunista, lo que permitio la deteccion temprana de la enfermedad antes de la aparicion
de sintomas (3). De forma mas tardia y progresiva, este aumento también se evidenci6 en
Europa, asi como en algunos paises de Centroamérica y Asia, hasta alcanzar una

estabilizacion en los ultimos cinco afios (4).

En los paises mas desarrollados, la mortalidad por PCa ha disminuido en los ltimos afios,
gracias a la implementacion de estrategias de deteccion precoz y la eficacia de los
tratamientos disponibles (5). La incidencia y mortalidad por PCa en los 136 paises
analizados por Globocan en 2022 se ilustran en los mapas de las Figuras 1y 2,

respectivamente (1).
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Figura 1 Incidencia de PCa estandarizada por edad en cada pais, segin Globocan en 2022 (1)
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Figura 2 Tasa de mortalidad por PCa estandarizada por edad en cada pais, segin Globocan en 2022 (1)
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La incidencia del PCa y su mortalidad varian sustancialmente. En Europa, la incidencia
de PCa en los paises escandinavos es la mayor del mundo, reduciéndose sustancialmente

en los paises mediterraneos, Figura 3 (1).

Northern Europe Ireland|-- 83.4
Western Europe 77.6
Caribbean 75.8
Australia/New Zealand 75.8
Northern America
Southern Africa
South America
Southern Europe
Micronesia/Polynesia
Eastern Europe
Central America
Middle Africa
Melanesia

Western Africa
Western Asia
Eastern Africa
Eastern Asia
Northern Africa
South-Eastern Asia
South Central Asia

T T T T T T

120 80 40 0 40 80 120
Age-standardized (W) rate per 100,000

Incidence _ Mortality

Figura 3 Incidencia y mortalidad por PCa estandarizada por edad segiin Globocan en 2022 (1)

En Espafia, segiin el informe de la Sociedad Espafiola de Oncologia Médica, el cancer de
prostata (PCa) fue el tumor con mayor incidencia entre los varones en 2022
diagnosticandose 29.900 nuevos casos. En cuanto a la mortalidad especifica, el PCa
ocupo el tercer lugar con 5.900 defunciones (6). En Catalufia, esa misma tendencia se
mantuvo, siendo el cancer de prostata el de mayor incidencia con 4.470 nuevos

diagnésticos en 2022 (6).

La edad es el principal factor de riesgo para el desarrollo del PCa. Una revision

sistematica de estudios realizados en autopsias reveld una prevalencia global del 5 % en
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hombres menores de 30 afios, en contraste con el 59 % en aquellos mayores de 79 afios
(7). Otro factor de riesgo importante es la historia familiar, aunque sélo en una pequena
proporciéon de los pacientes diagnosticados se identifica esta asociacion (8). Se ha
documentado que los hombres con antecedentes familiares de PCa presentan un riesgo
relativo 2,3 veces mayor de desarrollar la enfermedad, un riesgo 3,4 veces superior de
diagnéstico precoz, un riesgo 2,2 veces mayor de mortalidad especifica y un riesgo 2,3

veces superior de padecer un cancer clinicamente significativo (csPCa) (9).

Numerosas mutaciones germinales en genes reparadores del acido desoxirribonucleico
(DNA) se han asociado con el PCa hereditario (10). Estas mutaciones, que se transmiten
de padres a hijos, han sido identificadas en diversos estudios. En una cohorte de 1.328
pacientes con PCa, se hallaron mutaciones germinales en el gen BRCA2 en el 4,5 %, en
CHEK2 en el 2,2%, en ATM en el 1,8% y en BRCA1 en el 1,1 % de los casos. La
presencia de una suma de Gleason superior a 8 y la existencia de enfermedad metastasica
se asociaron de manera significativa con una mayor incidencia de mutaciones en genes

reparadores del DNA (11,12).

La relacion entre el uso de inhibidores de la 5-alfa reductasa (5-ARI) y el riesgo de cancer
de prostata (PCa) sigue siendo controvertida. Algunos estudios han sugerido que los 5-
ARI podrian reducir el riesgo de desarrollar PCa, mientras que otros han reportado un
aumento en el riesgo de tumores de alto grado (13—16). En cuanto a la terapia con
testosterona en pacientes con hipogonadismo, los datos disponibles no han demostrado
un incremento del riesgo de PCa (17). Por el contrario, un estudio publicado en 2018
indic6 que los hombres con niveles séricos bajos de testosterona libre presentaban un

menor riesgo de desarrollar la enfermedad (18).

La etnicidad también se ha identificado como un factor de riesgo relevante. En Estados
Unidos, la incidencia de PCa es mas elevada en hombres afroamericanos en comparacion
con los de origen caucésico (19). Los hombres de origen chino y japonés presentan un
riesgo significativamente menor que los varones de paises occidentales. Sin embargo, se
ha observado que aquellos que emigran a Estados Unidos adquieren un riesgo similar al

de la poblacion estadounidense a partir de la segunda generacion (19).

Asimismo, se han propuesto diversos factores ambientales, como el grado de exposicion

solar, pero hasta el momento ningiin factor ambiental o dietético ha sido claramente
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definido como factor de riesgo para el desarrollo del PCa. Por esta razon, actualmente no

se han establecido recomendaciones especificas para su prevencion (20).

1.2. SOSPECHA DE CANCER DE PROSTATA

En la actualidad, la mayoria de los casos de PCa se diagnostican en varones
asintomaticos. Por ello, establecer una sospecha clinica precoz es fundamental ya que
permite detectar la enfermedad en estadios iniciales y reducir la proporcion de casos

diagnosticados en fases avanzados y la mortalidad especifica (21).

La sospecha de PCa se basa principalmente en la elevacion de los niveles séricos del PSA
y/o en la deteccion de hallazgos andémalos en el tacto rectal (DRE). Sin embargo, el

diagnéstico definitivo se confirma mediante la realizacion de una biopsia prostatica (22).

1.2.1. ANTIGENO PROSTATICO ESPECIFICO

El PSA es una serina proteasa, también conocida como calicreina humana 3, que fue
descrita por primera vez en 1975 (23,24). Esta proteina es codificada por el gen hKLK3,
ubicado en el cromosoma 19 (25), y su expresion esta regulada principalmente por los
andrégenos (26). EI PSA se sintetiza en los conductos y acinos prostaticos, y su funcion
fisiologica principal es la licuefaccion del codgulo seminal mediante la ruptura de los

enlaces entre semenogelina I y II y fibronectina (27).

La introduccion del PSA como marcador tumoral del cancer del PCa supuso un hito en el
diagnostico precoz de esta enfermedad, y su uso combinado con el DRE ha sido
ampliamente incorporado en estrategias de cribado. No obstante, a pesar de su alta
sensibilidad, el PSA presenta una especificidad limitada, ya que niveles elevados pueden
observarse también en patologias benignas como la hiperplasia prostatica benigna y la

prostatitis (28).

Aunque no existe una estandarizaciéon universal para la determinacion del PSA, la
mayoria de los ensayos disponibles consideran valores inferiores a 4 ng/ml como
normales (29). Sin embargo, algunos hombres con niveles de PSA dentro de ese rango

pueden presentar PCa, aunque en un porcentaje reducido como se indica en la Tabla 1
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(30). En aquellos casos en los que el PSA se sitia en la denominada “zona gris” (entre 4

y 10 ng/ml), se recomienda repetir la medicidon para confirmar su elevacion.

Tabla 1 Riesgo de presentar PCa en funcion del nivel sérico de PSA (30)

Nivel de PSA (ng/ml) Riesgo de PCa (%) Riesgo de PCa ISUP-
GG =2 (%)

0-0.5 6.6 0.8

0.6-1.0 10.1 1.0

1.1-2.0 17.0 2.0

2.1-3.0 239 4.6

3.1-4.0 269 6.7

PCa = cancer de prostata, PSA = antigeno prostatico especifico, ISUP-GG = grupo
de grado de la International Society of Urological Pathology

La periodicidad Optima para la cuantificacion de PSA aun no ha sido claramente
establecida, aunque se han propuesto estrategias basadas en los niveles iniciales del
marcador (31). Una de estas estrategias plantea que, en hombres sin antecedentes
familiares de cancer de prostata, puede diferirse la siguiente determinacion hasta ocho
afios si el PSA es inferior a 1 ng/ml a los 40 afios, o menor a 2 ng/ml a los 60 afios, dado
que su riesgo de progresion y mortalidad por PCa es muy bajo (32). Para el resto de los
hombres considerados de mayor riesgo, se ha sugerido repetir el PSA sérico con una

frecuencia bianual (33).

Con el objetivo de mejorar la especificidad del PSA y distinguir entre PCa e hiperplasia
benigna, se ha propuesto la utilizacion del cociente entre el PSA total y su fraccion libre
(34). En pacientes con niveles de PSA total entre 4 y 10 ng/ml, el porcentaje de PSA libre
ofrece una sensibilidad y especificidad del 70 % y 50 %, respectivamente, para el
diagnostico del PCa. No obstante, su utilidad clinica se reduce significativamente cuando

el PSA total supera los 10 ng/ml (35). Recientemente, este valor ha vuelto a adquirir
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importancia al ser incorporado en modelos predictivos junto con otros nuevos marcadores

tumorales (36).

En 2012, la U.S. Preventive Services Task Force (USPSTF) desaconsejo el cribado del
PCa mediante PSA, argumentando que no existia un beneficio significativo en la
reduccion de la mortalidad especifica por PCa. Ademaés, destaco los perjuicios asociados
a un exceso de biopsias innecesarias y al sobrediagnostico de canceres de prostata
clinicamente insignificantes (iPCa). Todo ello motivo su posicionamiento en contra del
testeo sistematico con PSA (37). Esta postura fue adoptada un afio mas tarde por las guias
estadounidenses para el manejo del PCa (31). Como consecuencia, se observd un
incremento en el diagndstico de tumores en estadios avanzados, asi como un repunte en
la mortalidad especifica, que previamente habia mostrado una tendencia descendente
sostenida durante las dos décadas posteriores a la implementacion del cribado con PSA
(38,39). En respuesta a esta evolucion, en 2017 la USPSTF reviso su recomendacion y
propuso considerar el cribado del PCa con PSA en hombres de entre 55 y 69 afios como
una decision individualizada, enmarcada en una informacién que contemple los posibles

beneficios y riesgos del procedimiento (40).

El Consejo de la Unién Europea ha reconocido una evidencia robusta que respalda el
beneficio del cribado con PSA en la reduccion de la mortalidad especifica por PCa (41).
Si bien el sobrediagndstico y el sobretratamiento del iPCa contintian representando
desafios relevantes, la implementacion de estrategias complementarias —como la fijacion
de un limite de edad superior para el cribado y la incorporacion sistemdtica de la
resonancia magnética multiparamétrica (mpMRI)— podria mitigar estos inconvenientes

y optimizar la relacion beneficio-riesgo del cribado (41).

El ensayo aleatorizado de cribado de céncer de prostata de Goteborg constituye una de
las evidencias mas robustas en la evaluacion del impacto del cribado con PSA sobre la
mortalidad por esta enfermedad. Iniciado en 1995, este estudio incluy6 20.000 hombres
nacidos entre 1930 y 1944, asignados aleatoriamente a un grupo de intervencion (cribado
bienal con PSA desde los 50 hasta los 69 afios) o a un grupo control sin intervenciones
programadas (42). Tras 22 afios de seguimiento, se observo una reduccion del 29% en la
mortalidad por PCa en el grupo invitado al cribado, y una reduccioén del 41% entre
aquellos que participaron al menos en una ronda. No obstante, la incidencia de PCa fue
un 42% mayor en el grupo cribado reflejando un incremento significativo de diagndsticos
de tumores de bajo riesgo. El andlisis por subgrupos reveld que los hombres que nunca
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participaron en el programa o comenzaron el cribado después de los 60 afios presentaron
un riesgo significativamente mayor de muerte por PCa. Asimismo, se detectd un aumento
importante en la mortalidad durante los diez afios posteriores a la finalizacion del
programa de cribado, lo que sugiere que suspender el cribado de forma generalizada a los
70 afios puede ser prematuro. Este estudio, con su disefio poblacional, prolongado
seguimiento y acceso a registros de alta calidad, ofrece la evidencia mas so6lida a favor
del cribado poblacional organizado mediante PSA. No obstante, sus limitaciones incluyen
la creciente tasa de cribado oportunista en el grupo control y la no participacion de una
proporcion relevante de hombres en el grupo de intervencion, factores que podrian haber

diluido el efecto real del cribado.

En conclusion, el cribado sistematico con PSA desde los 50 afios y con una periodicidad
bianual permite reducir de forma significativa la mortalidad por cancer de prostata. Sin
embargo, debe considerarse cuidadosamente el riesgo de sobrediagnostico y
sobretratamiento, asi como individualizar la edad de inicio y suspension del cribado para

optimizar su eficacia y minimizar efectos adversos.

1.2.2. TACTO RECTAL

El control mediante el tacto rectal y determinacion de PSA ha sido,
tradicionalmente, una estrategia basica para el diagnostico del cancer de prostata (PCa)
(43). No obstante, el uso del DRE como unica herramienta en el ambito de la atencioén
primaria presenta limitaciones importantes, con una sensibilidad y especificidad
inferiores al 60 % (44). En comparacion, el PSA demuestra un mejor rendimiento como
marcador diagndstico. En una cohorte de 6.630 pacientes, el 18 % de los casos de PCa
fueron detectados unicamente mediante el DRE, mientras que el 45% fueron
identificados exclusivamente a través del PSA. Sin embargo, la combinaciéon de ambas
pruebas resulté ser mas eficaz que su uso individual para la deteccién del PCa (43).
Ademas, la coexistencia de un PSA elevado y un DRE sospechoso se ha asociado con
mayor probabilidad de identificar canceres de alto grado (puntuaciéon de Gleason > 7)

(45).

En la actualidad, el DRE se emplea principalmente como herramienta de estadiaje clinico

del PCa, constituyendo un predictor solido de enfermedad localmente avanzada (46). Se

42



considera un DRE patolégico a partir del estadio cT2a, y se sospecha afectacion

extracapsular a partir del estadio cT3a (47).

1.2.3. RESONANCIA MAGNETICA NUCLEAR PELVICA

La estrategia tradicional de realizar biopsias prostaticas sistematicas en varones con
niveles elevados de PSA y/o un DRE anormal ha demostrado limitaciones significativas,
como la omisiéon de un nimero considerable de csPCa, asi como la sobredeteccion de
iPCa (48). A lo largo del tiempo, se han explorado diversas técnicas para optimizar el
rendimiento diagnostico de las biopsias sistematicas, entre ellas la ecografia transrectal
(TRUS), aunque esta no ha mostrado una utilidad suficiente para identificar con precision

las lesiones sospechosas de PCa (49).

La mpMRI de pelvis ha representado un avance sustancial de la imagen, al combinar
imagenes morfologicas obtenidas mediante secuencias potenciadas en Tl y T2 con
imagenes funcionales derivadas de la difusion (DWI) y del coeficiente de difusion
aparente (DCE). Esta combinacién permite localizar con mayor precision las areas

sospechosas de csPCa, permitiendo ademads la toma de biopsias de forma dirigida (50).

Un metaanalisis ha reportado que la sensibilidad y especificidad globales de la mpMRI
para la deteccion del PCa con un grado ISUP-GG > 2 son del 91% y 37 %,
respectivamente (51). En el caso de tumores con grado ISUP-GG = 3, la sensibilidad
aumenta al 95 %, mientras que la especificidad permanece en torno al 35 %. No obstante,
la capacidad de deteccion disminuye ante lesiones pequefias o de bajo grado (ISUP-GG
1), lo que evidencia que la mpMRI no detecta con igual eficacia todos los tipos de cancer
(50). La probabilidad de detectar csPCa en funcion de las caracteristicas observadas en la
mpMRI fue estandarizada por primera vez en 2011 mediante la escala de Likert, y
posteriormente, en 2012, con la introduccion del sistema PI-RADS (Prostate Imaging—
Reporting and Data System), el cual ha sido actualizado en sus versiones 2.0 y mas

recientemente 2.1 (52-54).

Actualmente, el PI-RADS constituye la herramienta de clasificacion mas utilizada en el
reporte de la MRI prostatica. Se basa en una escala de cinco puntos que estima la
probabilidad de que una lesion corresponda a un csPCa, tomando en cuenta tanto sus
caracteristicas anatomicas como funcionales en las imagenes obtenidas (55). La Tabla 2
resume las probabilidades estimadas de csPCa de acuerdo con las categorias de PI-RADS

v2.1.
43



Tabla 2 Probabilidad de csPCa segln la categoria PI-RADS (54)

Categoria de PI-RADS Probabilidad de csPCa
PI-RADS 1 Muy baja
PI-RADS 2 Baja
PI-RADS 3 Intermedia
PI-RADS 4 Alta
PI-RADS § Muy alta
csPCa = cancer de prostata clinicamente significativo, PI-RADS =

Prostate Imaging- Reporting and Data System

La interpretacion experta de la resonancia magnética prostatica es fundamental para un
diagnostico preciso del csPCa. La experiencia del radidlogo permite una mejor
caracterizacion de las lesiones sospechosas, una adecuada asignacion de la puntuacion
PI-RADS y una reduccién de errores diagnosticos. Esto puede traducirse en menos
biopsias innecesarias, menor sobrediagndstico de tumores indolentes y una mayor
eficiencia en la toma de decisiones clinicas. La lectura experta, respaldada por formacion
especifica y alto volumen de casos, mejora sustancialmente la calidad del proceso

diagndstico (56).

El papel de las biopsias dirigidas en ausencia de biopsias sistematicas ha sido
ampliamente estudiado en los ltimos afios. Diversos metaanalisis han demostrado que la
tasa de deteccion de canceres clinicamente significativos (ISUP-GG > 2) es superior
cuando se realizan biopsias dirigidas, en comparacion con las sistematicas, especialmente
en varones sometidos a una primera biopsia o con antecedentes de biopsias previas
negativas (51,57,58). Por otro lado, varios estudios han reportado una menor tasa de
deteccion de csPCa (ISUP-GG 1) con el uso exclusivo de biopsias dirigidas (58—60).
Estos hallazgos sugieren que las biopsias dirigidas no solo podrian reemplazar a las
sistematicas, sino también contribuir a reducir el sobrediagnostico de iPCa. En cuanto al

valor afiadido de combinar biopsias dirigidas con sistematicas, se ha observado un
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incremento en la tasa de deteccion de csPCa de aproximadamente un 20 % en biopsias
iniciales, y hasta un 40 % en biopsias de repeticién. Sin embargo, omitir la biopsia
sistematica podria conllevar una pérdida diagnostica de cerca del 16 % de csPCa en

hombres sometidos a una primera biopsia y del 10 % en biopsias repetidas (58).

Las guias clinicas actuales recomiendan que, en varones sin biopsia previa y con lesiones
PI-RADS > 3, se realicen tanto biopsias dirigidas como sistematicas. En varones con
puntuaciones PI-RADS < 2, la biopsia podria evitarse, salvo que exista un riesgo clinico
elevado (61). Asimismo, en hombres con biopsias previas negativas y lesiones PI-RADS
> 3, se sugiere realizar exclusivamente biopsias dirigidas (62). En el caso de una MRI
negativa (PI-RADS <2), dada su alta capacidad predictiva negativa, podria considerarse

la omision de la biopsia (61).

Debido al aumento en la demanda de mpMRI, algunos centros altamente especializados
han empezado a utilizar la resonancia magnética biparamétrica (bpMRI), la cual omite la
secuencia dinamica con contraste (DCE), reduciendo asi tanto el costo como la duracién
del estudio (63). Aunque ciertos metaanalisis han concluido que la incorporacion de la
secuencia DCE no aporta mejoras significativas en la detecciéon de csPCa frente a las
secuencias T2 y DWI por si solas (64,65), otros estudios han mostrado resultados
contradictorios (66). Por tanto, no es posible generalizar la eficacia de la bpMRI en todos
los contextos clinicos. Actualmente, existe la necesidad de estandarizar su uso y validar
la reproducibilidad de los informes sobre lesiones sospechosas obtenidas mediante esta

técnica (67).

1.3. DIAGNOSTICO DEL CANCER DE PROSTATA

1.3.1. BIOPSIA PROSTATICA

El diagndstico definitivo del PCa se establece a través del analisis histopatologico de
las muestras obtenidas mediante biopsia. El sistema de gradaciéon de Gleason,
desarrollado por Donald Gleason en 1974, clasifica las neoplasias prostaticas en cinco
patrones, en funcion del grado de desorganizacion arquitectonica de las glandulas (68).
En 2005, se consensud que la puntuacion de Gleason (GS) debe calcularse como la suma
del patron mas prevalente (primario) y el segundo mas frecuente (secundario). En los

casos en que se identifica un Uinico patrdn, este debe duplicarse para estimar la puntuacion
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final (69). Este sistema ha demostrado ser un excelente predictor pronostico,
independientemente del tratamiento aplicado. Una puntuacién de Gleason < 6 suele
asociarse con tumores clinicamente insignificantes (iPCa), mientras que una puntuacion
> 8 indica una forma mas agresiva de la enfermedad, con mayor riesgo de diseminacién
metastasica (70). Es fundamental que el informe histopatolégico incluya también la
presencia de ciertos subtipos tumorales como el carcinoma intraductal, el patron
cribiforme o el componente neuroendocrino, ya que todos ellos se asocian a un peor

prondstico (71,72).

Con el fin de simplificar y estandarizar la clasificacion del PCa, la International Society
of Urological Pathology (ISUP) propuso en 2014, y posteriormente ratificé en 2019, un
sistema que agrupa los distintos grados de Gleason en cinco Grupos de Gradacién ISUP

(ISUP-GG), los cuales se describen en la Tabla 3 (73,74).

Tabla 3 Puntuacion de Gleason y correspondencia con los grados de la ISUP 2019 (72)

Puntuacion de Gleason ISUP-GG
2-6 1
7 (3+4) 2
7 (4+3) 3
8 (4+4 0 3+5 0 5+3) 4
9-10 (4+5 0 5+4 0 5+5) 5

ISUP = International Society of Urological Pathology, GG = grupo de grado

La biopsia prostatica se realiza mediante una aguja gruesa que permite obtener cilindros
de tejido prostatico. Como se ha mencionado previamente, existen dos tipos principales:
las biopsias sistematicas o aleatorias, guiadas por TRUS, y las biopsias dirigidas a
lesiones sospechosas identificadas mediante MRI (62). Las biopsias sistematicas deben
focalizarse en la zona periférica lateral de ambos lobulos prostaticos. Se recomienda
obtener un total entre 10 y 12 cilindros, distribuidos equitativamente entre los dos lobulos
(5-6 por lobulo) (75). En el caso de biopsias dirigidas, el nimero ideal de cilindros por
lesion oscila entre 3 y 5, aunque esta recomendacion se basa en un nivel de evidencia
moderado (76).
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El abordaje de la biopsia prostatica puede realizarse por via transrectal o transperineal.
La via transperineal ha demostrado una mayor sensibilidad para la deteccion de csPCa en
comparacion con la via transrectal. Un metaanalisis publicado en 2019 informd una
sensibilidad del 86 % para la via transperineal frente al 73 % para la transrectal, siendo
especialmente superior en la deteccidn de lesiones localizadas en la zona fibromuscular
anterior de la prostata (80). En la actualidad, se recomienda preferentemente la via
transperineal, no solo por su mayor sensibilidad, sino también por su perfil de seguridad
ya que permite reducir significativamente la tasa de complicaciones sépticas asociadas a

la via transrectal y el uso indiscriminado de antibidticos (81-83).

1.3.2. SISTEMAS SOFTWARE PARA BIOPSIAS DE PROSTATA
POR FUSION DE IMAGENES

Los softwares de fusion de imagenes MRI-TRUS constituyen una innovacion
tecnologica clave en el diagndstico del csPCa, al permitir la superposicion precisa de
imagenes obtenidas por MRI con imagenes ecograficas en tiempo real. Esta técnica,
conocida como biopsia por fusion, posibilita dirigir las muestras hacia las lesiones
sospechosas previamente identificadas en la MRI, mejorando la tasa de deteccion de
csPCa y reduciendo el sobrediagnostico de tumores insignificantes (84). El proceso de
fusion se basa en algoritmos de registro que alinean espacialmente ambas modalidades
de imagen. Existen dos tipos principales de registro: rigido y elastico. En la fusion rigida,
el operador rota manualmente las imagenes para alinearlas, sin modificar su forma; en
cambio, la fusion elastica emplea algoritmos que deforman la imagen de resonancia para
adaptarse a la anatomia cambiante observada en la ecografia intraoperatoria (85).
Diversos estudios han abordado las diferencias entre ambas modalidades. Gortz et al.
encontraron que los sistemas de registro rigido lograban una mayor tasa de deteccion de
csPCa en biopsias transperineales dirigidas, posiblemente por ofrecer una mejor
concordancia espacial entre las imdgenes (86). Sin embargo, otros autores, como
Venderink et al., no observaron diferencias significativas en la tasa de deteccion entre
ambos métodos, lo que sugiere que la eficacia global también depende de factores como
la calidad de la segmentacién, la curva de aprendizaje del operador y la estrategia de

navegacion empleada (87).
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1.3.3. DEFINICION DE CANCER DE PROSTATA CLINICAMENTE
SIGNIFICATIVO

El interés por identificar el csPCa se remonta a varias décadas, cuando se observo
una elevada prevalencia de PCa en autopsias de individuos que nunca habian presentado

sintomas de la enfermedad. Este hallazgo puso de manifiesto la existencia del iPCa (88).

Estudios anatomopatologicos en especimenes de prostatectomia radical han demostrado
que los tumores clasificados como ISUP-GG 1 se asocian con una tasa extremadamente
baja de extension extraprostatica (0,3 %), una tasa de recidiva bioquimica del 3,5 %, y
ausencia de invasion de vesiculas seminales o ganglios linfaticos. Por este motivo, la
mayoria de los estudios definen al csPCa en funcién de la presencia de un ISUP-GG = 2

y un volumen tumoral superior a 0,5 cc en los especimenes quirdrgicos (89-91).

En el ambito de la biopsia prostatica, Ahmed et al. propusieron dos definiciones de csPCa
basadas en parametros de carga tumoral obtenidos mediante biopsia perineal por mapeo.
El primer criterio se baso en la longitud total de tejido afectado, considerando umbrales
de > 10 mm y > 6 mm, en funcion de variables como edad, comorbilidades y expectativa
de vida. El segundo criterio se centrd en la longitud méxima de afectacion en un solo
cilindro, con umbrales de > 6 mm y > 4 mm. Estos parametros se combinaron con la
presencia de patron 4 de Gleason, dominante o no dominante, para establecer dos

definiciones de csPCa:
1. GS > 3+4 con una longitud maxima afectada >4 mm y una longitud total > 6 mm.
2. GS > 4+3 con longitud méxima > 6 mm y longitud total > 10 mm.

No obstante, una limitacion importante de estas definiciones es que no fueron validadas

frente a especimenes de prostatectomia (92).

En 2016, Epstein et al. propusieron una definicion de iPCa basada en la presencia de GS
3+3 que afecta a dos cilindros o menos, con una proporcién de afectacion inferior al 50 %
en cada uno, y una densidad de PSA menor a 0,15 ng/ml/cc. Este perfil se asocia con un
riesgo minimo de csPCa en la prostatectomia radical (93). Dichos criterios fueron
clasificados como de “muy bajo riesgo” por las guias de la National Comprehensive

Cancer Network (NCCN) (94).

48



Actualmente, la investigacion se orienta a ampliar dichos criterios. Algunos grupos
proponen definiciones mas laxas de iPCa, que incluyen tumores con un componente de
patrén 4 de Gleason inferior al 10 % (95-97). A través del conocimiento de la alta
prevalencia del iPCa, surgi6 la necesidad de evitar los efectos adversos del tratamiento
activo, fundamentalmente, cirugia y radioterapia, introduciéndose el término vigilancia
activa (AS) (98). Los criterios para implementar la AS se suelen superponer en muchas
ocasiones a la definiciéon de iPCa (99). En la Tabla 4 se recogen diferentes criterios
clinicos y anatomopatoldgicos de entrada en AS publicados por diferentes grupos de

trabajo.

La vigilancia activa (VA) se define como una estrategia de manejo conservador del cancer
de prostata (PCa), con la posibilidad de iniciar un tratamiento curativo en el momento en
que se detecte progresion tumoral. Est4 indicada en pacientes con PCa localizado de bajo
riesgo y una esperanza de vida superior a 10 afios (108). En contraste, la denominada
vigilancia expectante o watchful waiting (WW) se reserva para pacientes con PCa
localizado que no son candidatos a tratamiento curativo. En estos casos, se opta por una
observacion clinica sin intervenciones hasta la aparicion de sintomas, momento en el cual
se instauran medidas paliativas (109). Mientras que el seguimiento en WW se adapta a la
situacion clinica general del paciente y sus comorbilidades, la VA implica un control mas

riguroso, sistematico y protocolizado (98).

El estudio ProtecT incluyé a 1.643 pacientes con PCa localizado, quienes fueron
aleatorizados a recibir prostatectomia radical, radioterapia o VA. El 60% de los
participantes presentaban enfermedad de bajo riesgo, con niveles de PSA < 10 ng/ml en
el 90 %, ISUP-GG 1 en el 77 % vy tacto rectal (DRE) normal en el 76 %. El resto
presentaba, mayoritariamente, enfermedad de riesgo intermedio (110). El hallazgo
principal del estudio fue que la supervivencia cancer-especifica a 10 afios en el grupo de
VA fue del 98,8 %, frente al 99 % observado en los grupos de tratamiento activo. No
obstante, la tasa de diseminacidn metastasica fue mayor en el grupo de VA (6 % frente a

2,6 %) (110).
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Tabla 4 Criterios clinicos y anatomopatoldgicos de para implementar vigilancia activa

segun diferentes estudios (99)

Institucion Estadio PSA  Gleason PSAD Num. %
clinico (ng/dl) (ng/dl/cc) Cil. Pos. afectacion
RM (100) T1/T2 <15 <65y;< - <50 % -
6>65;
<3+4=7
UoTSB (101) T1/T2b <10 6 - - -

>70 >170 > 70anos

anos; afnos;< ;<3+4

<T2c 15

UCSF(102) TlT2a <10 <6 - < 33% -
UoTPM <T2a <10 <6 - <3 <50
(103)

PRIAS (104) T1T2 <10 <6 <02 <2 -
UM (105) TT2 <15 <6 - <2 <50
JH (106) Tle <15 <6 <0.15 <2 <50
MSKCC T1/T2a <10 <6 <3 <50
(107)

PSA = antigeno prostatico especifico, PSAD = densidad de PSA, Num. Cil. Pos.
= Numero de cilindros positivos, RM = Royal Marsden, UoTSB = University of
Toronto- Sunnybrook, UCSF = University of California San Francisco, UoTPM =
Princess Margaret Cancer Centre, PRIAS = Prostate Cancer Research International
Active Surveillance, UM = University of Miami, JH = Johns Hopkins, MSKCC =

Memorial Sloan Kettering Cancer Center

Para profundizar en estos hallazgos, se han analizado las caracteristicas clinico-
patologicas que distinguieron a los pacientes con progresion de aquellos con enfermedad
estable tras 10 afios de seguimiento. La edad, los niveles de PSA, el ISUP-GG, el estadio

clinico, el nimero de cilindros positivos, la longitud maxima de afectacion tumoral y la
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invasion perineural se identificaron como predictores de progresion. Es relevante sefialar
que el protocolo de seguimiento en VA dentro del estudio ProtecT no estaba

estandarizado, y se basaba principalmente en controles periddicos de PSA (111).

El estudio DETECTIVE buscé estandarizar los criterios de seguimiento durante la VA.
Sin embargo, atin no es posible definir un protocolo de vigilancia basado en evidencia de
alto nivel que establezca claramente los criterios de seguimiento y de salida hacia
tratamiento curativo. De manera consensuada, se recomienda medir el PSA cada 6 meses,
realizar un tacto rectal anual y considerar una resonancia magnética multiparamétrica
(mpMRI) durante el seguimiento, sin una frecuencia determinada ni un umbral claro para
su repeticion. Se acuerda que debe repetirse la biopsia si se observa progresion en la
mpMRI (aumento del PI-RADS, tamafio de la lesion o estadio radioldgico), si aparece un

tacto rectal patoldgico o si se detecta progresion del PSA (108).

1.4. METODOS PARA MEJORAR LA SELECCION DE
CANDIDATOS A BIOPSIA PROSTATICA

Actualmente la seleccion de candidatos para realizar una biopsia prostatica en los
hombres con sospecha de PCa se basa en la informacion de la MRI. No obstante, siguen
existiendo escenarios inciertos como el PI-RADS 3 en el que la probabilidad de csPCa
no supera el 20% y ademas existe una sobredeteccion de iPCa que puede llegar al 50%
(112). Con el objetivo de mejorar la seleccion de candidatos para la biopsia prostatica se
ha recomendado utilizar la densidad de PSA, nuevos marcadores del PCa, y modelos

predictivos.

1.4.1. DENSIDAD DE PSA

La densidad de PS4 (PSAD) es la cantidad de PSA en suero por cada centimetro
cubico de prostata. La PSAD fue introducida por Benson et al. en 1992 como una
herramienta para incrementar la especificidad del PSA y poder diferenciar hombres
portadores de PCa de aquellos con una hiperplasia benigna de prostata, especialmente en
la llamada zona gris del PSA definida por un incremento moderado entre 4 y 10 ng/ml
(113,114). Cuanto mas elevada es la PSAD mayor es la probabilidad de que exista csPCa
(115). Algunos estudios han sugerido un punto de corte de 0.15 ng/ml/cc como mejor
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predictor de csPCa, existiendo por el contario una baja probabilidad cuando la PSAD esta

por debajo de 0.09 ng/ml/cc (116,117).

Se ha observado que el valor predictivo negativo de la MRI para la deteccion de csPCa
mejora del 84,4 % al 90,4 % cuando la PSAD es inferior a 0,15 ng/ml/cc (118,119). Un
metaanalisis reciente sugiere que, incluso ante una MRI negativa, el riesgo de csPCa en

hombres con una PSAD superior a 0,15-0,2 ng/ml/cc oscila entre el 27 % y el 40 % (120).

Nuestro grupo ha demostrado que la relacion entre PSAD y PI-RADS es dindmica en la
deteccion precoz del csPCa, de modo que el umbral 6ptimo de PSAD se incrementa
conforme aumenta la puntuacion PI-RADS. Por lo tanto, la PSAD representa una variable

clinica prometedora para su integracion en modelos predictivos (121).

El céalculo de la PSAD requiere una estimacion precisa del volumen prostatico.
Tradicionalmente, se ha utilizado la ecografia transrectal (TRUS) aplicando la formula
del elipsoide para calcular dicho volumen. Sin embargo, actualmente la practica de
realizar una TRUS exclusivamente con este objetivo estd en desuso. Aun asi, la mayoria
de los estudios sobre PSAD han empleado valores de volumen obtenidos mediante TRUS
en el contexto de la biopsia prostatica (122). Como alternativa, se ha propuesto la
estimacion del volumen prostatico mediante tacto rectal para su uso en modelos
predictivos antes de realizar una MRI (123). No obstante, la PSAD calculada con volumen
estimado por tacto rectal ha demostrado ser menos precisa que la estimada a partir del

volumen medido por MRI (124).

Actualmente, se ha renovado el interés en la utilizacion de la PSAD, dado que el volumen
prostatico suele incluirse en los informes estandar de la MRI de prostata. A pesar de ello,
tanto el PSA como el volumen prostatico son variables predictivas independientes del
csPCa, por lo que la PSAD o ambas variables por separado se integran frecuentemente en

los modelos predictivos mas eficaces (125).

1.4.2. NUEVOS MARCADORES TUMORALES

El Prostate Health Index (PHI) es una prueba sérica que combina el PSA libre, el PSA
total y la isoforma p2PSA. Su determinacién ha demostrado ser mas especifica que el
porcentaje de PSA libre para detectar cancer de prostata clinicamente significativo

(csPCa) en hombres sometidos a su primera biopsia (126).
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El 4Kscore test es otra prueba sérica que cuantifica PSA total, libre e intacto, ademds de
la calicreina tipo 2 (hK2), combinando estos datos con variables clinicas como la edad, el
tacto rectal digital (DRE) y el tipo de biopsia (inicial o repetida). Una revision sistematica
que incluy6 a mas de 10.000 pacientes mostré un area bajo la curva (AUC) superior a

0,80 para el 4Kscore en la discriminacion de csPCa (127).

Varios estudios prospectivos han demostrado que tanto el PHI como el 4Kscore superan
al porcentaje de PSA libre en la deteccion del csPCa (128). Sin embargo, un estudio ha
reportado que ambos presentan una capacidad de prediccion comparable en el contexto

de biopsias iniciales (129).

Proclarix es una prueba sérica mas reciente que combina la medicion de trombospondina-
2, catepsina D, PSA total y libre, junto con la edad. Estima el riesgo de csPCa, siendo
especialmente util en hombres con lesiones PI-RADS 3 (132). Ademas, se ha asociado
con una mayor agresividad tumoral, mostrando un mejor rendimiento en casos de cancer

avanzado y alto ISUP-GG (130).

El Prostate Cancer Antigen 3 (PCA3) es un gen que transcribe un ARN mensajero largo
no codificante, sobre-expresado en tejido prostatico tumoral. Este puede detectarse en la
orina tras un masaje prostatico, y se calcula como la relacion entre los niveles de ARN de
PCA3 y los del PSA (131). Diversos estudios han indicado que el PCA3 score es mas
preciso que el PSA total y el porcentaje de PSA libre para detectar PCa en hombres con
biopsias previas negativas (132,133). No obstante, dado que el objetivo clinico actual es

detectar preferentemente el csPCa, su utilidad practica es incierta (131).

Otro marcador urinario es SelectMDx, basado en la expresion del ARN mensajero de los
genes HOXC6 y DLX1, ambos sobreexpresados en PCa. Sin embargo, su especificidad
para detectar csPCa es limitada (134). Comparado con la resonancia multiparamétrica
(MRI), esta ultima ha demostrado ser superior tanto en nimero de csPCa detectados como
en reduccion de biopsias innecesarias (135). Ademas, se ha observado que la combinacion

de SelectMDx con MRI puede aumentar el sobrediagnostico de iPCa (135).

El marcador urinario TMPRSS2-ERG ha mostrado una mayor eficacia que el PSA total,
con una especificidad del 93 % y un valor predictivo del 94 % para la deteccion de PCa
(136). Se ha sugerido que su combinacién con el PCA3 podria mejorar la deteccién de
csPCa (137). No obstante, aunque estos biomarcadores muestran potencial, su valor

afadido en la era de la MRI sigue siendo objeto de debate (138).
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La realidad actual de los biomarcadores modernos para el diagndstico del csPCa incluye
barreras como su elevado coste, la necesidad de recoleccion adicional de muestras, y la
competencia directa de los modelos predictivos basados en MRI y datos clinicos. La
mayoria de los marcadores modernos incorporan variables clinicas, por lo que en esencia
constituyen modelos predictivos combinados, y en varios casos no se ha demostrado que

ofrezcan un rendimiento superior al de las variables clinicas por si solas (138).

1.4.3. MODELOS PREDICTIVOS

Los modelos predictivos son herramientas disefiadas para estimar la probabilidad
de ocurrencia de un evento futuro a partir de variables independientes historicas (139).
Su desarrollo comienza con la recopilacion de datos retrospectivos relacionados con el
evento de interés. Estas bases de datos deben incluir tanto las posibles variables
predictoras como la variable objetivo. Es fundamental realizar una depuracion adecuada
de los datos para eliminar errores, gestionar los valores perdidos y recodificar variables
cuando sea necesario. En una segunda etapa, se identifican las variables predictoras
independientes mediante andlisis de regresion logistica. Posteriormente, se construye el
modelo predictivo, donde se generan las probabilidades asociadas a cada variable. A
través de la estimacion de odds ratios (razon de probabilidades) e intervalos de confianza

(IC), se determina el peso especifico de cada variable dentro del modelo (140).

La calibracion del modelo evaliia la concordancia entre los valores predichos y los
observados, mientras que su eficacia se mide mediante la capacidad de discriminacion,
habitualmente expresada como el area bajo la curva ROC (receiver operating
characteristic), que relaciona sensibilidad y especificidad (139). También pueden
utilizarse técnicas como la validacion cruzada u otras formas de validacion interna para
estimar con mayor precision el rendimiento del modelo en datos no utilizados para su

construccion (141).

Una vez desarrollado y validado internamente, el modelo puede utilizarse para realizar
predicciones en nuevos datos, generalmente mediante la elaboracion de nomogramas (ver
Figura 4). No obstante, su calculo puede resultar laborioso y poco practico en entornos
clinicos con alta demanda. En este sentido, el desarrollo de aplicaciones web y para

dispositivos moviles ha sido clave para transformar estos modelos en calculadoras de

54



riesgo accesibles y faciles de usar, facilitando asi su implementacion en la practica clinica

diaria (142)
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Figura 4 Nomograma para calcular el riesgo de PCa en la biopsia. Todos los marcadores

se expresan en ng/ml excepto la kallikreina humana 2 que se expresa en 10 pg/ml. tPS4A=

PSA total; fPSA =PSA libre; iPSA =PSA intacto (143)

Es importante conocer que los modelos predictivos desarrollados no van a predecir con
exactitud lo que ocurra en poblaciones distintas a la poblacion de desarrollo, y de manera
especial con una prevalencia de evento distinta (144). La eleccioén y rendimiento de un
modelo predictivo dependen en gran medida de la representatividad de sus variables
predictoras en la poblacion diana y de manera especial de la prevalencia del evento a
predecir. Por ello, son necesarias las validaciones externas en las poblaciones donde se
van a implementar los modelos desarrollados, y efectuar las oportunas recalibraciones y
ajustes de los valores de corte del propio modelo para asegurar la exactitud de las

predicciones (141).

Existen multiples modelos predictivos para la deteccion de csPCa, pero s6lo unos pocos
han sido implementados con calculadoras de riesgo accesibles. La mas reconocida es la
calculadora de Rotterdam (www.prostatecancer-riskcalculator.com), desarrollada
inicialmente a partir de la cohorte de Rotterdam del European Randomized Study of

Screening for Prostate Cancer (ERSPC). El ERSPC fue publicado en 2009 y reportd una
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reduccion relativa del 30 % en la mortalidad especifica por cancer de prostata en el grupo
de hombres sometidos a cribado con PSA (145). Posteriormente, la seccion de Rotterdam
se convirtid en un referente al cuestionar el equilibrio riesgo-beneficio del cribado basado
exclusivamente en el PSA, proponiendo en su lugar el uso de factores predictores
adicionales para seleccionar con mayor precision a los candidatos a biopsia prostatica

(146).

Roobol et al. desarrollaron un modelo predictivo para estimar el riesgo de PCa y PCa de
alto grado, utilizando regresion logistica sobre variables independientes como el volumen
prostatico medido por TRUS, la presencia de areas hipoecoicas en la ecografia y los
hallazgos del DRE (147). Afos mas tarde, este modelo fue actualizado para incorporar
los hallazgos de la mpMRI, incluyendo el sistema PI-RADS v1, lo que consolid6 su uso

anivel mundial. El modelo ha sido validado externamente en multiples poblaciones (148).

Otro modelo predictivo ampliamente utilizado en la practica clinica es el desarrollado a
partir del Prostate Cancer Prevention Trial. Este modelo incorpora variables como la
edad, el PSA, el volumen prostatico y el antecedente de biopsias negativas para estimar
el riesgo de PCa (149). Distintos grupos han generado modelos predictivos basados en
variables clinicas tradicionales (150-153), mientras que otros han incorporado
biomarcadores séricos y urinarios como los incluidos en Stockholm-3, SelectMDx,

4Kscore o PHI (154-157).

La introduccion de la mpMRI ha cambiado el paradigma de la deteccion precoz del csPCa
y actualmente la mayoria de los modelos incorporan el PI-RADS como la variable
predictora de mayor peso (158). Ya que la estrategia actual de deteccion precoz del PCa
es evitar la sobredeteccion de iPCa, los modelos mas recientes tienden a predecir
solamente el riego de csPCa y no del CaP en general (125). La recomendacion vigente de
la European Association of Urology (EAU) para implementar el cribado del PCa en los
paises de la Union Europea consiste en estratificar a los varones con sospecha de PCa
mediante una primera evaluacién basada en la determinacion sérica del PSA con un
umbral superior a 3,0 ng/ml, con el objetivo de reducir la demanda de resonancias
innecesarias. Una vez realizada la MRI, una segunda estratificacion permite seleccionar
de manera mas precisa a los candidatos para biopsia prostatica (159,160). La EAU

considera que los modelos predictivos construidos a partir de variables clinicas
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constituyen el método mas eficiente para esta estratificacion, ya sea con el fin de reducir

el nimero de MRI o de biopsias prostaticas (160).

En este sentido, se hace necesario desarrollar modelos predictivos aplicables en dos
momentos distintos: uno para utilizar tras la sospecha clinica inicial de PCa, y otro
posterior a la realizacion de la MRI. En el primero, pueden incluirse variables como la
edad, los antecedentes familiares de primer grado, el tipo de biopsia (inicial o repetida) y
el tacto rectal (normal o sospechoso). Dado que el volumen prostatico es una de las
variables mas relevantes para predecir csPCa (161), pero suele no conocerse en esta fase,
Roobol et al. propusieron estimarlo de forma categodrica a través del tacto rectal. Esta
metodologia fue incorporada en el modelo ERSPC-Rotterdam (123), utilizando valores
medianos de volumen en tres categorias: prostatas pequefias (<30 cc), medianas (31-60
cc) y grandes (>60 cc) (162). En cuanto al segundo modelo, aplicable tras la realizacion
de la MRI, pueden mantenerse las variables clinicas mencionadas, incorporando ahora el
volumen prostatico estimado por la resonancia y la categoria PI-RADS, como predictor

clave.

Los modelos predictivos de Barcelona han sido desarrollos recientemente con el objetivo
de seleccionar candidatos a MRI (BCN-PM 1) y a biopsia prostatica (BCN-PM 2. Este
ultimo integra variables clinicas esenciales junto con los hallazgos de la mpMRI, y ofrece
ademds una calculadora de riesgo gratuita y adaptable a través de la web (

https://mripcaprediction.shinyapps.io/MRIPCaPrediction/ ) y recientemente en formato

app para dispositivos moviles accesible en BCNRC.com.

El BCN-PM 2 utiliza la edad, antecedentes familiares de PCa, biopsias previas negativas,
PSA, DRE, PI-RADS v 2.0 y volumen prostatico derivado de la MRI para predecir el
riego de csPCa en la biopsia prostatica. Fué desarrollado a partir de una cohorte de 1.486
varones con sospecha de PCa, sin recibir tratamientos con 5-ARIs, sometidos mpMRI y
biopsia prostatica dirigida a las lesiones sospechosas obteniendo entre 2 y 4 muestras de
cada una y/o una biopsia sistematica con 12 muestras en el Hospital Vall d"Hebron de
Barcelona entre 2016 y 2019. También fue validado externamente en 946 casos
reportados en dos centros del area metropolitana de Barcelona mostrando un rendimiento
diagnostico excelente. A diferencia de otros modelos, la calculadora de riesgo de
Barcelona permite seleccionar de forma personalizada el umbral de probabilidad de
csPCa deseado, optimizando asi la sensibilidad o especificidad segun el escenario clinico
y la categoria PI-RADS del paciente.
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Una de las aportaciones diferenciales del BCN-MRI PM es su andlisis estratificado segiin
categorias PI-RADS, que demostré que su utilidad clinica es maxima en los grupos con
PI-RADS <3 y PI-RADS 3, donde el juicio clinico es mas incierto. Por el contrario, en
pacientes con PI-RADS 4 o 5, el modelo confirma que la indicaciéon de biopsia es
practicamente ineludible, debido a la alta prevalencia de csPCa. Con un umbral del 15 %
de probabilidad de csPCa, el modelo de Barcelona logré evitar el 40 % de las biopsias
prostaticas innecesarias, con una tasa de no deteccion de csPCa del 5,4 % en la cohorte
de desarrollo y del 11,5 % en la cohorte de validacién externa. Estos resultados superan
claramente a la mpMRI sola, cuya especificidad en escenarios similares fue
significativamente inferior. A diferencia de otros modelos con rangos limitados, el modelo
de Barcelona permite incorporar valores clinicos reales sin restriccion. Ademas, evita el
uso directo del PSAD, al descomponerlo en sus componentes individuales, PSA y
volumen prostatico, eliminando asi la necesidad de célculos previos por parte del usuario

(163).
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2. JUSTIFICACION DEL PROYECTO






Justificacion del proyecto

El céancer de prostata (PCa) es la neoplasia maligna mas frecuentemente
diagnosticada en varones y la tercera causa de muerte por cancer. Clasicamente, su
sospecha se ha basado se en la combinacion de la determinacion sérica del antigeno
prostatico especifico (PSA) y del tacto rectal (DRE), mientras la confirmacion diagnostica
se ha establecido a través de la biopsia prostatica. El European Randomized Study of
Screening for Prostate Cancer (ERSPC) demostr6 una reduccion sostenida de hasta un
30% en la mortalidad especifica por PCa a partir del séptimo afio de seguimiento, a
expensas de la deteccion del PCa clinicamente significativo (csPCa). No obstante, la
metodologia cldsica empleada en este estudio evidenci6 limitaciones en términos de
especificidad, lo que derivd en un elevado nimero de biopsias innecesarias y la

sobredeteccion de canceres insignificantes (iPCa) y su sobretratamiento.

El paradigma de deteccion precoz del PCa ha cambiado, focalizandose en la deteccion
del csPCa. Esta evolucion ha sido posible gracias a la introduccion de la resonancia
magnética (MRI) prostatica y del Prostate Imaging-Reporting and Data System (PI-
RADS), que permite clasificar las lesiones detectadas segun el riesgo de csPCa. El valor
predictivo negativo de la MRI (PI-RADS < 3) supera el 90% evitando un niimero
relevante de biopsias prostaticas. Ademas, la MRI ha permitido desarrollar la biopsia
prostatica dirigida a las lesiones sospechosas de csPCa (PI-RADS > 3) aumentando su
deteccion. En este nuevo escenario, el European Council of Cancer Screening recomendo
el cribado poblacional del csPCa en 2022, y la European Association of Urology (EAU)
lo hace estratificando el riesgo de csPCa a través herramientas predictivas, con el objetivo
de racionalizar el uso de la MRI y reducir el nimero de biopsias innecesarias. El protocolo
actual de biopsia prostatica sugiere obtener entre 3 y 5 muestras de cada lesion sospechosa
mediante biopsias dirigidas realizadas con fusion de imagenes (MRI-TRUS) a las lesiones
PI-RADS > 3 y complementariamente obtener entre 10 y 12 muestras de la zona periférica
a través de la clasica biopsia sistematica. La via para realizar la biopsia prostatica
recomendada actualmente es la transperineal con el objetivo de limitar las complicaciones
sépticas y el consumo de antibidticos cuando se utiliza la via transrectal. Sin embargo,
este nuevo enfoque sigue presentando un elevado numero de biopsias innecesarias,
especialmente en lesiones PI-RADS 3 donde la tasa de deteccion de csPCa oscila entre el

8y 14% y la sobredeteccion de iPCa alcanza hasta el 50%.

Los modelos predictivos son mas eficaces que la densidad de PSA, ya que la incluyen

entre sus variables predictivas, y mas eficientes que los nuevos marcadores tumorales.
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Justificacion del proyecto

Los modelos predictivos permiten individualizar el riesgo del csPCa; sin embargo, deben
disponer de una calculadora de riesgo accesible para ser utilizados agilmente en la
practica clinica y de forma gratuita. El modelo predictivo de Barcelona de csPCa, que
incorpora la MRI (BCN-MRI PM) ademas de seis variables clinicas, fue desarrollado
después de analizar las deficiencias del modelo de Rotterdam que incorporaba la MRI,
pero habia sido adaptado al PI-RADS v 1.0, limitaba el rango de edad entre 50 y 75 afios
y de PSA entre 0.4 y 50 ng/mL. El BCN-MRI PM se desarroll6 con el PI-RADS v 2.0,
no presenta limitacion en los rangos de edad y PSA, y también dispone de un calculador
de riesgo accesible. El andlisis comparativo entre ambos modelos predictivos en nuestro

medio demostrd una superioridad de BCN-MRI PM.

La evidencia cientifica actual sugiere que la lectura experta de la MRI puede tener un
impacto clinico en la seleccion de candidatos a biopsia prostatica. Existen numerosos
intentos infructuosos para limitar el uso de la biopsia sistematica. Existen dudas respecto
de cudles son las plataformas mas apropiadas para realizar la biopsia prostatica
transperineal mediante fusion de imagenes (MRI-TRUS), y el protocolo mas adecuado
para obtener la maxima efectividad de la biopsia prostatica. Respecto del BCN-MRI PM,
debe ser validado en pacientes con sospecha de PCa tratados con 5-ARI por hiperplasia
benigna de prostata, cuando se utiliza el PI-RADS v 2.1, y también cuando se utiliza la
via transperineal y un protocolo de biopsia por saturacion de las lesiones sospechosas y
areas perilesionales. Estos aspectos deben permitir una la optimizacion de la deteccion

precoz del csPCa y constituyen la justificacion de nuestra hipdtesis de trabajo.
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3. HIPOTESIS






La presente tesis plantea la hipdtesis de que una estrategia diagnostica integrada
basada en la interpretacion experta de la resonancia magnética prostatica, la utilizacién
de modelos predictivos basados en MRI, el abordaje transperineal y la realizacion de
biopsias dirigidas mediante un protocolo de saturacion de las lesiones sospechosas y areas
perilesionales permite optimizar el diagnostico precoz del cancer de prostata clinicamente
significativo, aumentando su deteccion y reduciendo las biopsias innecesarias y el
sobrediagndstico de tumores clinicamente insignificantes. Asimismo, se postula que el
modelo predictivo BCN-MRI PM mantiene su capacidad discriminativa y su utilidad
clinica cuando se aplica en pacientes tratados con inhibidores de la 5-alfa reductasa,
evaluados mediante la clasificacion PI-RADS v2.1 y sometidos a biopsia prostatica por
via transperineal utilizando un protocolo de saturacion de lesiones sospechosas y areas

perilesionales.
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4. OBJETIVOS






OBJETIVO PRINCIPAL

Optimizar el diagnostico precoz del cancer de prostata clinicamente significativo
mediante la evaluacion de una estrategia diagnostica integrada basada en la interpretacion
experta de la resonancia magnética prostatica, la utilizacion de modelos predictivos
basados en MRI, el abordaje transperineal y la biopsia dirigida mediante protocolos de
saturacion de las lesiones sospechosas y areas perilesionales, asi como mediante la

validacion del modelo predictivo BCN-MRI PM en distintos escenarios clinicos.

OBJETIVOS SECUNDARIOS

1. Analizar el impacto clinico de la lectura experta de la MRI y limitar las biopsias

sistematicas a partir de un modelo predictivo.

2. Comparar la efectividad de la biopsia prostatica, realizada por via transrectal y

transperineal para detectar csPCa.

3. Comparar la eficacia de un protocolo de biopsia dirigida por saturacion (mapping cada
0.5 mm) a las lesiones sospechosas y areas perilesionales frente al protocolo actualmente
recomendado, analizando ademas la utilidad clinica de las plataformas de fusion MRI-

TRUS empleadas en el abordaje transperineal para la deteccion de csPCa

4. Validar el BCN-MRI PM en pacientes tratados con 5-ARI, clasificados con el PI-RADS
v 2.1, utilizando la via transperineal y un protocolo de biopsia dirigida por saturacion,
mapping cada 0.5 mm, a las lesiones sospechosas y areas perilesionales en una plataforma

apropiada.
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Concordance Between the Expert Reading of
Biparametric-MRI and the Nonexpert
Multiparametric-MRI for the Detection of
Clinically Significant Prostate Cancer: Clinical
Implications

Nahuel Paesano,!? Maria José Gutiérrez Vallecillo,? Violeta Catal4, !
Larisa Tcholakian,*? Xavier Alomar,! Miguel Barranco,' Abel Gonzilez-Huete,?
Jonathan Hernéndez Mancera, ™ Enric Trilla,”® Juan Morote”®

Abstract

This study analyzes the concordance between nonxpert radiologists’ readings of multiparametric MRI (mpMRI)
and expert readings of biparametric MRI (bpMRI) in the detection of clinically significant prostate cancer. A low
concordance (49.1%) was found, with expert reclassification potentially reducing prostate biopsies by 27%
and the over-detection of insignificant cancers, without compromising the detection of clinically significant
cancers.

Purpose: Prostate-magnetic resonance imaging (MRI) interpretation is challenging, with expertise playing a crucial
role. Biparametric MRI (bpMRY) is gaining popularity in experienced centers due to its time and cost advantages over
multiparametric MBI (mpMRI). We aim to analyze concordance between nonexpert radiologist PI-RADS from mpMRI
and expert radiologist PI-RADS from bpMRI, and its clinical implications. Material and Methods: 222 men suspected
of having prostate cancer (PCa) and mpMRI reported by nonexpert radiologists were referred to a reference center
for transperineal MRI-TRUS fusion biopsy where an expert radiologist reported bpMRI PI-RADS 2.1 and segmenta-
tion, blinded to external mpMRI. Mapping targeted suspected lesions and 12-core systematic biopsies were performed.
Clinically significant PCa (csPCa) was diagnosed when ISUP-grade group was >2. Results: Concordance between
both PI-RADS existed in 49.1% of cases (Kappa index 0.288). In 102 cases (45.9%), expert reclassification to lower
PI-RADS existed, while an increase existed in 11 cases (5.0%), P < .001. Agreement existed in 30.8% of nonexpert
PI-RADS 3, 43.6% of PI-RADS 4, and 83.7% of PI-RADS 5, P < .001. Potential clinical implications included 27%
reduction in prostate biopsies when using expert bpMRI readings compared to nonexpert mpMRI readings (P < 0.001),
while undetected csPCa were 4.2% and 3.4%, respectively, P = .669. Over-detection reduction of insignificant PCa was
29.4% and 0%, respectively, P = .034. Conclusions: Concordance between nonexpert PI-RADS mpMRI and expert
PI-RADS bpMRI was low, increasing with nonexpert PI-RADS. Expert reclassification would reduce prostate biopsies
by more than one quarter and over-detection of iPCa, while csPCa detection remained similar.
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Compendio de publicaciones

Expert Versus Nonexpert MRI Rcadings in Prostate Cancer Detection

The suspicion of PCa remains based on the serum measurement
of prostate-specific antigen (PSA) level and digital rectal exami-
nation (DRE); diagnosis rcquires a prostate biopsy." Screening is
contentious due to excessive biopsies and the over-detection of
insignificant tumors (iPCa), leading to over-treatment.’

Clinically significant Prostate cancer (csPCa) is commonly
defined as Gleason pattern 344 or higher, equivalent to grade
groups 2 to 5 by the International Society of Urologic Pathology
(ISUP).

Recent advancements propose complementary tools to reduce
unnccessary biopsics and over-detection of iPCa, including new
molecular markers, predictive models, and dassic PSA density.
However, the most significant progress in early csPCa detection
has come from prostace magnetic resonance imaging (MRI) and
targeted biopsies of suspicious areas.” The evolurion of multipara-
metric MRI techniques (mpMRI) and overall improvementin inter-
pretation through the Prosaate Imaging-Report and Data System
(PI-RADS) have been essential to identifying the semi-quantitative
risk of ¢sPCa in suspicious arcas.”

Dynamic contrast-enhanced (DCE) MRI has a limited role in PI-
RADS categorization, primarily enhancing peripheral zone findings
with a diffusion-weighted image (DWI) score of 3. For improved
visibility of ¢sPCa, multiparametric MRI (mpMRI) is preferred,
aiding in focal therapy planning and active surveillance.” However,
DCE-MRI with gadolinium chelate raises concerns due to poten-
tial gadolinium retenton, nephrogenic systemic fibrosis risk, longer
examination time, and higher costs.'”""" Interest is growing in
abbreviated prostate MRI protocols without DCE-MRI, known
as biparametric MRI (bpMRI). Several studies using PI-RADS v2
report that the diagnostic accuracy of bpMRI for detecting csPCa is
comparable to that of mpMRL "

Thesc innovations and PI-RADS score cvolution for categorizing
prostate lesions, ranging from very low to high csPCa suspicion,
led to sofrware development merging MRI findings with real-time
transrectal ultrasound (TRUS) images. '

Inter-reader MRI variahility and radiologist experience are
variables that determine the correct detection of ¢sPCa. The liter-
ature lacks a single definition of an expert radiologist, with criteria
ranging from a minimum of 1000 cases or three years in prostate
imaging to board-certified uro-radiologists with 5 to 12 years of
prostate MRI experience. "

Our main objective is to analyze the concordance degree of
PI-RADS scores of index lesions reported from the nonexpert
mpMRI and the expert bpMRI reading, in men suspected of having
PCa undergoing transperincal MRI-TRUS fusion and systematic
prostate biopsies. Secondarily. we aim to assess the influence of the
concordance degree on the number of biopsies needed, and the rates
of &sPCa detection and iPCa over-detection. Additionally, we aim to
assess predictive factors influencing the concordance degree between

both PI-RADS categorics.

Material and Methods
Design, Seiting, and Participants

This retrospective analysis was based on the first-year prospective
trial validating Barcclona risk calculators for detecting csPCa'® "
at Creu Blanca Clinic. Barcelona, Spain—a specialized center for
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uansperineal MRI-TRUS fusion prostate biopsy. From January 1,
2022 to December 31, 2022, 222 men with suspected PCa (PSA
>3.0 ng/mL and/or abnormal DRE) were referred for biopsy bascd
on mpMRI findings interpreted by general radiologists. A prebiopsy
bpMRI, segmented and classified on PI-RADS v2.1, was performed
independently of external mpMRIL The study adhered to START
guidelines,” used anonymized data, and received Vall d'Hebron
Ethics Committee approval (PRAG-02/2021), supported by Insti-
tuto de Salut Carlos I1I of Spain (P120/01666).

Intervention

To Analyze the concordance between PI-RADS scores from
general radiologist-reported mpMRI at the index lesion and experi-
enced radiologist-reported prebiopsy bpMRI for lesion segmenta-
tion and PI-RADS v.2.1 reclassiication. Evaluate potential clinical
implications of this reclassification.

MRI bnage Acquisition Data and Segmentation

The prebiopsy bpMRI at Creu Blanca Clinic used a Siemens
Verio™ 3 Tesla MRI Scanner with a pelvic-phased array. The proto-
ol compriscd TSG-SET2 transversal scctions, coronal and sagitral
TSET2 sequences (2D and 3D), DWT (b-values: 1600-2000-3000
s/mm?), and ADC mapping. An experienced uro-radiologist, with
15+ ycars and 1,500+ annual MRI rcadings, reclassified external
mpMRI lesions using PI-RADS v2.1 based on bpMRI for segmen-
tation.”’ The ProFuse™ system aided semi-automatic segmenta-
ton of up t three suspicious lesions, meeting European Society
of Urogeniral Radiology criteria”. Men with suspected PCa and
lesions reclassificd to PI-RADS scorc 2 underwent the same biopsy
protocol as those who had targeted and systematic biopsies. The
Prostate Imaging Quality (PI-QUAL) scores of the external mpMRI
were of sufficient diagnostic quality, scoring > 3.7

Transperineal Prostate Biopsy

Prostate biopsies were performed transperineally in the lithotomy
position under general anesthesia by four experienced urologists.
MRI-TRUS image fusion was performed with the ARTEMIS™
robotic system (Eigen, California, USA). Core biopsy samples were
obtained using the BARD Magnum'™ gun with 18-gauge x 20-cm
prostate biopsy needles (Bard Care. Crawley, UK) under ultrasound
vision (HITACHI ALOKA NOBLUS™, HITACHI, Connecticut,
USA).

The biopsy protocol included mapping-targeted biopsies, obrain-
ing a maximum of three samples from suspicious areas through
0.5-mm mapping per lesion and perilesional region. A subscquent
systematic biopsy, following the ARTEMIS™ platform scheme,
comprised 12 cores, excluding suspicious areas. Systematic biopsy
cores were individually numbered as independent samples 1 to 12,
while cores from suspicious areas were grouped as samples 13 to 15.

Histopathological Diagnosis

A urologic pathologist with over 10 years of prostatic pathology
experience analyzed the material. The pathology report included
the number of positive cores, tumor length, and the International
Socicty of Urologic Pathology (ISUP) grade group. CsPCa was
defined as ISUP-GG 2 or higher.”**
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Available Variables for the Study

Age, family history of PCa (frst degree), biopsy type (initial
vs. repeated), DRE result (normal vs. suspicious), DRE prostate
volume caregory (small, medium, large), PSA level (ng/ml), MRI
prostate volume, number of suspicious areas, external PI-RADS
score, expert PI-RADS v2.1 score, maximum lesion diameter (mm),
lesion site (right vs. left), and location (peripheral base-center,
peripheral apex, central-transition zone, or antcrior zonc). Pathol-
ogy findings covered ISUP grade group, lengrh per affected core,
total core count, and positive samples categorized by location in
systematic and mapping-targeted biopsies.

Endpoint Variables of the Study

The main endpoint variable of this study was the reclassifica-
tion of PI-RADS score. Additionally, we examined the hypothetical
decrease of prostate biopsics, the impact on detecting csPCa, and
the potendal over-detection of iPCa.

Statistical Analysis

Quantitative variables were presented as medians and interquar-
tle ranges (IQR: 25th-75th percentile), while qualitative variables
were expressed as pereentages. Pearson’s chi-square test assessed the
association among qualitarive variables. Concordance between PI-
RADS categories from nonexpert and expert MRI readings was
evaluated using the Kappa index. Binary logistic regression ident-
fied independent predictive variables for concordance, providing
odds ratios (OR) and 95% confidence intervals (95% CI). Signif-
icance was considered for P values < .05. Statistical analysis urilized
SPSS v.25 (IBM Corp., Armonk, NY, USA).

Results

The characteristics of the 222 men included in this study are
shown in Table 1. The median age at biopsy was 67 ycars (IQR:
61-72) with a median serum PSA level of 6.8 ng/mL (IQR: 5.0-
9.2). The median prostate volume, as reported from MRI, was 47
ce. (IQR: 35-65). In 29 men (13.6%), a family history of PCa
existed, and 40 men (18.8%) had undergone at least one previous
negative biopsy. DRE was suspicious in 24 men (11.3%). In 169
cases, only one suspicious lesion existed (76.1%), in 43 (19.4%)
two, and in 10 cases, three (4.5%). PL-RADS score reported from
the external mpMRI of the index lesion was 2 in 4 men (1.8%),
3in 26 (11,7 %), 4 in 149 (67.1%) and 5 in 43 (19.4%). The
median cores obtained for each patient was 21 (IQR: 19-24). In
total, 152 (68.5%) patients have been diagnosed with PCa, of which
118 (53.2%) were csP’Ca and 34 (15.3%) were 1’Ca.

When considering the corrclation between PI-RADS scorces for
index lesions reported by general radiologists in mpMRI conducted
at external centers and those reported by an experienced radiolo-
gist in prebiopsy bpMRI at the study center, we observed concur-
rence in 109 cases (49.1%) with a Kappa index of 0.288, Figure 1.
Overall, in 102 cases (45.9%), experienced radiologists reduced the
PI-RADS score, while in 11 (5.0%) increased the PI-RADS score (7
< 001). Correlation between expert and nonexpert reading accord-
ing to the nonexpert PI-RADS is summarized in Table 2. Concor-
dance between nonexpert and expert reading was greater as the PI-
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Table1  Characteristics of Men With Suspected PCa
Referred for Prostate Biopsy at the Study Center.

Characteristic Measurement
Number of men 222
Median age (IQR), years 67 (61-72)
Median PSA (IQR), ng/mL 68(5.0-92)
Suspicious DRE, n (%) 24(113)
Repeated biopsy. 1 (%) 40(188)
PCa family history, n (%) 29(136)
Median Frostate volume (IQR), co 47 (35-65)
mpMRI lesions. n (%)

1 169(76.1)

2 43(194)

3 10(45)
PFRADS of the index lesion, n (%)

2 4(18)

3 26(11.7)

4 149(67.1)

5 43(194)
Median larger diameter of the index lesion, mm (IQR) 11(8-15)
Location of index lesions. n (%)

Peripheral zone 157 (70.7)

Trensitional-central zone 60(27.0)

Anterior zone 5(23)

Apical zone 65(29.3)
Median cores obtained, n (IQR) 21(19-24)
PCa detection, n (%) 152 (68.5)
csPCa detection, n (%) 118(53.2)
iPCa detection, n (%) 34(153)

Abbreviaions: n = number IQR = interquartile range; PSA —= prostate-specific antigen;
DRE = digital rectal examination; mpMRI = muliiparametric magnetic resonance imaging; PI-
RADS = prostate imaging-report and datasystem; PCa = prostate cancer; cs =clinical ly signf-
icanl; i = insignificant.

RADS score increased. It was 30.8% in PI-RADS 3, 43.6% in PI-
RADS 4 and 83.7% in PI-RADS 5, Figure 2.

Characteristics of the relationship between the histopathological
results corresponding to the index lesion biopsies and the PI-RADS
score of the MRIs read in the study center and external centers are
detailed in Table 3. Of the 64 men with an index lesion catego-
rized by the expert center as PIRADS 2, 49 men (76.6%) did not
have PCa and 10 (15.6%) were diagnosed with GG1 PCa. The
over-detection of iPCa was lower with expert reading in suspected
PI-RADS 4 lesions, while no differences were found between both
rcadings in PI-RADS 5 lesions. Detection of csPCa increased along
with increasing PI-RADS score in expert readings. In contrast, this
correlation was not observed in the evaluations performed by general
radiologists. Following expert criteria, 64 (28.8%) suspicious images
reported by external centers as PI-RADS score > 3 were lowered
to PI-RADS category 2. Considering that prostate biopsy could
be avoided in men with PI-RADS < 3, expert reading could have
avoided 28.8% of prostate biopsies while reading by general radiol-
ogists could have avoided 4 biopsics (1.8%), = .021. If they had
not been biopsied. 5 (4.2%) of csPCa would have been missed by
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Figure 1

Correlation between the PI-RADS score in the index lesion reported in the mpMRI performed at external centers, and
the PI-RADS reported by an experienced radiologist in the prebiopsy bpMRI performed at the study center.

PI-RADS reported at the study center, n (%)
g )
e 1 2 3 4 5 All
g
£ 1 0(0)
2
< 2 4(1.8)
£
= 3 26 (11.7)
©
& 4 149 (67.1)
Qo
]
§ 5 43 (19.4)
E All 0 |64(28.8)|44(19.8)| 73(32.9) |41 (18.5)| 222(100)

Concordance between PI-RADS =109/222 (49.1%); Kappa index =0.288; p <0.001

Table 2 | Correlation of PI-RADS Scores Between General and Expert Radiologists Across Different Centers.

PI-RADS from external Number of cases, (%) PI-RADS from the study center, n (%) PValue
centers

Decrease Concordance Increased
1 0(0) 0(0) 0(0) 0(0) -
2 4(1.9) 0(0) 0(0) 4(100) -
3 26(11.7) 14(538) 8(308) 4(154) < 001
4 149 (67.1) 81 (544) 65 (42.6) 3(20) < .001
5 43(19.4) 7(16.3) 36(83.7) 0(0) z
Al 22 (100) 102(45.9) 109 (49.1) 11(50) < 001

Table 3 | Prostate Biopsy Results and PI-RADS Scores From External and Study Center MRI Exams.

PI-RADS Center | Cases, n(%)| NoPCa,n(%) | GG1n(%)| GG 2n(%)| GG3n (%) | GG4n (%) | GG5n (%)
1 Extarnal centers 0 0 ] 0 0 0 0
Study center 0 0 0 0 0 0 0
2 External ceniers 4(18) @) 0(0) 3(75.0) 0(0) 0(0) 1(25.0)
Study center 64 (28.8) 49(766) 10(15.6) 2(3.) 1(1.6) 1(1.6) 1(16)
3 External centers 26 (11.7) 13 (50) 5(19.2) 6(231) 0(0) 2(7.2) 0(0)
Study center 44 (198) 17(386) 16 (36.4) 9(20.5) 2(4.9) 0() 0(0)
4 External centers 149 (67.1) 52(349) 26 (17.4) 43 (28.9) 19(12.8) 7(47) 2(13
Study center 73 (32.9) 3(41) 5(68) 41 (56.2) 15(20.9) 8(11.0) 1114
5 External centers 43 (19.4) 5(11.6) 3(70) 13(30.2) 12(279) 3(7.0) 7(16.3)
Study center 41 [18.5) 1(24) 3(73) 1331.7) 13(31.7) 3(7.9) 8(19.5)
All All 222 (100) 70(315) 34(153) 65 (29.3) 31(14.0) 12(54) 10 (4.5)

Abbieviations: P-RADS = piostate Imaging-report and ddasystem, PCa = prostale cancer, GG = ISUP grace group significant PCa.
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Figure 2 Concordance degree between the PI-RADS score reported in the index lesion of mpMRI performed at external centers

and that reporled at the study center, according to the referred PI-RADS.

PI-RADS 2 4 0/4 (0%)

PI-RADS 3 8/26 (30.8%)

p <0.001
PI-RADS 4 65/149 (43.6%

p <0.001

PI-RADS 5

|

o

10 20 30 40 50 60 70 80 90 100
Percentage

Parameter Strategy for Prostate biopsy: PValue
" All referred men Only referred Only study center
PI-RADS = 3 PI-RADS =3
Prostae biopsies, n (%) 222 (100) L4(18) 164288) =.021
csPCa detection, n (%) 118 (532 14(34) 1502 — 663
iPCa over-detection, n (%) 34(153) 10(0) 110(294) =034

Abbreviations: csPCa =clinically significant prostate cancer; iPCa = irsignificant prostate cancer; PI-RADS = prostate imaging-report and data system.

the expert reading compared to 4 (3.4%) by nonexpert reading,
P =.669. Regarding the over-detection of iPCa. the reclassification
of PI-RADS by expert reading would reduce the detection of 10
(29.4%) iPCa while none by nonexpert reading, 2 = .034. Table 4.
The four men (100%) in whom nonexpert reading suggested as
PIRADS 2, had aggressive PCa, in threc an ISUP grade group 2
was found and 5 in one, Figure 3. An example of the disagree-
ment between expert and nonexpert readings is shown in Figure 4A,
Figurc 4B.

The multivariate analysis conducted using the available variables
in this study revealed thar the nonexpert PI-RADS score, and
prostate volume independently predicted the concordance between
nonexpert and expert PI-RADS, "Table 5. Specihcally, the level of
concordance increased with the rise of the noncxpert PI-RADS,
OR 3.925 (95% CI 1.888-8.160), I < 0.001. Concerning prostate
volume, concordance increased as its volume decreased, OR 0.359
(95% CI 0.162-0.795), P = 0.012. A notable impact of prostate
volume on concordance was observed exclusively in nonexpert PI-

RADS 4, with no significant influence in PI-RADS 3 and 5.

Discussion

Expertise in prostate MRI interpretation lacks a standardized
definition. Some suggest a radiologist becomes expericnced after
interpreting at least 500 cases, while others set the threshold at 1000
cases.'** Alternatively, experience may be measured in years, with
three, five, or twelve years in prostate imaging considered as experi-
enced.'* Histopathological feedback and case volume are crucial
for expertise.”

There is a notable absence of studies comparing nonexpert
mpMRI reading with expert bpMRI reading, especially with
PIRADS v2.1. Our study aimed at investigating the concordance
degree between both nonexpert reading using mpMRI and the
reclassification of lesions through expert reading using bpMRI. We
also aimed to understand the impact of different readings on the
detection of sPCa. Literature recognizes bpMRI for its speed, cost-
cffectiveness, and sccurity, prompting our interest in evaluating
expert reading in bpMRL*+*

We observed agreement between expert and nonexpert report of
PI-RADS score of index lesions readings in less than half of cases
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Figure 3 | CsPCa detection according to the PI-RADS reported at external centers and study center.
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Figure 4A External Center Report: A 14 mm lenticular-shaped area located in the transition zone, left lobe, mid-region, posterior
segment, shows signal hypointensity on T2-weighted sequences and diffusion restriction, consistent with PIRADS 4.
Study Center Report: An area of hypointensity on T2-weighted sequences is found within a nodule, with mild restriction
similar to the adjacent transition zone, which is therefore recategorized as PIRADS 2. Biopsy result: Negative for
malignant prostate neoplasia in both systematic biopsies and Target biopsy.
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Figure 4B External Center Report: A 10 mm area located in the peripheral zone, left lobe, mid-region, posteromedial segment,
showing signal hypointensity on T2-weighted sequences and marked diffusion restriction, consistent with PIRADS 4; an
8 mm lesion with similar characteristics in the peripheral zone, right lobe, mid-region, posteromedial segment. Study
Center Report: An area of signal hypointensity on T2-weighted sequences with linear margins, showing mild restriction
on diffusion sequences, findings suggestive of prosiatitis, recategorized to PIRADS 2. Biopsy result: Negative for
malignant prostale neoplasia in both systematic biopsies and Targel biopsy.

Transverse Sagittal

(49.1%) with a low grade of concordance. Consistent with our
results, other studics have reported fair agreement between readers
and differences among radiologists in lesion characterization.” **
Garti et al. emphasized the importance of reader experience in assess-
ing bpMRI, aligning with our results.”” Among 64 men with lesions
recategorized by the expert reading with bpMRI as PIRADS 2, 49
patients (76.6%) did not have PCa, and 10 (15.6%) were diagnosed
with GG1 PCa. In a recent study, results paralleled ours in terms of
expert reading. Out of 116 index lesions, 45 were reclassified with
a PI-RADS scorc 2 or less, exempring them from prostate biopsy.
The study also highlighted discrepancies between nonexpert and
expert readings, corroborating our findings.™ Notably, all men with
a reclassified PI-RADS score of 2 underwent prostate biopsy, with a
low csPCa rate {4.2%), and those with an external PI-RADS score
of 2 were reclassified to highcr PI-RADS, all having csPCa (100%).
The detection of ¢sPCa increased with rising PI-RADS scores in
expert readings, contrary to assessments by general radiologists. This
contradicts findings by Boschheidgen et al., who reported increased
csPCa detection with higher PI-RADS scores in both readings.”
Kang et al. and Soon etal. also reported correlations between higher
Likert scores or PI-RADS scores and increased osPCa detection,

especially in experienced group readings.”” "’

Improving reader experience significantly reduces the tendency to
over-detect iPCa. Boschheidgen ct al. conducted a study comparing
readings from experts and nonexperts in prostate MRI imaging for
45 -year-old men, revealinga 71% reduction in iPCa detection when
using PI-RADS = 4 as the biopsy threshold.”

In the context of prostate volume, it becomes evidenr that
prostate size influences the accuracy of nonexpert readings. Gatti
et al. reported that in cases of PI-RADS 4, smaller prostatic
volumes were associated with undetected lesions among readers with
intermediate cxperience (young radiologists with 300 cases). The
cancer detection rate significantly decreases in small and heteroge-
neous prostates, emphasizing the impact of experience on accurate
readings.”

Based on the criteria of avoiding prostate biopsy when PI-RADS
catcgor)' i.'} lCSS tllan [l‘erC,‘ CXPCI'I rcading eruCCd rhC nCCd for
prostate biopsies by 28.8%, compared to 1.8% with nonexpert
reading of mpMRL. This aligns with findings by Boschheidgen et al.
who obscrved a 20% reduction in biopsics for PI-RADS 3 to 5 in
expert reading.”’

The PI-RADS v. 2.1 reading model can be applied withour the
use of conuast for PI-RADS 3 lesions in the peripheral zone, as
the dominant sequence in this region is the diffusion-weighted
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Table 5

Univariate and Multivariate Analysis of Variables Predicting PI-RADS Score Correspondence Across Different Centers.

Univariate analysis Multivariate analysis

0dd ratio (95% Cl) PValue 0dd ratio (95% CI) PValue
Age, Ref. < 66 years 1.997 (1.167-3418) =.011 2.171(0.960-4.913) =063
PCa family histary, Ref. no 0.975(0.446-2.131) =550 0.776 (0.263-2.132) =623
Previous negative prostate biopsy, Ref. no 1.003 (0.491-2 048) =993 0.761(0.310-1.885) = 551
Serum PSA, Ref. = 6.8 ng/mL 2,407 (1.455-4.287) <.001 1.703 (0.769-3.677) =175
Digital rectal examination, Ref. nomal 3.088 (1.265-7.533) =.010 2.623 (0.868-7.929) =088
Prostate volume, Ref. < 47 ce 0.371(0.216-0.638) <.001 0.359 (0.162-0.7%) =.012
mpMRI, Ref. PIRADS =3 3.052(1.29%-7.194) =.008 3.925 (1.868-6.160) < .001
Number of suspicious lesions, Ref. one 2.785(1.451-5.346) =.002 1.703 (0.792-3.662) =173
Largest diameter of index lesion, Ref. =11 mm 2.506 (1.500-4.464) <.001 1.122 (0.496-2.539) =.783
Central zone location of index lesion, Ref. no 0.549 (0.300-1.006) =.051 0.606 (0.243-1.514) =284
Apical zone location of index lesion, Ref. no 1.705 (0.950-3.060) =073 1559 (0.580-3.569) =29

Abbreviations: PLa = prostaie cancer, PSA = Frostats spefic antigen; mpMAl = multiparametnic magnetic iesonance imaging

sequence. Contrast material is only relevant for a potential upgrade
o PI-RADS 4 in those PI-RADS 3 lesions that show enhancement
after contrast administration. For this reason, in our study, there
might be a higher proportion of PI-RADS 3 lesions in the expert
interpretation using bpMRI. "

To our knowledge, this is the first study comparing nonexpert
mpMRI reading with expert bpMRI reading using PI-RADS V
2.1. We assess the clinical impact by comparing with histopatho-
logical results. A strengeh is the blind reporting of bpMRI by an
expert without prior exposure to mpMRI. Limirations include a
retrospective, single-center design with a limited patient cohort. The
abscnce of intravenous contrast may impact lesion upgrading, affect-
ing biopsy considerations for PI-RADS 4 or higher lesions. The high
expertise of our radiologists may limit study reprodudibility.

Further studies are warranced 1o assess the agreement between
expert and nonexpert radiologists in reading bpMRI, validate
bpMRI, and understand the dinical impact of reducing biopsics
through expert bpMRI reading. Additionally, investigations should
explore whether a bpMRI without contrast, coupled with expert
reading, suffices in a prebiopsy setting.

Conclusion

Concordance between nonexpert PI-RADS mpMRI and expert
PI-RADS bpMRI was low and itincreased as the PI-RADS mpMRI
score was higher. The reclassificarion of PI-RADS category with
expert reading would reduce the need of prostate biopsies more than
one quarter, without reducing csPCa detection, and decreasing the
over-detection of iPCa.

Clinical Practice Points

* Patient Summary: The experience of radiologists plays a crucial
role in accurately interpreting magneric resonance imaging (MRI)
findings and categorizing lesions based on PI-RADS scores.
Expert reading of bpMRI improves the early detection of csPCa
compared with nonexpert reading of mpMRI.

« What the Study Adds: The study highlights the dinical impor-
tance of expert bpMRI readings in guiding patient management

Clinical Genitourinary Cancer 2024

dedisions. By reducing unnccessary biopsies without compromis-
ing csPCa detecrion rates, expert interpretation of bpMRI offers
potential benefits in optimizing resource utilization and minimiz-
ing unnccessary biopsics.
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Simple Summary: Targeted biopsies of suspicious lesions on multiparametric magnetic resonance
imaging (mpMRI) improve the sensitivity of systematic biopsies for clinically significant prostate
cancer (csPCa) detection. However, systematic biopsies are still recommended, since a small, albeit
significant, percentage of csPCa is only detected in them. In a contemporary series, 13.9% of ¢sPCa
cases were only detected in systematic biopsies, which represented 6.7% of its overall detection
rate. The finding of independent predictive factors for csPCa detection in targeted biopsies allowed
the possibility to develop a predictive model for avoiding systematic biopsies with a low risk of
missing csPCa.

Abstract: The primary objective of this study was to analyse the current accuracy of targeted and
systematic prostate biopsies in detecting csPCa. A secondary objective was to determine whether
there are factors predicting the finding of csPCa in targeted biopsies and, if so, to explore the utility
of a predictive model for csPCa detection only in targeted biopsies. We analysed 2122 men with
suspected PCa, serum PSA > 3 ng/mL, and/or a suspicious digital rectal examination (DRE), who
underwent targeted and systematic biopsies between 2021 and 2022. CsPCa (grade group 2 or higher)
was detected in 1026 men (48.4%). Discrepancies in csPCa detection in targeted and systematic
biopsies were observed in49.6%, with 13.9% of csPCa cases being detected only in systematic biopsies
and 35.7% only in targeted biopsies. A predictive model for csPCa detection only in targeted biopsies
was developed from the independent predictors age (years), prostate volume (mL), PI-RADS score
(3 to 5), mpMRI Tesla (1.5 vs. 3.0), TRUS-MRI fusion image technique (cognitive vs. software), and
prostate biopsy route (transrectal vs. transperineal). The csPCa discrimination ability of targeted
biopsies showed an AUC of 0.741 (95% CI 0.721-0.762). The avoidance rate of systematic prostate
biopsies went from (.5% without missing csP’Ca to 18.3% missing 4.6% of csPCa cases. We conclude
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that the csPCa diagnostic accuracy of targeted biopsies is higher than that of systematic biopsies.
However, a significant rate of csP’Ca remains detected only in systematic biopsies. A predictive model
for the partial omission of systematic biopsies was developed.

Keywords: clinically significant prostate cancer detection; systematic biopsy; targeted biopsy;
prostate biopsy concordance

1. Introduction

Prostate cancer (PCa) is the leading malignant tumour in men from industrialised
countries [1]. The European Randomised Screening for Prostate Cancer (ERSPC) trial has
shown a persistent decrease in PCa-specific mortality over more than 20 years of follow-up
due to the early detection and treatment of clinically significant PCa (csPCa) in the Goteborg
section of ERSPC [2]. The early detection of PCa has evolved towards csPCa due to the
spread of multiparametric magnetic resonance imaging (mpMRI) and targeted biopsies
of suspicious lesions [3]. The high negative predictive value of mpMRI has allowed for a
reduction in the number of unnecessary biopsies [4], and targeted biopsies have increased
the sensitivity of systematic biopsies for csPCa [5]. However, systematic biopsies remain the
only way to biopsy men with high risks of csPCa and negative mpMRI, with some csPCa
cases only detected in systematic biopsies still being mpMRI-positive [6,7]. A recent study
based on the Goteborg prostate cancer screening trial suggested that targeted biopsies are
sufficient in men with a prostate imaging report and data system (PI-RADS) score of 3 or
higher [5], while 20% of csPCa cases are missed [Y]. In contrast, other studies have suggested
that targeted biopsies could be avoided in men with serum prostate-specific antigen (PSA)
levels over 10 ng/mL and an abnormal digital rectal examination (DRE) result in order
to decrease the demand for mpMRI, given that almost all csPCa cases are detected in
systematic biopsies carried out in these men at high risk of csPCa [10,11]. The transperineal
route has recently been recommended for reducing the infectious complications of the
transrectal route [12-15]. Systematic biopsy currently includes twelve needle sticks, often
detecting insignificant cancer lesions, causing pain and other adverse effects. Targeted
biopsies include few needle sticks, and they detect more significant cancer lesions and
fewer insignificant cancer lesions than systematic biopsies [6,7,16].

The Barcelona predictive models and risk calculators were developed to predict the
risk of csPCa detection just after PCa suspicion to avoid unnecessary mpMRI exams
and before mpMRI to improve candidate selection for prostate biopsy. Both predictive
models were developed at our centre and externally validated in the metropolitan area
of Barcelona [17,18]. Currently, both models are being validated in Catalonia, a country
with 7,900,000 inhabitants, in a prospective trial. The main objective of this study is to
analyse the accuracy of targeted and systematic biopsies for the detection csPCa in a current
population of suspected PCa. We also aim to identify independent predictive factors for
the detection of csPCa in targeted biopsies and to develop a predictive model for the partial
omission of systematic biopsies.

2. Materials and Methods
2.1. Design, Setting, and Participants

Among 3.557 men with suspected PCa, due to serum PSA > 3 ng/mL and/or a
suspicious DRE result, enrolled in a prospective trial for the validation of the Barcelona
risk calculators [17,18] at 10 centres in Catalonia (Spain), 2122 men underwent TRUS-MRI

fusion targeted biopsy and systematic prostate biopsy consecutively between 1 January
2021 and 31 December 2022.
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2.2. MRI and Prostate Biopsy

MpMRI exams were always performed at each participant centre and reported with
PI-RADS v.2.0 by an experienced radiologist. A pelvic phased-array surface coil was always
used as a 1.5 or 3.0 Tesla MRI magnetic field strength.

MRI-TRUS fusion images were obtained using the cognitive or software technique.
TRUS-assisted prostate biopsy was performed via the transrectal or transperineal route.
Targeted biopsies of suspected lesions (PI-RADS > 3) were performed, obtaining between
2 and 6 cores, and 12-core TRUS systematic prostate biopsy was also conducted. Prostate
biopsies were performed by an experienced urologist at each centre.

Biopsy material was analysed in the pathology department of each participant centre
by an experienced pathologist using the International Society of Urologic Pathology grade
group (GG) to classify PCa. CsPCa was reported when GG was 2 or higher [19].

2.3. Qutcome Variable

CsPCa detection in systematic and targeted biopsies was the outcome variable for
this study.

2.4. Candidate Predictive Variables for the Concordance Degree of csPCa Detection belween
Systematic and Targeted Biopsics

The candidate predictive variables for the concordance between the systematic and
targeted biopsies were age (years), serum PSA level (ng/mL), the type of biopsy (initial
vs. repeat), PCa family history (no vs. yes), DRE (normal vs. abnormal), prostate volume
(mL), PI-RADS v.2 score (3 vs. 4 vs. 5), the magnetic field strength of mpMRI (1.5 vs.
3 Tesla), TRUS-MRI image fusion technique (cognitive vs. software), and the type of biopsy
route (transrectal vs. transperineal). If independent predictive variables were found,
the clinical utility of a predictive model developed to predict csPCa in targeted biopsies
could be ve-rified.

2.5. Statistical Analysis

A statistical analysis was carried out through the harmonisation of the anonymised
data sets provided by each participant centre. Quantitative variables are defined as medians
and interquartile ranges (IQR: 25-75 percentile). Qualitative variables are defined as
percentages. The recodification of quantitative to qualitative variables was performed
to estimate the complementarity of the systematic and targeted biopsies. Odds ratios
(ORs) and 95% of confidence intervals (Cls) were calculated. The concordance degree
of the systematic and targeted biopsies was assessed with the Pearson chi-square test.
Independent predictive variables of the concordance between the systematic and targeted
biopsies were assessed in a binary logistic regression analysis. A predictive model for the
ability to detect csPCa in targeted biopsies was developed from the identified independent
predictors of csPCa detection in targeted biopsies. A receiver operating characteristic (ROC)
curve was generated, and the area under the curve (AUC) was calculated to assess the
discrimination ability of targeted biopsies to detect csPCa. The corresponding specificities to
100, 97.5, and 95% sensitivity threshold likelihoods were assessed, and the rates of avoided
unnecessary systematic biopsies for csPCa were undetected. Significant differences were
considered when p values were lower than 0.05. SPSS v.25 was used to perform this
statistical analysis.

3. Results
3.1. Characteristics of the Study Cohort

The characteristics of the men with suspected PCa selected for this study are presented
in Table 1. We found a median age of 68 years and a median serum PSA level of 7.3 ng/mL.
The percentage of men with an abnormal DRE was 26.9%, that of repcat prostate biopsies
was 33.4%, and that of PCa family history was 7.3%. The median prostate volume was
53 mL. mpMRI was performed with a 3 Tesla scan in 70.5% of cases, whereas for 29.5%
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of cases, we performed a 1.5 Tesla scan. The percentage of men with a PI-RADS score of
3 was 22.9%, and the percentages of those with PI-RADS scores of 4 and 5 were 54% and
23.1%, respectively. The TRUS-MRI image fusion technique used for targeted biopsies was
cognitive in 42 3% of cases, and the software technique was used in 57.7%. The route of
prostate biopsy was transperineal in 60.6% of cases and transrectal in 39.4%.

PCa was detected in 1424 men (67.1%), with csPCa in 1026 (48.4%) and insignificant
PCa in 398 (18.7%).

Table 1. Characteristics of men subjected to systematic and targeted biopsies.

Characteristic Measurement

Number of men, n 2122
Median age, years (IQR) 68 (62-73)
Median serum PSA, ng/mL (IQR) 7.3(5.2-11.0)
Abnormal DRE, n (%) 570 (26.9)
Repeat prostate biopsy, n (%) 708 (33.4%)
P’Ca family history, n (%) 154 (7.3)
Median prostate volume, mL (IQR) 53 (39-95)
3 Tesla mpMRI, n (%) 1493 (70.5)
PI-RADS 3, n (%) 485 (22.9)
PI-RADS 4, n (%) 1146 (54.0)
PI-RADS 5, n (%) 491 (23.1)
Software TRUS-MRI image fusion, n (%) 1224 (57.7)
Transperineal route, n (%) 1286 (60.6)
ISUP grade group of detected tumours, n (%)

1 398 (27.9)

2 522 (36.7)

3 184 (12.9)

4 172 (12.1)

5 148 (10.4)
PCa, n (%) 1424 (67.1)
csPCa, n (%) 1026 (48.4)

PSA = prostate-specific antigen; DRE = digital rectal examination; PCa = prostate cancer; csPCa = clinically signifi-
cant PCa; IQR = interquartile range; mpMRI = multiparametric magnetic resonance imaging; PI-RADS = prostate
imaging report and data system; TRUS-MRI = transrectal ultrasound-magnetic resonance imaging; n = number;
ISUP = international society of urologic pathology.

3.2. Analysis of Concordance between Systematic and Targeted Biopsies according to the Detection
of csPCa

The overall concordance-discordance between the systematic and targeted biopsies
reporting ¢sPCa is presented in Table 2. Among 2122 suspected PCa cases, the concordance
of the systematic and targeted biopsies was observed in 1613 (76%). In 517 cases (24.4%),
both biopsies detected csPCa, whereas in 1096 cases (51.6%), csI’Ca was not found at all,
with p < 0.001. Discordance between the results reported in the systematic and targeted
biopsies was observed in 509 cases (24%). CsPCa was detected only in targeted biopsies in
366 cases (17.3%), whereas it was only detected in systematic biopsies in 143 cases (6.7%),
p < 0.001.

Table 2. Analysis of overall concordance-discordance of ¢sPCa detection rate in systematic and
targeted biopsies.

Discordance CsPCa in Systematic and Targeted Biopsies n (%)

Number of Men n (%)

- - —+ +— ++

2122 509 (24.0) 1096 (51.6) 366 (17.3) 143 (6.7) 517 (24.4)
p< 0.001

Considering the 1026 cases of detected csPCa, in 517 cases (50.4%), csPCa was detected
in both types of biopsies. In 366 (35.7%) cases, csPCa was detected only in targeted biopsies,
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whereas in 143 (13.9%) cases, csPCa was only detected in systematic biopsies. The ISUP-GG
of csPCa detected only in targeted biopsies corresponded to GG 2 in 233 cases (60.9%),
GG 3 in 68 (18.6%), GG 4 in 51 (13.9%), and GG 5 in 24 (6.6%). The ISUP-GG of csPCa
detected only in systematic biopsies corresponded to GG 2 in 99 cases (69.2%), GG 3 in 21
(14.7%), GG 4 in 15 (10.5), and GG 5 in 8 (5.6%). After Recoding the ISUP-GG in high-grade
csPCa (GG > 3) resulted in 44 cases (30.8%) being detected only in systematic biopsies and
143 cases (39.1%) being detected only in targeted biopsies, p = 0.129.

3.3. Univariate and Multivariate Analyses of Candidate Predictive Variables for the Concordance
Degree of csPCa in Systematic and Targeted Biopsies

The odds ratios and 95% confidence intervals of the candidate predictive variables for
the concordance between the systematic and targeted biopsies are presented in Table 3. A
univariate analysis showed significant associations between the results of the two types of
biopsies and age (<68 >years), p < 0.001; prostate volume (<53 >mL), p < 0.001; the MRI
Tesla scanner (1.5 vs. 3.0 Tesla); PI-RADS score (3 vs. 4 vs. 5), p <0.001; the TRUS-MRI
image fusion technique (cognitive vs. software), p < 0.001; and biopsy route (transrectal vs.
transperineal), p < 0.001.

Table 3. Univariate and multivariate analyses of candidate predictive variables for the concordance
between systematic and targeted biopsies in detecting csPCa.

Univariate Analysis Multivariate Analysis
Predictive Variable

Odds Ratio (95% CI) p Value Odds Ratio (95% CI) p Value

Age, ref. <68 years 1.464(1.119-1.789) <0.001 1.480 (1.182-1.803) <0.001

Serum PSA, ref. </7.3 ng/mL 0.972 (0.786-1.186) 0.777 0.893 (0.722-1.105) 0.299

DRE, ref. normal 1.233 (0.989-1.536) 0.066 1.087 (0.856-1.379) 0.493

Type of biopsy, ref. initial 1.112 (0.901-1.371) 0.323 1.176 (0.939-1.473) 0.159

PCa family history, ref. no 1.205 (0.833-1.744) 0.312 1.306 (0.888-1.921) 0175
Prostate volume, ref. <53 mL 0.570 (0.465-0.698) <0.001 0.582 (0.470-0.720) <0.001

Type of mpMR], ref. 1.5 Tesla 1.274 (1.017-1.596) <0.001 1.463 (1.148-1.865) 0.002
PI-RADS category, ref. 3 1.690 (1.431-1.956) <0.001 1.590 (1.352-1.870) <0.001

Type of TRUS-MRI fusion technique, ref. visual 1.483 (1.206-1.823) <0.001 1.333 (1.046-1.701) 0.020

Prostate biopsy approach, ref. transrectal 1.592 (1.288-1.968) =0.001 1.335 (1.052-1.694) 0.018

PSA = prostate-specific antigen; DRE = digital rectal examination; PCa = prostate cancer; mpMRI = multiparametric
magnetic resonance imaging; PI-RADS = prostate imaging report and data system; CI = confidence interval;
TRUS-MRI = transrectal ultrasound-MRI.

The binary logistic regression confirmed that age (ref. <68 years) presented a con-
cordance OR of 1.480 (1.182-1.803), p < 0.001. Prostate volume (ref. <53 mL) presented
an OR of 0.582 (0.480-0.720), p < 0.001. The MRI Tesla scan (ref. 1.5 Tesla) presented an
OR of 1.463 (1.148-1.865), p = 0.002. The PI-RADS score (ref. 3) presented an OR of 1.590
(1.352-1.870), p < 0.001. The TRUS-MRI image fusion technique (ref. cognitive) presented
an OR of 1.333 (1.046-1.701), p = 0.020. The biopsy route (ref. transrectal) presented an OR
of 1.335 (1.052-1.694), p = 0.018. Age and prostate volume were clinical characteristics of
suspected PCa in men for predicting concordance between systematic and targeted biopsies.
The magnetic field strength of MRI and the PI-RADS score were characteristics of MRI,
whereas the TRUS-MRI fusion technique and biopsy route were characteristics associated
with prostate biopsy.

The discordance between the systematic and targeted biopsies, according; to the find-
ings of the csPCa clinical predictors, is presented in Table 4. We always noted an increasing
trend in the rate of csPCa detected in the targeted biopsies but not in the systematic biopsies.
However, a significant difference was found in terms of age and prostate volume. The rate
of discordance from an age < 68 years to >68 years increased from 20.6 to 27.5%, p < 0.001.
However, from a prostate volume <53 mL to >53 mL, the discordance rate decreased from
29 t0 18.9%, p < 0.001 (Table 4).
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Table 4. Overall discordance of systematic and targeted biopsies for the detection of csPCa and
its detection in systematic or targeted biopsies alone, according to the clinical characteristics of the
analysed population.

According to: Number of Men Discordance p Value Only in TB Only in SB p Value
Age:
<68 years, n (%) 1087 224 (20.6) 0.00 162 (14.9) 62 (5.7) <0.001
>68 years, n (%) 1035 285 (27.5) <0.001 204 (19.7) 81(7.8) <0.001
Serum PSA:
<73 ng/mL,n (%) 1064 258 (24.2) 0.777 191 (18.0) 67 (6.3) <0.001
>7.3ng/mL, n (%) 1058 251(23.7) ) 175 (16.5) 76 (72) <0.001
DRE:
Normal, n (%) 1552 356 (22.9) i 268 (17.3) 88(5.7) <0.001
Abnormal, n (%) 570 153 (26.8) : 98 (17.2) 55(9.6) <(.001
Type of biopsy:
Initial, n (%) 1414 330 (23.3) 0323 238 (16.8) 92 (6.5) <0.001
Repeat, n (%) 708 179 (15.6) P 128 (18.1) 51(72) <0.001
PCa family history:
No 1968 467 (23.7) 0328 330 (16.8) 127 (7.0) <0.001
Yes 154 42 (27.3) ’ 36 (234) 6(3.9) <0.001
Prostate volume:
<53 mL, n (%) 1064 309 (29.0) 0.001 225(21.1) 84(7.3) <0.001
>53 mL, n (%) 1058 200 (18.9) <t 141 (13.3) 59 (5.6) <0.001

TB = targeted biopsy; SB = systematic biopsy; PSA = prostate-specific antigen; DRE = digital rectal examination.

An analysis of the overall discordance between the systematic and targeted biopsies
and the detection of csPCa in the systematic or targeted biopsies alone, according to the
characteristics of mpMRI and prostate biopsy, is presented in Table 5. The detection of
csPCa in the targeted biopsies alone was always significantly higher than that in the
systematic biopsies alone. The discordance between the two biopsy types increased from 21
to 25.3% regarding the use of 1.5 vs. 3 Tesla mpMRI, p < 0.001; from 11.5 to 31% according
to a PI-RADS score of 3vs. 5, p < 0.001; and from 19 to 27 2% according; to the transrectal
vs. transperineal route and the cognitive vs. software MRI-TRUS image fusion technique,
p < 0.001.

Table 5. Overall discordance in csPCa detection between systematic and targeted biopsies and its
detection in systematic or targeted biopsies alone according to the characteristics of mpMRI and
prostate biopsy.

According to: Number of Men Discordance p Value Only in TB Only in SB p Value
MRI Tesla scan
15 Tesla 625 131 (21.0) 0,085 84(134) 47 (75) <0.001
3.0 Tesla 1497 378 (25.3) ’ 282 (18.8) 96 (6.4) <0.001
PI-RADS score:
PI-RADS 3, n (%) 485 56 (11.5) 24 (4.9) 32(6.6) <0.001
PI-RADS 4, n (%) 1146 301 (26.3) <0.001 215 (18.8) 86 (75) <0.001
PI-RADS 5, n (%) 491 152 (31.0) 127 (25.9) 25(5.1) <0.001
Biopsy route:
Transrectal, n (%) 836 159 (19.0) 0.00 85(10.2) 74(89) <0.001
Transperineal, n (%) 1286 350 (27.2) <0.001 281 (21.9) 69 (54) <0.001
MRI-TRUS fusion
technique:
Cognitive, n (%) 836 159 (19.0) 0.001 103 (11.5) 76 (85) <0.001
Software, n (%) 1286 350 (27.0) = 263 (21.5) 67 (5.5) <0.001

TB = targeted biopsy; SB = systematic biopsy; PI-RADS = prostate imaging report and data system.
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3.4. Development of a Predictive Model for the Discriniination Ability of Targeted Biopsies to
Detect csPCa

Due to the findings of predictive variables for the detection of csPCa in targeted
biopsies, a predictive model including age, prostate volume, the type of MRI, PI-RADS, the
type of TRUS-MRI image fusion technique, and the type of biopsy route was developed, and
probabilities of csPCa detection in targeted biopsies were generated. Figure 1 represents the
ROC curve of the developed model, showing the discrimination ability of targeted biopsies
for csPCa.
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Figure 1. ROC curve showing the ¢sPCa discrimination ability of targeted biopsies.

The AUC of the ROC curve was 0.741 (95% CI 0.721-0.762). After assessing the
thresholds with 100, 97.5, and 95% sensitivity thresholds for csPCa detection, the corre-
sponding specificities were 5.8, 22.5, and 27.4%. Using these parameters, we observed that
11 systematic biopsies were avoided without missing csPCa at 100% sensitivity. In total,
312 systematic biopsies were avoided (14.7%) and 25 csPCa cases were undetected (2.4%)
in the targeted biopsies at the 97.5% sensitivity threshold. At95% sensitivity, 368 systematic
biopsies were avoided (18.3%) and 47 csPCa cases (4.6%) were undetected (Table 6).

Table 6. Specificities corresponding to the 100, 97.5, and 95% sensitivity thresholds for csPCa detection
in targeted biopsies and potential reductions in systematic biopsies and undetected csPCa.

Threshold  Sensitivity (%)  Specificity (%) Avoided SB (%)  Undetected csPCa (%)

0038 100 5.8 11(05) 0
0061 97.5 25 312 (14.7) 25 (2.4)
0071 95.0 274 388 (18.3) 47 (4.6)

4, Discussion

The present study confirms that targeted biopsies are more sensitive than systematic
biopsies for detecting csPCa. However, 6.7% of csPCa cases were detected only in systematic
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biopsies, whereas 17.2% of ¢sPCa cases were detected only in targeted biopsies. Among
1026 csPCa cases, 13.9% were identified only in systematic biopsies, 35.7% were detected
only in targeted biopsies, and 50.4% were identified in both. CsPCa cases detected only in
targeted biopsies showed an increasing trend of higher GG, but this was not significant
regarding those observed in systematic biopsies. These results are in line with other results
previously reported, which supports the need for systematic biopsies [20-27].

The detection of csPCa in systematic biopsies alone is mainly due to non-visible
MRI lesions containing this type of tumour [16]. This is the reason for the 9.2% (95% CI
6.9-11.9%) csPCa detection rate in systematic biopsies carried out in men with negative
mpMRI (PI-RADS < 3) [4]. Discordance between systematic and targeted biopsies in csPCa
detection is defined as the amount of csPCa detected only in one type of biopsy. The reasons
for detecting csP’Ca in only systematic biopsies include the fact that the multifocality of
csPCa is not always visible on mpMRI, the fact that there are errors associated with lesion
targeting, and the fact that MRI lesions can be missed by radiologists [16].

In 2009, Ahmed et al. suggested that men undergoing systematic biopsy are at risk
of the underdiagnosis of csPCa and overdiagnosis of clinically insignificant PCa [28]. In
2017, PROMIS was the trial first providing level-one evidence on the underdiagnosis of
csPCa in systematic biopsies. In this trial, a prospective, multicentre, and paired cohort of
576 biopsy-naive men with suspected PCa was subjected to transperineal 12-core TRUS-
guided systematic biopsy; targeted biopsies of the visible lesions on MRI were performed,
and prostate mapping biopsy performed every 5 mm served as the reference test. The 48%
(95% CI 42-55%) csPCa sensitivity of systematic biopsies increased to 93% (95% CI 88-96%)
in targeted biopsies [29]. The PRECISION study was a multicentre and randomised trial,
also reported in 2017, including 500 biopsy-naive men with suspected PCa referred for
prostate biopsy. CsP’Ca was detected in 38% of 245 men who finally underwent MRI and
TRUS-guided targeted biopsies, compared to 26% of 235 men who underwent TRUS-guided
systematic biopsy. Biopsies were performed evenly via the transrectal or transperineal route.
The PRECISION trial generated level-one evidence supporting the notion that targeted
biopsies show increased sensitivity compared to systematic biopsies [30]. In 2018, the MRI-
First study, a prospective, multicentre, and paired trial, enrolled 251 men with suspected
PCa, of whom 53 with PI-RADS < 3 underwent systematic biopsy alone, whereas 198 men
with PI-RADS > 3 underwent systematic and targeted biopsies. CsPCa was detected in
29.9% (95% CI 24.3-36%) of systematic biopsies and in 32.3% (95% CI 26.5-38.4%) of targeted
biopsies. The percentage of csPCa detected in systematic biopsies alone was 5.2% (95% C1
2.8-8.7%), whereas it was only detected in 7.6% (95% CI 4.6-11.6%) of targeted biopsies,
with this difference not being significant. The authors of the MRI-First trial concluded
that systematic and targeted biopsies had similar sensitivities for csPCa detection [26].
In 2019, the PAIREDCAT trial included 248 biopsy-naive men with MRI-visible lesions
who underwent systematic biopsy followed by cognitive or software TRUS-MRI fusion
targeted biopsy. The csPCa detection rate was 62.1% in systematic biopsies, 46.8% in
cognitive TRUS-MRI fusion targeted biopsies, and 60.1% in software TRUS-MRI fusion
targeted biopsies, whereas 70% of csPCa cases were detected with all these me-thods. The
authors concluded that both systematic and targeted biopsies are required since csPCa was
undetected in between 11.5% and 33.3% of cases using any method alone [31].

Brisbane et al. observed that, in 2048 men with suspected PCa and PI-RADS > 3, from
two US institutions, 90% (95% CI 89-91%) of the csPCa cases detected were located within
a radius of 10 mm from the nearest lesion. In total, 65% (95% CI 63-67%) of csP’Ca cases
were detected within the region of interest identified on mpMRI, whereas 26% (95% CI
24-27%) of csPCa cases were detected in the perilesional area [32]. Recently, Williams et al.
retrospectively analysed 41 csPCa cases among 2103 men (1.9%) with suspected PCa, in
which csPCa was missed in targeted biopsies and detected in systematic biopsies. The
authors reported that 21 csPCa cases (51.2%) were missed in targeted biopsies due to errors
in lesion targeting, with 17 (40.5%) being missed due to MRI-invisible lesions and 3 (7%
being overlooked due to MRI lesions missed by the radiologist. They also compared the
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characteristics of 425 men with suspected PCa in whom csPCa was detected in targeted
biopsies and those of 45 men in whom csPCa was missed in targeted biopsies. They
reported lower serum PSA levels, higher prostate volumes, lower numbers of core-targeted
biopsies, and lower PI-RADS scores in men with undetected ¢sPCa in targeted biopsies,
although the multivariate analysis only found an association of lower PI-RADS scores with
undetected csPCa in the targeted biopsies [33].

Our study reported predictive variables for the concordance between systematic and
targeted biopsies in csPCa detection. We observed that older age and a larger prostate vol-
ume increased the discordance between systematic and targeted biopsies, as also observed
by Williams et al. [34]. Regarding the characteristics of mpMRI, we reported an increased
discordance when the magnetic field strength was 3 Tesla compared with 1.5 Tesla, with this
mainly being due to an increased number of csPCa cases detected only in targeted biopsies.
Such data have not been reported previously, beyond the finding that csPCa detection is
not increased using 3 Tela mpMRI [28]; however, more lesions with csPCa may be detected
when a higher magnetic field strength is used. As reported by Williams et al. [34], we also
observed how the complementarity between systematic and targeted biopsies increased
with the PTI-RADS score. We observed that the detection rate of csPCa in targeted biopsies
alone increased from 4.9% in men with PI-RADS 3 to 18.8% in those with PI-RADS 4 and to
25.9% in those with PI-RADS 5. However, the rate of csPCa detected in systematic biopsies
alone remained stable (5.1-7.5%) from PI-RADS 3 to 5. The reason for this finding may
be related to the increased visibility of csPCa detected when the PI-RADS score increases.
The PAIREDCAP trial also supports our finding of the higher csPCa sensitivity of software
TRUS-MRI image fusion compared to cognitive TRUS-MRI image fusion [24]. Finally,
we observed that 10.2% of csPCa cases were only detected in targeted biopsies when the
transrectal route was used, while 21.9% were only detected when the transperineal route
was used. This percentage of csPCa cases detected only in systematic biopsies decreased
from 8.9 to 5.4%. Such data have not been reported previously, beyond the overall increased
sensitivity reported for the transperineal route, which is also influenced by the location of
the lesions [35].

Because independent predictive factors of the csPCa discrimination ability of targeted
biopsies were found (age, prostate volume, the type of MRI, PI-RADS, the type of TRUS-
MRI image fusion technique, and the type of biopsy route), a model for the prediction of
csPCa in targeted biopsies was developed. The AUC of the model was only 0.741 (95% CI
0.721-0.762); however, the ROC curve presented good performance in the high-sensitivity
zone, which allowed for 11 systematic biopsies (0.5%) to be avoided without missing
csPCa at 100% sensitivity, whereas 14.7% of systematic biopsies were avoided, missing
2.4% of csPCa at 97.5% sensitivity, and 18.3% systematic biopsies were avoided, missing
4.6% of csPCa at 95% sensitivity. No predictive model for avoiding systematic biopsies in
men with suspected PCa and PI-RADS > 3 has been reported previously. We summarise
that, currently, targeted biopsies are more sensitive than systematic biopsies for detecting
csPCa. However, systematic biopsies are still needed to detect all csPCa cases. The newly
developed predictive model could increase the avoidance rate from a small number of
systematic biopsies without missing csPCa to up to 18.3% of systematic biopsies missing
less than 5% of csPCa.

The main limitation of our study is the definition of csPCa in prostate biopsies, which
may not represent the true pathology of the entire prostate gland. The recent recruitment
of selected men prevented knowing the evolution of detected tumours. This study is a
post hoc analysis of a cohort of men who underwent systematic and targeted biopsies
in a prospective trial designed to validate the Barcelona risk calculations in Catalonia.
The prediction of the csPCa discrimination ability of targeted biopsies could be improved
through other independent predictive variables not included in our study (e.g., the location
and size of visible lesions).

Improvements in MRI, based on future increases in magnetic field strength, could

enhance the visibility of csPCa. The combination of MRI with Ga®*PSMA-PET (Ga®PSMA-
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PET-MRI) is promising. The metabolic activity detected in MRI-visible lesions or in areas
without visible lesions can improve the effectiveness of targeted biopsies. The specificity
of MRI could also be increased by differentiating visible lesions with no or low metabolic
activity [35,36]. Additionally, future improvements in TRUS-MRI fusion images and robotic
targeted biopsies will also help to avoid systematic biopsies and decrease the current
overdetection of insignificant PCa [8,9].

5. Conclusions

Targeted biopsies currently remain more sensitive than systematic biopsies for de-
tecting csPCa. However, 13.9% of csPCa cases were only detected in systematic biopsies,
which represented 6.7% of the overall csPCa detection rate. The disagreement between the
systematic and targeted biopsies for csPCa detection was multifactorial, with age, prostate
volume, MRI magnetic field strength, PI-RADS score, TRUS-MRI image fusion technique,
and biopsy route being independent predictive variables. The predictive model developed
for csPCa detection in targeted biopsies was able to increase the omittance rate of systematic
biopsies from 0.5% without missing csPCa to 18.3% missing 4.6% of csPCa cases.
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Abstract: Background: A transperineal approach to prostate biopsy is now recommended
to reduce the risk of infectious complications associated with the transrectal route. Our
aim is to compare the efficacy of transrectal- and transperineal-guided biopsies involving
the magnetic resonance imaging (MRI) of index lesions in detecting significant prostate
cancer (sPCas), and to evaluate the role of systematic biopsies. Methods: In a prospective
and multicenter trial conducted in an opportunistic early detection program for sPCa in
Catalonia (Spain), between 2021 and 2023, 4029 men suspected of having PCa underwent
multiparametric MRI followed by guided and systematic biopsies. From this cohort, we
retrospectively selected 1376 men with reports of the size and localization of their index
lesions. A matched group of 325 pairs of men subjected to transrectal and transperineal
biopsy were chosen to account for confounding variables. We compared sPCa detection
rates determined via index lesions and systematic biopsies, as well as by lesion localization.
Results: Transperineal and transrectal biopsies detected sPCa in 49.5% vs. 40.6% overall
(p = 0.027), 44.6% vs. 30.8% from index lesions (p = 0.001), and 24.3% vs. 35.1% from
systematic biopsies (p = 0.003). SPCa detection rates were higher in transperineal biopsies
across all index lesion localizations, with significant increases in the anterior zone (47.8%
vs. 20.8% at the mid-base, p = 0.039, and 52.9% vs. 24.2% at the apex, p = 0.024) and
central zone (33.3% vs. 5.9%, p = 0.003). With regards to SPCa detected only in systematic
biopsies, 10.5% of cases were detected in transrectal biopsies and 4.9% of cases were
detected in transperineal biopsies (p = 0.012). Conclusions: Targeted biopsies conducted
via the transperineal route showed higher sPCa detection rates than transrectal biopsies,
particularly for anterior and apical lesions, with systematic biopsies showing reduced utility.
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1. Introduction

Prostate cancer (PCa) is the second leading cause of mortality among men [1]. The
introduction of multiparametric magnetic resonance imaging (MRI) has significantly im-
proved early PCa detection, especially significant PCa (sPCa), thereby reducing morbidity
and mortality through timely intervention [2]. Confirming the diagnosis of PCa typically in-
volves a prostate biopsy, with techniques such as MRI-ultrasound (MRI-US) fusion-guided
biopsy being employed to reduce false negatives [3]. However, the widespread global use
of the transrectal approach presents considerable risks, including severe complications
such as prostatitis, sepsis, and rectal bleeding [4]. In this scenario, Transperineal Prostate
Biopsy (TPB) has emerged as an alternative to overcome some of the limitations of Tran-
srectal Prostate Biopsy (TRB) that may increase the safety profile of the prostate biopsy
procedure [5]. Concerns regarding infection risks and the prevalence of multidrug-resistant
bacterial strains have led the European Association of Urclogy (EAU) to recommend a shift
towards the transperineal route [6]. Reports indicate sepsis rates as low as zero with the
transperineal approach [7], leading international groups to advocate for discontinuing the
use of TRB as soon as possible [8]. However, a randomized trial conducted in the U.S,,
involving men undergoing either transrectal or transperineal prostate biopsy under local
anesthesia, found complication rates of 2.6% and 2.7%, respectively. Importantly, no par-
ticipants developed sepsis in either group [7]. The transperineal approach offers benefits,
particularly in terms of anterior and apical sampling, whereas the far field suffers from
degraded TRB resolution, making visualization challenging [10]. A study analyzing a mod-
ified transrectal-guided sextant biopsy, including anteriorly directed cores at the prostate
apex, revealed the identification of 17% of tumors in the anterior and apical zones [11].
This critical consideration is currently being evaluated in the ongoing TRANSLATE trial,
which randomly selects men suspected of having PCa to undergo MRI-targeted and sys-
tematic TRUS-guided biopsy via transrectal or transperineal routes, with the endpoint of
diagnosing sPCa [12]. The targeted biopsy of index lesions, areas of the highest oncological
suspicion, has proven to be highly effective, being capable of identifying more than 95% of
sPCas. This highlights the importance of focusing evaluations on these critical areas [13].
In the era of MRI-targeted biopsy, controversies remain regarding the effectiveness of TPB
and TRB. However, only a few studies have assessed the rates of detection of PCa and sPCa
between these two approaches.

We hypothesize that the transperineal route for prostate biopsies is more effective than
the transrectal route in targeting index lesions for sPCa detection in men suspected of having
PCa. Our first objective is to analyze the efficacy of guided biopsies of the index lesion for
detecting sPCa in a matched-paired group to avoid the influence of confounding variables.
Secondly, we aim to compare the additional role of systematic biopsies in detecting sPCa
according to the biopsy route. Finally, we seek to determine if specific localizations of index
lesions benefit from either the transrectal or transperineal biopsy route.

2. Materials and Methods
2.1. Design, Setting, and Participants
This is a retrospective analysis of a prospective, multicenter trial conducted as part of

the sPCa opportunistic screening program in Catalonia (Spain), between 2021 and 2023,
in ten participating centers. The study involved 4029 men with serum prostate-specific
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antigen (PSA) levels higher than 3.0 ng/mL and/or a suspicious digital rectal examination
(DRE), who underwent multiparametric magnetic resonance imaging (mpMRI), reported
using the Prostate Imaging Reporting and Data System v. 2.1, followed by two-to-four-core-
guided biopsies and /or twelve-core systematic biopsies. Exclusion criteria were applied in
cases where data were unavailable regarding pathology in the index lesion and systematic
biopsies, age (vears), serum PSA levels (ng/mL), DRE (suspicious vs. normal), type of
biopsy (initial vs. repeated), family history of PCa (no vs. yes), prostate volume (mL),
Tesla scanner strength (1.5 vs. 3.0), PI-RADS (2-5), size of the index lesion (mm), index
lesion location (posterior vs. anterior, and mid-base vs. apex), and type of fusion (cognitive
vs. software-based). From this cohort, 1376 men were selected after index lesion size
and localization were reported as well after the pathology of index lesions and that of
systematic biopsies were separately determined. A 1:1 matched group of 325 pairs of
men subjected to transrectal and transperineal biopsy was finally selected to account for
confounding variables. The patient selection strategy is represented in Figure 1. The study
received approval from the review board of the Vall d’"Hebron Hospital coordinator center
(PRAG-02/2021). All study participants signed written consent forms.

Prospactive multicenter trial
10 participating centers

Catalonia, Spain (2021-2023)

Participants
Total: 4,029 men
. Procedures:
PSA >3.0 ng/ml and/or suspicious DRE o mpMRI [PI-RADS 2.1)
| > . Two-to-four-core guided biopsies
| . 12-core systematic blopsies
Selection for analysis e Transrectal and Transperineal
approach.
Total: 1,376
Reported index lesion size and localization.
Separate pathology reports.
} > Matched Group Analysis

1:1 matched group
325 pairs (650 men)

Transrectal vs. Transperineal biopsy

Figure 1. Flowchart of the patient selection strategy.

2.2. PCa Diagnostic Approach

Men suspected of having PCa were initially selected based on the recommendation of
urologists at the primary health setting after tests showed serum prostate-specific antigen
(PSA) levels higher than 3.0 ng/mL and /or a suspicious DRE. The men were then referred
to the nearest participant centers. The MRI systems had magnetic field strengths of 1.5 Tesla
in four centers and 3.0 Tesla in six centers, where an expert radiologist reported findings
using PI-RADS v2.1 [14]. For all prostate biopsies, MRI-TRUS image fusion was performed,
utilizing cognitive techniques and software techniques in five centers. Lesions with the
highest PI-RADS scores and of the largest sizes were defined as MRI index lesions [13].
Biopsies were carried out transrectally in four centers and transperineally in six centers.
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Each suspected lesion underwent two-to-four-targeted cores according to their size, in
addition to a twelve-core systematic biopsy using the classic sextant method per lobule,
avoiding suspicious lesions in all men. Experienced operators conducted the biopsies in
each center, and experienced uropathologists analyzed the biopsy materials, using the
International Society of Urologic Pathology grade groups (ISUP-GGs). Insignificant PCa
(iPCa) was defined by an ISUP-GG of 1, while sPCa was considered when the ISUP-GG
was 2 or higher [15].

2.3. Variables in the Study

Age (years), serum PSA (ng/mlL), digital rectal exam (DRE) characteristics (normal vs.
suspicious), type of prostate biopsy (initial vs. repeated), first degree of PCa family history
(novs. yes), MRI prostate volume (mL), PI-RADS score (2-5), Tesla (1.5 vs. 3.0), number
of suspicious lesions (1-3), length of index lesion (mm), posterior-anterior localization of
index lesion (peripheral, central, and anterior zone), cranio-caudal localization of index
lesion (mid-base vs. apex), type of fusion TRUS-MRI images (cognitive vs. software), type
of biopsy approach (transrectal vs. transperineal), PCa, sPCa, and iPCa detected in the
targeted biopsy of the index lesion and in systematic biopsy were all outcome variables.

2.4. Statistical Analysis

Participating centers provided anonymized datasets which were harmonized for
statistical analysis. The study complied with Standards of Reporting for MRI-Targeted
Biopsy Studies (START) guidelines [16]. Means and their 95% confidence intervals (Cls),
and medians and interquartile ranges (IQR: 25th-75th percentile) described quantitative
variables, while numbers and percentages described qualitative ones. Pearson’s chi-square
and Mann-Whitney U tests compared qualitative and quantitative variables, respectively.
Binary logistic regression identified independent predictors for sPCa, accounting for the
prostate biopsy route. A 1:1 matching group was selected based on the biopsy route
to normalize the effects of the confounding variables: age, serum PSA, suspicious DRE,
repeated biopsies, family history of PCa, prostate volume, 3 Tesla scanner, PI-RADS, size of
index lesion, index lesion location, and software-based use. R package matching v4.10, a
multivariate and propensity score matching software with automated balance optimization
(R Foundation for Statistical Computing, Vienna, Austria) was used. Significant differences
were at p < 0.05; p-values from 0.05 to 0.1 indicated trends. This analysis was conducted
with the Statistical Package for the Social Sciences (version 29.0, IBM Corp., Armonk,
NY, USA).

3. Results
3.1. Characteristics of Cohort Study

The characteristics of the cohort study are summarized in Table 1. The median age
was 68 years (IQR: 62-73), and the median PSA was 7.2 ng/mL (IQOR: 5.3-10.8). Abnormal
DRE findings were present in 25% of cases, repeated biopsies in 27.4%, and a family history
of PCa in 10.8%. The median MRI prostate volume was 52 mL (IQR: 38-73), and the PSA
density was 0.14 ng/mL/mL (IQR: 0.09-0.13). A 3 Tesla MRI was performed in 46.4% of
cases, with two suspicious lesions identified in 23.9% and three in 3.8%. The PI-RADS
score for the index lesion was 2 in 15.1% of cases, 3 in 20.3%, 4 in 43.3%, and 5 in 21.7%.
The median index lesion length was 11 mm (IQR: 0.7-15). The index lesion was in the
peripheral zone in 64.8% of cases, the central/transitional zone in 14.2%, and the anterior
zone in 21%. Regarding the cranio-caudal axis, the index lesion was located at the mid-base
in 59.2% of cases and at the apex in 40.8%. Software TRUS-MRI fusion images for targeted
biopsies were used in 55.7% of cases. The transperineal route was used in 59.8% of cases,
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and the transrectal route in 40.2%. Overall, sPCa was detected in 41.3% of targeted biopsies
of the index lesion and in 29.7% of systematic biopsies, while iPCa was detected in 13.1%
and 18.5% of cases, respectively.

Table 1. Characteristics of the study population.

Characteristic Measurement
Number of men 1376
Age, years, mean (95% CI) 67.5 (67.1-68.0)
Serum PSA, ng/mL, mean (95% CI) 9.7 (8.4-9.8)
Abnormal DRE, n (%) 344 (25.0)
Repeated prostate biopsy, 1 (%) 377 (27.4)
PCa family history, n (%) 149 (10.8)
Prostate volume, cc, mean (95% CI) 58.9 (57.3-60.5)
PSA density, ng/mL/cc, mean (95% CI)) 0.14 (0.09-0.13)
3 Tesla mpMRI, 7 (%) 638 (46.4)
Suspicious lesions, n (%)

1376 (100)

2 329 (23.9)

3 52 (3.8)
Index lesion PI-RADS score, 11 (%)

2 355 (15.1)

3 449 (20.3)

4 960 (43.3)

5 468 (21.7)
Index lesion length, mm, mean (95% CI) 11.7 (10.6-13.2)
Postero-anterior index lesion localization, # (%)

Peripheral zone 891 (64.8)

Central/transitional zone 196 (14.2)

Anterior zone 289 (21.0)
Craniocaudal index lesion localization, n (%)

Mid-Base 815 (59.2)

Apex 561 (40.8)
Software image TRUS-MRI fusion biopsy, n (%) 767 (55.7)
Transperineal route, n (%) 823 (59.8)
Overall PCa detection, 1 (o) 867 (63.0)

sPCa 652 (47.4)

iPCa 215 (15.6)
PCa detected at index lesion biopsy, 1 (%) 749 (54.4)

sPCa 568 (41.3)

iPCa 180 (13.1)
PCa detected at systematic biopsies, 1 (%) 662 (48.1)

sPCa 408 (29.7)

iPCa 254 (18.5)

CT = confidence interval; PSA = prostate-specific antigen; DRE = digital rectal examination; PCa = prostate cancer;
PI-RADS = Prostate Imaging Reporting and Data System; sPCa = significant PCa; iPCa = insignificant PCa.

3.2. Binary Logistic Regression for Searching Independent Predictive Variables of sPCa, Selection of
a Matched Group to Avoid Confounders, and Characteristics of Paired Groups

Odds ratios (ORs) and 95% confidence intervals (Cls) of the potential independent
predictive variables for sPCa are presented in Table 2. It was found that age, serum PSA,
DRE, type of biopsy, prostate volume, Tesla, type of TRUS-MRI fusion image, and PI-
RADS were independent predictive variables for sPCa. To avoid the influence of these
confounders on sPCa detection and normalize the overall influence of the prostate biopsy
route according to the localization of the index lesion, a 1:1 matched group of 325 pairs of
participants (650 cases) was selected. Table 3 summarizes the comparison of all variables
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included in the matched study group. All characteristics of participants, MRI, and biopsy
techniques were statistically similar with respect to the peripheral localization vs. other
localization of index lesions and the outcome variables sPCa and iPCa. The index lesion
was localized in the peripheral zone in 49.2% of men who underwent transrectal biopsy and
50.8% of those who underwent the transperineal route, p = 0.793. Central/transitional zone
localization was observed in 21.2% and 10.2%, respectively, at p = 0.032, and fibromuscular
anterior zone localization was observed in 13.2% and 22.8%, respectively, at p = 0.028.
Regarding the cranio-caudal axis, 48% of index lesions occupied the mid-base in men who
underwent TRB and 63.4% occupied the mid-base in those subjected to TPB; index lesions
occupied the apex in 52% and 36.6%, respectively, at p < 0.001. The overall detection of
PCa in guided biopsies of the index lesion and systematic biopsies conducted through the
transrectal route was 58.5%, while it was 67.1% when the biopsy was conducted through
the transperineal route, p = 0.028.

Table 2. Logistic regression analysis for searching independent predictive variables of sPCa detection
in index lesions, apart from the prostate biopsy route.

Predictive Variable Odds Ratio (95% CI) p Value

Age, Ref. one year 1.054 (1.035-1.073) <0.001
Serum PSA, Ref. one ng/mL 1.035 (1.013-1.057) 0.001

DRE, Ref. normal 1.581 (1.152-2.170) 0.005
Type of biopsy, Ref. initial 0.627 (0.460-0.857) 0.003
PCa family history, Ref. no 1.472 (0.952-2.275) 0.082
Prostate volume, Ref. one mL 0.978 (0.972-0.983) <0.001
Tesla, Ref. 1.5 1.296 (1.221-2.728) <0.001
Number of suspicious lesions, Ref. 1 1.021 (0.943-1.167) 0.671

Length of index lesion, Ref. one mm 1.003 (0.981-1.026) 0.783
PI-RADS score of index lesion, Ref. 2 3.938 (3.201-4.845) <0.001
Postero-anterior localization of index lesion, Ref. PZ 0.888 (0.777-1.015) 0.081

Cranio-caudal localization of index lesion, Ref, mid-base 0.907 (0.804-1.022) 0.110
Type of guided biopsy, Ref. cognitive 1.911 (1.439-2.539) <0.001

CI = confidence interval; PSA = prostate-specific antigen; DRE = digital rectal examination; PCa = prostate cancer;
PI-RADS = Prostate Imaging Reporting and Data System; PZ = peripheral zone.

Table 3. Compared characteristics of the matched selected groups based on the prostate biopsy route.

Characteristic Transrectal Transperineal p Value

Number of men 325 325 -
Age, years, mean (95% CI) 678 (67.1-685) 67.4 (66.8-67.5) 0.896
Serum PSA, ng/mlL., mean (95% CI) 9.6 (8.9-9.6) 9.3 (8.7-9.8) 0.988
Abnormal DRE, 1 (%) 65 (20.0) 68 (20.0) 1.000
Repeated prostate biopsy, 1 (%) 89 (27 .4) 86 (26.5) 0.754
PCa family history, n (%) 39 (12.0) 43 (13.2) 0.838
Prostate volume, cc, mean (95% CI) 61.5 (58.9-59.3) 59.3 (55.3-59.2) 0.678
PSA density, ng/mL/cc, mean (95% CI) 0.17 (0.13-0.19) 0.16 (0.15-0.19) 0.980
3 Tesla mpMRI, 7 (%) 169 (52.0) 164 (50.5) 0.892
Suspicious lesions, 1 (%)

1 375(100) 375 (100) 1.000

2 81(21.6) 87 (23.2) 0.894

3 14 (3.7) 16 (4.3) 0.905
Index lesion PI-RADS score, 11 (%)

2 3(0.9) 3(0.9) 1.000

3 72(22.2) 72 (22.2) 1.000

4 193 (59.4) 193 (59.4) 1.000

5 57 (15.5) 57 (15.5) 1.000
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Characteristic Transrectal Transperineal p Value
Index lesion length, mm, mean (95% CI) 11.3 (10.8-11.9) 11.6(11.1-12.1) 0.981
Posteroanterior index lesion localization, 1 (%)
Peripheral zone 213 (49.2) 220 (50.8) 0.793
Central (central and transitional) zone 69(21.2) 33 (10.2) 0.032
Anterior zone 43 (13.2) 72 (22.2) 0.028
Craniocaudal index lesion localization, n (%)
Mid-base 156 (48.0) 206 (63.4) <0.001
Apex 169 (52.0) 119 (36.6) <0.001
Software image TRUS-MRI fusion biopsy, 1 (%) 164 (49.2) 158 (48.6) 0.897
Overall PCa detection, 1 (%) 190 (58.5) 218 (67.1) 0.028
sPCa 132 (40.6) 161 (49.5) 0.027
iPCa 58 (17.8) 57 (17.5) 0.997
PCa detected at index lesion biopsy, 1 (%) 140 (43.1) 200 (61.5) <0.001
sPCa 100(30.8) 145 (44.6) <0.001
iPCa 39 (12.0) 55 (16.9) 0.094
PCa detected at systematic biopsies, 1 (%) 172 (52.9) 156 (48.0) 0.239
sPCa 114 (35.1) 79 (24.3) 0.003
iPCa 58 (17.8) 77 (23.7) 0.082
CI = confidence interval; PSA = prostate-specific antigen; DRE = digital rectal examination; PCa = prostate cancer;
PI-RADS = Prostate Imaging Reporting and Data System; sPCa = significant PCa; iPCa = insignificant PCa.
3.3. Overall Efficacy of Systematic Biopsies According to the Prostate Biopsy Route
The overall detection rate of PCa in systematic biopsies when the transrectal route
was utilized was 52.9%, while it was 48% when the transperineal route was used, at
p = 0.239. Regarding sPCa detection, these rates were 35.1% and 24.3%, respectively, at
p = 0.003; for iPCa detection, the rates were 17.8% and 23.7%, respectively, at p = 0.082. We
note that 10.5% of sPCas were only detected in systematic biopsies when the transrectal
route was conducted, while 4.9% of them were detected when the transperineal route was
used, p = 0.012 (Table 4).
Table 4. The effectiveness of systematic biopsies and targeted biopsies on the index lesion for detecting
overall PCa, sPCa, and iPCa, based on the prostate biopsy route, in the matched selected groups.
Type of PCa Systematic Biopsies Targeted Biopsies
TR Route TP Route Value TR Route TP Route Valiie
(1 = 325) m=325 P (1 = 325) (n = 325) F
sPCa, n (%) 144 (35.1) 79 (24.3) 0.003 100 (30.8) 145 (44.6) <0.001
iPCa, 11 (%) 58 (17.8) 77 (23.7) 0.082 39 (12.0) 55 (16.9) 0.094
Overall PCa, 1 (%) 172 (52.9) 156 (48.0) 0.239 140 (43.1) 200 (61.5) <0.001

n = number; PCa = prostate cancer; sPCa = significant PCa; iPCa = insignificant PCa; TR = transrectal route;
TP = transperineal route.

3.4. Overall Efficacy of Guided Biopsics to the Index Lesion According to the Biopsy Route
and Localizations

The overall detection rates of PCa in the index lesion for the transrectal and transper-
ineal routes were 43.1% and 61.5%, respectively, at p < 0.001. SPCa detection rates were
30.8% and 44.6%, respectively, at p < 0.001, and iPCa detection rates were 12% and 16.9%,
respectively, at p = 0.094, as shown in Table 3.

The rate of sPCa detection in the recodified localizations of index lesions regarding the
posterior-anterior and cranio-caudal axes and the prostate biopsy route are summarized
in Table 5. We noted non-significant differences between both biopsy routes when the
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index lesion was localized in the peripheral zone, either at the mid-base or apex. TPB
detected more sPCas than TRB did in the central and mid-base zones, at 33.3% and 5.9%,
respectively, and at p = 0.003. In the anterior and mid-base zones, sPCa detection rates were
47.8% and 20.8%, respectively, at p = 0.039. In the anterior and apical zones, these rates
were 44.6% and 24.2%, respectively, at p = 0.024.

Table 5. Detection of sPCa on targeted biopsies of index lesions according to their localization and
the prostate biopsy route.

Localization of

1 2 sPCa Detection Transrectal Transperineal p Value
ndex Lesion

PZ-MB, n (%) 102/217 (47.0) 36/81 (44.4) 66/136 (48.5) 0.577
CZ-MB, n (%) 11/75 (14.7) 3/51 (5.9) 8/24 (33.3) 0.003
AZ-MB, 1 (%) 27 /70 (38.6) 5/24 (208) 22 /46(47 8) 0.039
PZ-AP, n (%) 79/221 (35.7) 48/136 (35.3) 31/85 (36.5) 0.886
AZ-AP, 11 (%) 26/67 (37.7) 8/33(24.2) 18/34 (52.9) 0.024
All localizations, # (%) 245 /650 (37.7) 100/325 (30.8) 145/325 (44.6) >0.001

TR = transrectal; TP = transperineal; PZ = peripheral zone; CZ = central zone; AZ = anterior zone; MB = mid-base;
AP = apical.

4. Discussion

Technological advancements in prostate magnetic resonance imaging (MRI) have
significantly transformed the diagnostic landscape, leading to higher detection rates of
clinically significant prostate cancer (sPCa) [17]. However, direct comparisons of the
effectiveness of transperineal biopsy (TPB) and transrectal biopsy (TRB), particularly with
MRI/US fusion techniques, remain limited. This study aims to address this gap through a
comprehensive analysis of sSPCa detection rates, the role of systematic and targeted biopsies,
and the impact of lesion localization in TPB and TRB in the MRI era.

Recent studies, such as the PREVENT Randomized Trial, have found no significant
differences in sPCa detection between the transperineal and transrectal routes, although
transperineal biopsies avoid infectious complications [18]. Similarly, Hoeh et al. concluded
that transitioning from transrectal to transperineal MRI-guided prostate biopsy did not
compromise the rates of detection of clinically significant prostate cancer (51% vs. 52%)
in a tertiary care setting [19]. Conversely, Rai et al. demonstrated higher sPCa detection
rates with TPB in a meta-analysis [20]. Similarly, Zattoni et al. reported significantly higher
detection rates for TPB, identifying it as an independent predictor of sPCa with a detection
rate of 49.1% compared to 35.2% for TRB [21].

Koparal et al., in a multicenter study comparing sPCa detection rates in TPB and
TRB, matched 276 men undergoing TPB with 508 patients undergoing TRB by age, DRE,
PSA density, and PI-RADS score. The results showed that MRI-targeted TPB and 12-core
systematic TPB were significantly superior to TRB, with detection rates of 27.5% vs. 19.5%
and 24.6% vs. 16.3%, respectively [22]. Similarly, Diamand et al. recently published a
multicenter European study reporting higher detection rates using MRI-guided biopsy in
the transperineal approach [23].

Kaneko et al., in a single-center pair-matched study, reported sPCa detection rates of
56% vs. 49%, which were significantly higher for TPB compared to TRB. When combining
systematic and targeted biopsies, similar detection rates were observed: 59% for TPB and
60% for TRB [24].

In our multicenter pair-matched study, we observed sPCa detection rates of 30.8%
and 44.6% in index lesions under the transrectal and transperineal routes, respectively. For
combined systematic and targeted biopsies, the detection rates were 40.6% for TRB and

49.5% for TPB, which showed a significant difference. TPB exhibited significantly higher
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sPCa detection rates than TRB, particularly for index lesion targeting. The results obtained
in our series are consistent with some of the previously described articles [20-24].

Detecting sPCa requires both systematic and targeted biopsies due to its multifocal
nature and the risk of missing lesions with MRI [25]. The 2017 PROMIS trial showed
that systematic biopsies alone have 48% sensitivity for sPCa, but combining them with
targeted biopsies increases sensitivity to 93% [26]. The PRECISION study found that
targeted biopsies detected sPCa in 38% of cases, compared to 26% with systematic biopsies
alone [27]. The 2018 MRI-First study reported similar sensitivities for both methods [28].
The 2019 PAIREDCAP trial confirmed the necessity of using both biopsy types, as each
method alone fails to detect all sPCa cases [29]. The GOTEBORG-2 trial indicated that
using transrectal MRI-targeted biopsies instead of systematic biopsies for patients with
high PSA levels halved the risk of overdiagnosis but delayed the identification of some
intermediate-risk tumors [30].

Few studies have compared the effectiveness of systematic biopsies between the
transrectal and transperineal approaches in prostate fusion biopsies. In our analysis,
systematic biopsies performed via the transrectal route demonstrated a higher detection
rate of clinically significant prostate cancer (10.5%) compared to the transperineal route
(4.9%). This finding, rarely explored in the literature, contrasts with studies such as those by
Koparal et al. [22] and Zattoni et al. [21], which reported advantages of systematic biopsies
via the transperineal route, particularly in larger prostates. These discrepancies may
be attributed to methodological differences, population characteristics, or predominant
prostate volume. In our study, prostates smaller than 30 cc. were associated with a
significantly higher detection rates via the transrectal route, while the average prostate
volume in both groups was approximately 60 cc., which could have influenced the detection
rates observed.

Our analysis also revealed that lesion location influences diagnostic outcomes. Apical
and anterior prostate lesions were more effectively sampled in TPB due to better access,
while TRB showed superior sampling of posterior lesions due to probe proximity and
needle trajectory. No significant differences were noted in sPCa detection between the
biopsy approaches for peripheral zone lesions. However, TPB was more effective in
detecting sPCa in central and mid-base zones compared to TRB, with detection rates of
33.3% and 5.9%, respectively. Additionally, in the anterior and mid-base zones, detection
rates were 47.8% and 20.8%, respectively, which were significant. For anterior and apical
zones, the rates of sPCa detection were higher in TPB, with a 44.6% detection rate compared
to 24.2% in TRB. This differential impact based on lesion location was further evidenced
in subgroup analyses, showing higher sPCa detection rates for anterior and apical lesions
with TPB. Consistent with our findings, a meta-analysis published by Uleri et al. found the
transperineal approach superior for detecting sPCa in anterior and apical prostate tumors
and found that it was equivalent in effectiveness to the transrectal route for peripheral
tumors. The former demonstrated better precision for smaller anterior tumors than the
transrectal method [31].

While our study benefits from a multicenter design and large sample size, it is not
without limitations. The retrospective nature of some data could have introduced inherent
selection biases, which we attempted to minimize using a matched-cohort design. Differ-
ences in biopsy protocols across various institutions could have generated variability in
PCa detection, representing a limitation in this study. Although all centers followed current
practice guidelines and terminology, the lack of a centralized review causes heterogeneity
in the interpretation of MRIs and in the analysis of biopsies due to the involvement of
multiple physicians. However, all MRI analyses were conducted by specialized genitouri-
nary radiologists using version 2.1 of PI-RADS, and biopsy specimens were analyzed by
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experienced uropathologists at all centers. Our matched study was insufficient regarding
certain locations, as differences were observed in some of them, and it was performed for
peripheral locations versus other locations. Another potential limitation of our study is
that it did not incorporated the results of secondary biopsied targeted lesions.

Future research should focus on conducting large prospective and randomized trials
to determine the optimal biopsy approach in different clinical scenarios. These studies
should avoid the influence of confounders, with especial attention to the localization and
size of targeted lesions.

5. Conclusions

Targeted biopsies of index lesions performed via the transperineal route demons-
trated higher detection rates of sPCa compared to those performed via the transrectal
route in our cohort study. This improvement in the efficacy of targeted biopsies using the
transperineal route was particularly notable for lesions located in the anterior and apical
zones. The efficacy of systematic biopsies decreased when the transperineal route was
utilized, especially when detecting sPCa with only them.
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ABSTRACT

ARTICLE INFO

Purpose: To evaluate the effectiveness of mapping-targeted biopsies (MTB) on the index
lesion for the detection of clinically significant prostate cancer (csPCa) in transperineal
fusion-image prostate biopsies.

Materials and Methods: A retrospective analysis was conducted on 309 men with suspect-
ed PCa who underwent prostate biopsies at the Creu Blanca reference center in Barcelona,
Spain. The Prostate Imaging-Reporting and Data System (PI-RADS v.2.1) of the magnetic
resonance images (MRI) were reclassified by an expert radiologist reading of pre-biopsy
biparametric MRI used for segmentation of suspected lesions. Transperineal MTB of suspi-
cious lesions and 12-core systematic biopsies were performed using the Artemis™ platform.
CsPCa was defined as International Society of Urdlogical Pathology grade group = 2.
Results: CsPCa was detected in 192 men (621%), with detection rates of 6.3% for PI-RADS
2, 26.8% for PI-RADS 3, 87.3% for PI-RADS 4, and 931% for PI-RADS 5 MTB of the index
lesion identified 185 csPCa (96.3%). CsPCa was detected solely in systematic biopsies in
three cases (1.6%), while an additional four cases (21%) were identified only in the second
suspected lesion. A predictive model for csPCa detection in MTB of the index lesion was
developed, with an AUC of 0.918 (85% Cl 0.887-0.950).

Conclusions: This model had the potential to avoid 23.3% of prostate biopsies without
missing additional csPCa cases. MTB of the index lesion was highly effective for identifying
csPCa in fusion transperineal prostate biopsies. A developed predictive model successfully
reduced the need for almost one quarter of biopsies without missing csPCa cases.
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INTRODUCTION

Prostate cancer (PCa) currently stands as
the most prevalent malignancy and the third leading
cause of cancer-related deaths among men in both
the United States (US) and the European Union (EU)
(1, 2). PCa screening has remained controversial due
to the adverse consequences of unnecessary pros-
tate biopsies and the over-detection of insignificant
tumors (iPCa) (3). Clinically significant PCa (csPCa)
in prostate biopsies can have various definitions. It is
most defined when the current grade groups of the
International Society of Urologic Pathology (ISUP-
GG) are grade 2 or higher (4). In recent years, addi-
tional tools have been proposed to mitigate the need
for unnecessary biopsies and to reduce the over-de-
tection of iPCa. These include new tumor markers,
predictive models, and the traditional prostate-spe-
cific antigen density (PSA D). However, the most sig-
nificant contribution has arisen from prostate mag-
netic resonance imaging (MRI) and the possibility of
performing targeted biopsies of suspicious areas (5).

The implementation of multiparametric MRI
(mpMRI) and the enhanced interpretation provided
by the Prostate Imaging-Reporting and Data System
(PI-RADS) have been essential in identifying suspi-
cious csPCa and assessing its semi-quantitative risk
(6, 7). These innovations, coupled with the evolu-
tion of PI-RADS for categorizing prostate lesions on
a scale ranging from very low to high suspicion of
harboring csPCa, have prompted the development of
software solutions that facilitate the fusion of MRI-
observed areas with real-time transrectal ultrasound
(TRUS) images (8).

Image-fusion prostate biopsy is an effective
procedure that not only enhances the detection of
csPCa but also reduces the likelihood of over-detect-
ing iPCa, regardless of the transrectal or transperineal
route (9). The transrectal approach has been the most
used method for prostate biopsies on a global scale
for many decades (10). However, in 2019, the European
Association of Urology (EAU) PCa guidelines made the
primary recommendation for transperineal biopsies
over transrectal biopsies based on a meta-analysis of

Of
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seven studies involving 1,330 biopsied men. This anal-
ysis demonstrated a significant reduction in infective
complications associated with the transperineal ap-
proach compared to transrectal biopsies (11).

The fusion software platforms allow targeted
biopsies of suspicious areas previously identified by
mpMRI. These biopsies are usually combined with
systematic biopsies in the rest of the prostate gland.
In cases where an MRI reveals more than one PI-
RADS lesion >3, the lesion with the highest degree of
aggressiveness according to PI-RADS is considered
the index lesion, or the largest lesion in the case of
two lesions with the same PI-RADS score (12).

The complementarity of systematic and
targeted biopsies, defined as the amount of csPCa
detected only in one of them, can be attributed to
multifocal csPCa, MRI-invisible lesions, errors in le-
sion targeting, and MRI lesions being missed by ra-
diologists (13). The complementarity of targeted and
systematic biopsies has been analyzed using the
transrectal approach in a systematic review by the
Cochrane organization (14), and currently, the EUA
recommends performing both types of biopsies (11).

Due to the current trend of reducing the ag-
gressiveness of prostate biopsies to decrease proce-
dure complications and overdiagnosis of iPCa, it is
crucial to continue generating evidence on the effec-
tiveness of targeted transperineal biopsies with image
fusion (15). The optimal biopsy strategy, in terms of
spatial distribution and the number of cores required,
has not yet been clearly defined. Specifically, at least
eight systematic biopsy cores should be taken bilater-
ally, depending on prostate volume, while three to five
biopsy cores guided by magnetic resonance imaging
are needed to compensate for the risk of target impre-
cision (11, 16, 17). Conversely, recent studies suggested
that distant systematic biopsy cores in relation to the
index lesion on magnetic resonance imaging play a
limited role in detecting csPCa (18).

We hypothesize that prostate biopsies from
the index lesion are sufficient to appropriately diag-
nose clinically significant prostate cancer. Our objec-
tive is to assess the efficacy of exclusively utilizing
targeted biopsies by mapping the index lesion in the
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detection of clinically significant prostate cancer,
and to evaluate the effectiveness of index biopsies
compared to systematic biopsies through the trans-
perineal approach.

MATERIAL AND METHODS

Design, Setting, and Participants

This retrospective analysis relates to the first-
year prospective trial aimed at validating the Barce-
lona risk calculators (BCN-RCs) (19, 20). The study
was conducted at a reference center specializing in
transperineal MRI-TRUS fusion prostate biopsy, lo-
cated at Creu Blanca in Barcelona, Spain. From Janu-
ary 1to December 31, 2022, a total of 309 consecutive
men with suspected prostate cancer—defined by a
serum PSA level >3.0 ng/mL and/or an abnormal dig-
ital rectal examination (DRE), along with a positive
mpMRI (PI-RADS > 3)—were referred for prostate bi-
opsy. Prostate biopsies in PI-RADS 2 |esions, are not
typically referred for biopsy. However, prostate biop-
sies of PI-RADS 2 lesions were performed in those
patients at high risk of CsPCa, for example, if the
PSAD is >0.15. The study was executed in accordance
with the Standards of Reporting for MRI-Targeted
Biopsy Studies (START) guidelines (21). The analysis
was performed using an anonymized database, and
the project received approval from the Vall d'Hebron
Ethics Committee (PRAG-02/2020). Furthermore, it
was supported by the Instituto de Salut Carlos Il of
Spain (P120/01666).

MRI Image Acquisition Data and Segmentation

The studies conducted at the Creu Blanca
center were carried out using a Siemens Verio™ 3
Tesla MRI Scanner (Siemens Inc, Munich, Germany)
equipped with a pelvic-phased array. The mpMRI
protocol included transversal sections in SET1 and
TSG-SET2 sequences, as well as coronal and sagittal
TSET2 sequences in both 2D and 3D. Diffusion stud-
ies (ADC and DWI calculated at 1600-2000-3000)
and perfusion during contrast injection were also
performed. Lesions were reported in accordance
with PI-RADS v.2.1 (22).
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For patients referred with mpMRIs performed
at other centers, an expert radiologist reclassified the
lesions to PI-RADS v.2.1 based on a biparametric MRI
(bpMRI) conducted for lesion segmentation. All stud-
ies adhered to the criteria established by the Europe-
an Society of Uro-radiology (ESUR) (23). Up to three
suspicious lesions were included. Segmentation of
suspicious lesions was achieved using the ProFuse™
semi-automatic system (Eigen, California, USA). Sus-
pected PCa men with reclassified lesions to PI-RADS
score 2 received targeted biopsies of these lesions.

Transperineal prostate biopsy

All prostate biopsies were performed trans-
perineally in the lithotomy position under general
anesthesia by four urologists with extensive experi-
ence in this technique. MRI-TRUS image fusion was
performed with the ARTEMIS™ robotic system (Eigen,
California, USA). Core biopsy samples were obtained
using the BARD Magnum™ gun with 18-gauge x 20-
cm prostate biopsy needles (Bard Care, Crawley, UK)
under ultrasound vision (HITACHI ALOKA NOBLUS™,
HITACHI, Connecticut, USA).

The prostate biopsy protocol included first ob-
taining mapping-targeted biopsies of a maximum of
three suspicious areas by 0.5-mm mapping of each le-
sion and perilesional area. Thereafter, a systematic bi-
opsy was performed to obtain 12 cores according to the
scheme suggested by the ARTEMIS™ platform, exclud-
ing the suspicious areas. Each care of the systematic
biopsy was numbered and analyzed as an independent
sample (1to 12). The cores of each suspected area were
grouped as samples 13 to 15. The mapping-targeted bi-
opsies scheme used is illustrated in Figure-1.

Histopathological diagnosis

A urologic pathologist with more than 10
years of experience in prostatic pathology analyzed
the obtained material. The pathology report con-
sidered the number of positive cores, length of tu-
mor, and International Society of Urologic Pathology
(ISUP) grade group. iPCa was defined with an ISUP-
GG of 1, while csPCa was considered when the ISUP-
GG was 2 or higher (4, 24).
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Figure 1- Biopsy method. Cores were obtained from a systematic template and MRI lesion.

Variables in the study

Age (years), PCa family history (first degree),
type of biopsy (initial vs. repeated), DRE (normal vs.
suspicious), DRE prostate volume category (small,
medium, large), PSA (ng/mL), MRI prostate volume,
the number of suspicious areas, PI-RADS v2.1 score,
maximum diameter of lesions (mm), site of lesions
(right vs. left), and location (peripheral base-center,
peripheral apex, central-transition zone, or anterior
zone). Pathology findings were reparted as follows:
ISUP grade group (GG) of tumors detected and its
length in each core affected, the total number of
cores submitted, and positive samples according to
their location in the systematic biopsy and mapping-
targeted biopsies.

Endpoint variables
The endpoint variable was the detection of
csPCa.

Statistical Analysis

Quantitative variables were described as
medians and interquartile ranges (IQRs: 25th-75th
percentile). Qualitative variables were described as
percentages. The association between qualitative
variables was analyzed using Pearson's chi-square

test. The concordance between systematic and tar-
geted biopsies was assessed using the Kappa index.
Independent predictive variables for csPCa detec-
tion in mapping-targeted biopsies of the index lesion
were identified using binary logistic regression. A
predictive model for csPCa detection was developed,
and probabilities of csPCa were calculated. The dis-
crimination ability of the model was assessed using
receiver operating characteristic (ROC) analysis, and
the area under the curve (AUC) and 95% confidence
interval were calculated. The net benefit of the model
over biopsying all men was analyzed using decision
curve analysis (DCA), and specificities correspond-
ing to 100%, 975%, and 95% sensitivity thresholds
were analyzed. Significant differences were consid-
ered when the p values were less than 0.05. Statis-
tical analysis was performed using SPSS v.25 (IBM
Corp., Armonk, NY, USA).

RESULTS

The characteristics of the 309 men included
in this study are shown in Table-1. The median age at
biopsy was 67 years (61-72) with a median serum PSA
level of 6.3 ng/mL (4.8-9.3). The median prostate vol-
ume, as reported from MRI, was 53 cc (39-75). The me-
dian PSA density was 0.14 ng/mL/cc. In 52 men (16.8%),
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Table 1- Suspected PCa Men Characteristics.

Characteristic Measurement
Number of men 309
Median age (IQR), years 67 (61-72)
Median PSA (IQR), ng/mL 6.3 (48-9.3)
Suspicious DRE, n (%) 47 (15.2)
Repeated biopsy, n (%) 78 (25.2)
PCa family history, (%) 52(16.8)
Median prostate volume (IQR), cc 53 (39-75)
mpMRlI lesions, n (%)

1 309 (100)

2 75 (24.2)

3 1(3.6)
PI-RADS of lesion 1 (index), n (%) 309

2 48 (15.5)

3 71(23.0)

B 118 (38.2)

5 72 (233)
PI-RADS of lesion 2, n (%) 75

2 5 (67)

3 23(30.7)

4 41(54.7)

5 6 (8.0)
PI-RADS of lesion 3, n (%) 1

3 3(36.4)

4 7(636)
PCa detection, n (%) 230(74.4)
csPCa detection, n (%) 192 (62.1)
iPCa, n (%) 38 (12.3)
csPCa-iPCa detection according to index lesion PI-RADS

2,n (%) 3(6.3)- 7(14.6)

3,n (%) 19 (26.8) - 19 (26.8)

4, n (%) 103 (87.3)- 7 (5.9)

5, n (%) 67 (931)-5 (6.9)

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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a family history of PCa existed, and 78 men (256.2%)
had undergone at least one previous negative biopsy.
The digital rectal examination (DRE) was suspicious in
47 men (15.2%). In 223 cases, only one suspicious le-
sion existed (72.2%), in 75 (24.2%), two, and in 11 cases,
three (3.6%). After the biparametric MRI expert reading
of the PI-RADS v.2.], the index lesion was classified as
2 in 48 cases (15.5%), 3 in 71 (23%), 4 in 118 (38.2%),
and 5in 72(23.3%). Within the second lesions, 5 (6.7%)
were PI-RADS 2, 23 (30.7%) PI-RADS 3, 41 (54.7%) PI-
RADS 4, and 6 (8.0%) PI-RADS 5. Among the 11 third
lesions, 4 (36.4%) were PI-RADS 3, and 7 (63.6%) were
PI-RADS 4. A median of 22 total cores (15-30) were ob-
tained from mapping-targeted biopsies of suspicious

and systematic biopsies. PCa was detected in 230 men
(74.4%), with 192 (621%) identified as csPCa, and 38
(12.3%) as iPCa.

The distribution rates of csPCa and iPCa ac-
cording to the PI-RADS v.2.1 categories are shown
in Table-1. The csPCa detection rate was 6.3% in Pl-
RADS 2, 26.8% in PI-RADS 3, 87.3% in PI-RADS 4,
and 93.1% in PI-RADS 5 (p < 0.001). The iPCa over-
detection rates were 14.6% in PI-RADS 2, 26.8% in
PI-RADS 3, 59% in PI-RADS 4, and 6.9% in PI-RADS
5 (p <0.001).

The distribution of ISUP-GGs in all PCa de-
tected according to the PI-BADS categories in the in-
dex lesion is presented in Figure-2A The over-detec-

Figure 2 - Distribution of grade groups in all PCa detected and according to the PI-RADS category of the index
lesion (A), and correlation of biopsy findings (from no PCa to the highest-grade group) observed in targeted

and systematic biopsies (B).
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tion of iPCa decreased, and the detection of csPCa
increased as the PI-RADS category became higher
(p < 0.001). The correlation between the ISUP-GG of
PCa detected in targeted and systematic biopsies is
presented in Figure-2B We observed that 9 ISUP-GG
1 cases were detected in the systematic biopsies in
men without PCa detected in targeted biopsies. One
ISUP-GG 3 case was detected in the systematic bi-
opsies performed in men with ISUP-GG 1 in targeted
biopsies. We found 3 cases in which systematic biop-
sies upgraded the ISUP-GG 2 detected in targeted bi-
opsies (2 cases to GG 3 and 1to GG 5). No cases with
ISUP-GG 3 and 4 in targeted biopsies upgraded in
systematic biopsies. In summary, 1 of 30 iPCa cases
upgraded to csPCa (3.3%), while 3 of 130 ISUP-GG 2
cases (2.3%) upgraded to GG 3 (2) and GG 5 (1).

CsPCa was detected in both targeted and
systematic biopsies in 56 cases (181%), solely in tar-
geted biopsies in 133 (43.0%), and only in systematic
biopsies in three cases (1.0%) (p < 0.001, and Kappa
index 0.239). Targeted biopsies of the index lesion
identified 185 of the 189 csPCa cases detected within
all targeted biopsies (97.9%). Four csPCa cases were
additionally detected in the targeted biopsy of the
second suspicious lesion (2.1%), while the targeted
biopsies of 11 third suspicious lesions did not detect
any additional csPCa case (0%). The ISUP-GGs of
PCa detected in the index lesion and those addition-
ally detected in the second targeted biopsy are re-
ported in Table-2.

In terms of core samples, if targeted biopsies
of the index lesion were solely performed, the total
number of core samples obtained, which was 6,573,
would be reduced to 2,392 (63.6%). This reduction
would result from 3,708 (56.4%) core samples ob-
tained in systematic biopsies, 426 (6.5%) in the sec-
ond suspicious lesion, and 47 (0.7%) in the third sus-
picious lesion.

To investigate the development of a predic-
tive model for the detection of clinically significant
prostate cancer (csPCa) in mapping-targeted bi-
opsies of the index lesion, we conducted a logistic
regression analysis involving 12 independent pre-
dictive variables related to the characteristics of
the patients, MRI findings, and the number of core
samples obtained. Serum PSA, with an odds ratio
(OR) of 1136 (95% confidence interval: 1.010-1.277, p
= 0.033), prostate volume, with an OR of 0.987 (35%
confidence interval: 0.365-0.991, p < 0.001), and the
PI-RADS score, with an OR of 7.285 (95% confidence
interval: 4455-11.913, p < 0.001), emerged as the inde-
pendent predictors of csPCa, as presented in Table-3.

The ROC curve of the developed predictive
model demonstrated an AUC of 0.918 (95% confi-
dence interval: 0.887-0.850), illustrated in Figure 3A.
Application of the model revealed a net benefit over
the strategy of performing biopsies on all men, as
shown in Figure 3B. Specificities were provided for
sensitivity thresholds of 100%, 97.5%, and 95%, with
values of 239, 521, and 64.1%, respectively. Using

Table 2 - CsPCa Detection in Targeted Biopsies. New csPCa Detected Only in Secondary Lesions and

its grade group.
Lesion Number of lesions,  csPCan (%)*  New csPCa, n (%) Grade group of csPCa
" 2 3 4 5
Index 309 185 (59.9) 185 (979) 125 33 9 18
Second 75 40 (53.3) 4(21) 4 0 0 0
Third 1 2(18.2) 0(0) 0 0 0 0
Al 395 227(100) 189 (100) 131 35 9 17

n = number; ¢sPCa = clinically significant prostate cancer; * percent referred to the number of lesions; # percent referred to all csPCa detected;

* Three men have GG 1in the index lesion while one had no PCa.
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Table 3 - Multivariate Analysis Searching Independent predictors for csPCa detection.

Candidate predictors Odds ratio (95% CI) p Value
Age, Ref. one year 1.039 (0.991-1.090) = 0101
PCa family history, Ref no 2.013 (0.761-5.324) =0159
Repeated biopsy, Ref. no 1649 (0.734-3.758) =0.234
Serum PSA, Ref. one ng/mL 1136 (1.010-1.277) =0.033
DRE, Ref. normal 1.094 (0.354-0.381) = 0875
Prostate volume, Ref one cc 0978 (0.365-0.991) < 0.001
Number of MRI lesions, Ref. 1 2.212 (0.848-5160) =0.066
PI-RADS score of index lesion, Ref. 2 7.285 (4.455-11.913) < 0.001
Diameter of index lesion, Ref. one mm 1.005 (0.930-1.096) =0901
Number of targeted cores to index lesion, Ref. 2 cores2 1167 (0.993-1.372) = 0.061
Zaone of lesion, Ref. CZ 0.710 (0.265-1.899) =0495
Paosition of index lesion, Ref. posterior 0.730 (0.255-2.090) = 0557

Cl = confidence Interval; PSA = prostate-specific antigen; MBI = magnetic resonance imaging; PI-BADS = prostate imaging-report and data
system; CZ = central zone.

Figure 3 - Discrimination ability for csPCa of the developed model based for performing only targeted biopsy
of the index lesion (A), and decision curve analysis showing the benefit of the developed model compared to
conduct targeted biopsies of the index lesion in all cases (B).
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the 100% sensitivity threshold, it would be possible
to avoid 72 (23.3%) mapping-targeted biopsies of
the index lesion without missing additional cases of
csPCa, beyond the six cases (3.1%) that were only de-
tected in systematic biopsies and targeted biopsies
of the second suspicious lesions (note that one case
was detected in both types of biopsies).

Following the implementation of the devel-
oped model, 602 additional core samples, corre-
sponding to the 72 avoided mapping-targeted pros-
tate biopsies of the index lesion, would be spared.
When combined with the previously estimated 63.6%
reduction in core samples resulting from exclusively
performing mapping-targeted biopsies of index le-
sions, this would result in a total reduction of 72.8%
in core samples.

DISCUSSION

Early detection of csPCa continues to im-
prove with the implementation of new MRI-TRUS im-
age fusion software for performing targeted biopsies
(25), new strategies for biopsying (26), and the recent
recommendation for the transperineal approach (27).
The challenge is to detect the maximum amount of
csPCa while minimizing the over-detection of iPCa
and secondary side effects (9, 28).

In this study, we report, to the best of our
knowledge, the first series of MRI-TRUS fusion image
biopsies with the Artemis™ platform through the trans-
perineal route, utilizing mapping-targeted biopsies of
suspicious lesions and a 12-core systematic biopsy.
The overall PCa detection rate reached 74.4%, with
62.1% for csPCa and 12.3% for iPCa. These detection
rates of csPCa and iPCa appear to be well balanced
with the expectations in PI-RADS v.2.1 and are appro-
priate when compared with other series (29).

In the current context of precision medicine,
the multifocal nature of PCa poses a significant chal-
lenge (30). In the quest to determine the best proto-
col for performing targeted prostate biopsies using
fusion images from MRI for the most accurate diag-
nosis and the lowest aggressiveness, several series
have been published with multiple biopsy protocols.

These include sampling only in the peripheral pros-
tate area, avoiding transition zone biopsy (31), per-
forming saturation biopsies in the target area (32),
combine PSA D and PI-RADS to exclusively conduct
target biopsies in patients with elevated PSA D, elimi-
nating the need for systematic biopsies (33), using
Umbra (targeted lesion) and Penumbra (perilesional)
samples (34), optimizing the number of cores by ob-
taining only three or fewer core samples per targeted
lesion (35), or conducting only biopsy samples in the
target lesion without systematic biopsies (36).

However, the additional value of MRI-guided
biopsies of suspicious secondary lesions and system-
atic biopsies over index lesion mapping-guided biop-
sies for the detection of csPCa in fusion transperineal
prostate biopsies is not yet fully established. Rachu-
binski et al. (37) evaluated the diagnosis of csPCa in
index lesions and secondary lesions of 571 patients
who underwent prostate biopsy using transperineal
image fusion. This study concluded that targeted bi-
opsy of the secondary lesion can provide valuable
diagnostic information in most clinical scenarios and
should not be omitted in most fusion biopsy proto-
cols. Previous prospective studies and a meta-anal-
ysis indicate an added value of systematic biopsy for
detecting csPCa, with rates ranging between 4.3%
and 5.2% for the ISUP grade 2 group and between
1.2% and 4.1% for the ISUP grade 3 group in patients
without prior biopsy (38, 39).0Our study showed that
mapping-targeted biopsies of the index lesion identi-
fied 96.3% of csPCa, and it was necessary to perform
mapping-targeted biopsies of the secondary lesion
to detect an additional 2.1% of csPCa cases. Another
1.6% of csPCa was only detected in systematic bi-
opsies (see below). Our findings also revealed that
biopsy at the third lesion did not identify any new
cases of csPCa.

Regarding the complementarity of systemat-
ic biopsies for detecting csPCa, Petov et al. (40) have
published a meta-analysis concluding that targeted
and systematic biopsies have comparable csPCa de-
tection rates. Marra et al. (41) reported that the PCa
detection rate of targeted biopsy was higher than that
of systematic biopsies, but their role should not be

304

123



IBJU | THE EFFECTIVENESS Of

overlooked, and the combination of targeted and sys-
tematic biopsies is essential. In line with the results
of these studies, the Cochrane systematic review
makes its position clear regarding the complemen-
tarity of systematic biopsies with targeted biopsies via
the transrectal route (14). However, the complementar-
ity of both types of biopsies via the transperineal route
is not yet well established. Porpiglia et al. (42) com-
pared the detection rate of csPCa between targeted
biopsy alone and targeted biopsy complemented with
systematic biopsy. This trial was designed as a non-
inferiority study and concluded that fusion-targeted
biopsy alone was not inferior to the fusion biopsy com-
plemented with systematic biopsy for the detection of
csPCa by the transperineal approach. In our study, the
complementarity analysis between mapping-targeted
biopsy and systematic biopsy showed that csPCa was
only detected in systematic biopsy in three cases (1%).
Regarding the correlation between mapping-targeted
biopsies and systematic biopsies, we observed that
nine ISUP-GG 1 tumors were detected in the system-
atic biopsies in men with no PCa detected in targeted
biopsies, which increased the rate of over-detection.
In three cases, systematic biopsies did not yield any
new diagnosis of csPCa but resulted in an up-grading
of targeted biopsies from ISUP-GG 2 to ISUP-GG 3 in
two cases, and to ISUP-GG 5 in one case. We consider
these findings important for establishing the manage-
ment of localized PCa with active surveillance or focal
therapy (43).

Having established the high effectiveness of
mapping-targeted biopsy of the index lesion, identi-
fying 96.3% of csPCa, we developed a new predictive
model for detecting csPCa in mapping-targeted bi-
opsies of the index lesion. This model reported a high
discrimination ability, allowing us to avoid almost
one quarter of prostate biopsies without missing ad-
ditional csPCa, accounting for seven cases (3.6%); of
these, four were detected only in the second suspi-
cious lesion, and three only in the systematic biopsy.
Additionally, to reduce almost one quarter of prostate
biopsies, the application of this model decreased the
aggressiveness of the overall prostate biopsy ap-
proach. In summary, the strategy of performing only

MAPF
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mapping-targeted biopsy of the index lesion and ap-
plying the developed predictive model avoided al-
most one quarter of prostate biopsies and reduced
the aggressiveness of overall prostate biopsies by
reducing 72.8% of the 6,573 core samples obtained.

Our study is affected by several limitations,
primarily due to its retrospective and non-random-
ized design. This study was conducted under a spe-
cific biopsy protocol, using the Artemis™ platformin a
single center. An expert reading of MRI, reclassifying
PI-RADS v.21, accurate segmentation of suspicious
lesions by an expert radiologist, and a limited number
of experienced surgeons performing the procedure
may have contributed to the high rate of csPCa de-
tection. Future well-designed studies will be needed
to analyze simple and efficient strategies for prostate
biopsy while minimizing its aggressiveness.

CONCLUSIONS

Transperineal mapping-targeted biopsy of
the index lesion was effective in identifying over 95%
of csPCa. Furthermore, the application of a devel-
oped predictive model for csPCa detection in map-
ping-targeted biopsy of the index lesion reduced the
number of prostate biopsies by almost one quarter
without missing additional csPCa. This combined
strategy significantly decreased the aggressiveness
of prostate biopsies by reducing almost 75% of core
samples obtained, particularly when using the Arte-
mis™ robotic platform.
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Simple Summary: Targeted biopsies of suspicious lesions detected in magnetic resonance imaging
are crucial to discover clinically significant prostate cancer, especially those corresponding to index
lesions. However, the optimal scheme for targeted biopsies remains unclear, despite the fact thata
two- to four-core scheme is usually recommended. Saturated biopsies of the prostate gland have
shown high efficiency in detecting significant PCa. In this article, we report a better efficacy for
mapping using a 0.5 mm core biopsy scheme than that using the two- to four-core scheme for
detecting clinically significant prostate cancer in magnetic resonance index lesions.

Abstract: Since the optimal scheme for targeted biopsies of magnetic resonance imaging (MRI)
suspicious lesions remains unclear, we compare the efficacy of two schemes for these index lesions. A
prospective trial was conducted in 1161 men with Prostate Imaging Reporting and Data System v 2.1
3-5 undergoing targeted and 12-core systematic biopsy in four centers between 2021 and 2023. Two-
to four-core MRI-transrectal ultrasound fusion-targeted biopsies via the transperineal route were
conducted in 900 men in three centers, while a mapping per (.5 mm core method (saturated scheme)
was employed in 261 men biopsied in another center. A propensity-matched 261 paired cases were
selected for avoiding confounders other than the targeted biopsy scheme. CsPCa (grade group => 2)
was identified in 125 index lesions (41.1%) when the two- to four-core scheme was employed, while
in 187 (71.9%) when the saturated biopsy (p <0.001) was used. Insignificant PCa (iPCa) was detected
in 18 and 11.1%, respectively (p = 0.019). Rates of csPCa and iPCa remained similar in systematic
biopsies. CsPCa detected only in systematic biopsies were 5 and 1.5%, respectively (p = 0.035) in
each group. The saturated scheme for targeted biopsies detected more csPCa and less iPCa than did
the two- to four-core scheme in the index lesions. The rate of csPCa detected only in the systematic
biopsies decreased when the saturated scheme was employed.

Keywords: prostate cancer; targeted blopsy; index lesion; number of cores
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1. Introduction

Risk-stratified prostate cancer (PCa) screening, based on serum prostate-specific anti-
gen (PSA) testing and magnetic resonance imaging (MRI) scanning as a follow-up measure,
is currently recommended by the European Union [1]. This new paradigm of PCa screening
is focused on maximizing the early detection of clinically significant PCa (csPCa), while
minimizing the number of prostate biopsies and the over-detection of insignificant prostate
cancer (iPCa) [2-5].

The Prostate Imaging Reporting and Data System (PI-RADS) predicts the risk of csPCa
according to the imaging characteristics of lesions detected in MRI scans [6-5]. Men with
PI-RADS < 3 have a very low probability of csPCa, and consequently, in this case, prostate
biopsies can usually be avoided [9,10]. MRI can visualize most lesions containing csPCa,
reporting them as PI-RADS 3 to 5, with an intermediate, high, and very high-risk of csPCa,
respectively [11]. PI-RADS 3 is considered the gray zone of a PI-RADS score, since the
csPCa detection rate is 18.5%, with a 95% confidence interval between 16.6 and 20.3%, but
a range between 3.4 and 46.5% [12]. A significant contribution of MRI is the possibility of
conducting targeted biopsies for suspicious lesions through MRI-transrectal ultrasound
(TRUS) fusion images [13]. However, a small percentage of csPCa are not visualized in MRI
scans and are detected only in systematic biopsies, which is the reason why these biopsies
are still recommended [14].

The recommendation for changing the approach of prostate biopsies from the classic
transrectal to the transperineal route has reduced the infrequent but dangerous infectious
complications and the inappropriate use of antibiotics [15,16] accompanying this method.
It is known that a prostate biopsy scheme for avoiding the upgrading of csPCa in radical
prostatectomy specimens requires a mapping biopsy per 0.5 mm, with additional targeted
biopsies of suspicious lesions detected by MRI [17]. However, systematic biopsies com-
plementing targeted biopsies for suspicious lesions causes significant over-detection of
iPCa [18].

The currently recommended prostate biopsy scheme suggests obtaining a two- to
four-core targeted biopsy of suspicious lesions and a 12-core systematic biopsy [14,19-21].
However, the appropriate number of cores obtained from targeted biopsies remains unclear.
Two studies have examined the correlation between the PCa grade groups detected in
prostate biopsies and those observed in radical prostatectomy specimens, suggesting that
obtaining more cores from suspicious lesions reduces the likelihood of upgrading [22,23].
Other studies, conducted in men undergoing transperineal prostate biopsies, suggest the
improved detection of csPCa when a saturation scheme for targeted biopsies is employed;
however, the results are not uniform [24-27]. The potential of the index lesion, defined from
MRI as the largest lesion with the highest PI-RADS score, for defining the aggressiveness
of PCa is known [28-30]. However, an appropriate biopsy scheme for the index lesion
could minimized unnecessary biopsies from other areas of the prostate gland, as well as
systematic biopsies [31]. Mainly, the specifics regarding the differences between the two- to
four-core and the saturated scheme for targeted biopsies is the rationale of mapping each
0.5 mm, which has been shown to be the most appropriate scheme for avoiding upgrading
in radical prostatectomy specimens [13,22-27].

We hypothesize than the saturated scheme for targeted biopsies detects more csPCa in
the index lesions than does the recommended two- to four-core scheme. The objectives of
this study are to compare the rates of csPCa and iPCa detection in both targeted biopsy
schemes and to assess the rates of csPCa detected only in systematic biopsies.

2. Materials and Methods
2.1. Design, Setting, and Participants

A prospective non-randomized trial including 1161 consecutive men suspected of
having PCa, based on a serum PSA > 3.0 ng/mL, was conducted in four centers participa-
ting in the csPCa opportunistic early detection program of Catalonia (Spain) between 1
January 2021 and 30 June 2023. All included men exhibited PI-RADS v 2.1 lesions 3 to 5
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in pre-biopsy multiparametric MRI (mpMRI), undergoing targeted biopsy of suspicious
lesions and 12-core systematic biopsy. Three participant centers, always obtaining two- to
four-cores from each suspicious lesion, reported 900 cases, while 261 cases were reported
in another center, where a mapping per 0.5 mm core scheme was always employed. Due
to the possible influence on ¢sPCa detection, men undergoing treatment with 5-alpha
reductase inhibitors and those with prior history of PCa, atypical small acinar proliferation,
or multifocal high-grade prostatic intraepithelial neoplasia were not included in this study.

2.2. Diagnostic Approach for csPCa Delection

MpMRI using a 3 Tesla scan was performed in each participant center using a pelvic
phased-array surface coil. The acquisition protocol included T2-weighted imaging (T2W),
diffusion-weighted imaging (DWI), and dynamic contrast-enhanced (DCE) imaging, ac-
cording to the guidelines of the European Society of Urogenital Radiology [6]. MpMRI
exams were reported by local expert radiologists using the PI-RADS v 2.1 [8]. Local experi-
enced operators performed prostate biopsies using the Koelis Trinity® hands-free MRI/TUS
prostate biopsy system (Koelis Inc., Grenoble, France) in the centers conducting targeted
biopsies with the two- to four-core scheme, while the Artemis® hands-free MRI/TUS
prostate biopsy system (Eigen Inc., Grass Valley, CA, USA) was used in the center perform-
ing the mapping per 0.5 mm core scheme. Experienced local uropathologists exa-mined
the biopsy material in each pathology department, reporting PCa using the International
Society of Urologic Pathology grade group (GG) classification. CsPCa was considered
when the GG was >2 [32]. Baseline characteristics of the study cohort are summarized in
Table 1.

Table 1. Characteristics of cohort study.

Characteristic Measurement
Number of men 1161
Median age, years (IQR) 67 (61-73)
Median serum PSA, ng/mL (IQR) 6.7 (5.1-99)
Abnormal DRE, # (%) 200 (25.8)
Median prostate volume, ml (IQR) 50 (36-70)
Prior negative prostate biopsy, 1 (%) 403 (34.7)
Family history of PCa, 1 (%) 96 (8.3%)
Median suspicious lesions, n (IQR) 1(1-2)
Median length of suspicious lesions, mm (IQR) 11 (5-17)
Localization of the index lesion, n (%)
Peripheral zone 835(71.9)
Central-transition zone 278 (23.9)
Anterior zone 48 (4.2)
PI-RADS score of the index lesion, 1 (%)
3 260 (22.4)
4 587 (50.4)
5 315(27.1)
Median cores obtained in targeted biopsy, n 3(1-7)
(IQR) index lesion, n (IQR) h
Overall PCa detection, 1 (%) 815 (70.2)
csPCa 601 (51.8)
iPCa 241 (18.4)

IQR = interquartile range; 1 = number; PCa = prostate cancer; ssI"Ca = clinically significant PCa; 1PCa = insignifi-
cant PCa.

2.3. Variables in the Study and Qutcome Variables

Age (years), first degree PCa family history (no vs. yes), type of prostate biopsy (initial
vs. repeated), serum PSA (ng/mL), DRE (normal vs. suspicious), MRI-prostate volume
(mL), PI-RADS score v 2.1 (3 to 5), size and localization of the index lesion, targeted biopsy
scheme (two- to four-core vs. mapping per 0.5-core) were predictive variables in the study.
Outcome variables were cs’Ca and iPCa detection.
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2.4. Statistical Analysis

Statistical analysis was conducted after harmonization of the anonymized datasets.
Data were prospectively collected and reported according to the Standards of Reporting for
MRI-Targeted Biopsy Studies (START) to describe the study population [33]. Quantitative
variables are described using medians and interquartile ranges (IQR: 25th-75th percentile),
while qualitative variables are described using numbers and percentages. Quantitative
variables were compared between groups using the Mann-Whitney U test. Qua-litative
variables were compared between groups using Pearson’s chi-square test. Relative risk
(RR) of esPCa and 95% confidence intervals (CI) were assessed. A logistic regression
analysis conducted for detecting independent predictive variables of csP’Ca, in addition
to the targeted biopsy scheme, showed that PI-RADS score, prostate volume, age, serum
PSA, location, and size of the index lesion were independent predictors of csPCa and were
potential confounders for csPCa detection (Table 2).

Table 2. Multivariate analysis searching confounder variables for csPCa detection in the index lesion,
in addition to the targeted biopsy scheme employed.

Predictive Variable Odds Ratio (95% CI) p Value

Age, Ref. year 1.061 (1.036-1.086) <0.001

Serum PSA, Ref. ng/mlL 1.062 (1.027-1.099) <0.001

DRE, Ref. normal 1.154 (0.775-1.718) =0.481

Type of biopsy, Ref. initial 0.960 (0.695-1.429) =0.841

PCa family history, Ref. no 1.258 (0.749-2.111) =0.386

Prostate volume, Ref. mL 0.972 (0.065-0.979) <0.001

Number of suspicious lesions, Ref. one 1.387 (0.863-2.231) =0.177
PI-RADS score of the index lesion, Ref. 3 2.718 (2.032-3.365) <0.001
Size of the index lesion. Ref. mm 1.071 (1.030-1.113) <0.001
Localization of the index lesion, Ref. peripheral zone 0.611 (0.438-0.852) =0.004
Targeted prostate biopsy scheme, Ref. 2- to 4-core 2.137 (1.869-3.439) <0.001

CI = confidence interval; PSA = prostate specific antigen; DRE = digital rectal examination; PCa = prostate cancer;
PI-RADS = Prostate Imaging Reporting and Data System.

A randomized 1:1 matched group from all predictive variables was selected using the
R package matching v 4.10, a multivariate and propensity score matching software with
automated balance optimization (R Foundation for Statistical Computing, Vienna, Austria).
In a subset of 522 men, the two- to four-core scheme was employed, and the mapping per
0.5 mm core scheme was used in the other 261 men. Table 3 shows the sui-tability of this
matched paired group for analysis, since all baseline confounder characte-ristics for csPCa
detection were equally distributed in both study subsets. A p value of <0.05 was considered
statistically significant. The data were analyzed using the Statistical Package for the Social
Sciences (version 29.0; IBM Corp., Armonk, NY, USA).

Table 3. Baseline characteristics of the paired matched study group and a comparative analysis
between them, according to biopsy scheme applied for targeted biopsy of the index lesions.

Biopsy Scheme of the Index Lesion

Baseline Characteristic - p Value
Two- to Four-Core Mapping x 0.5 mm Core

Number of men, 1 (%) 261 (50.0) 261 (50.0) -
Median age, years (IQR) 67 (61-73) 67 (61-73) =1.000
Median serum PSA, ng/mL (IQR) 6.7 (5.0-9.6) 6.7 (5.0-9.6) =1.000
Abnormal DRE, 1t (%) 65 (24.9) 67 (25.7) =0.678
Median prostate volume, ml (IQR) 45 (33-62) 45 (33-62) =1.000
Prior negative prostate biopsy, n (%) 63 (24.1) 68 (26.0) =0.357
Family history of PCa, n (%) 30 (11.5%) 28 (10.7) =0.419
Median suspicious lesions, 1 (IQR) 1(1-2) 1(1-2) =1.000
Median length of the index lesion, mm (IQR) 12 (9-18) 12 (9-18) =1.000
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Table 3. Cont.
Biopsy Scheme of the Index Lesion
Baseline Characteristic - p Value
Two- to Four-Core Mapping x 0.5 mm Core
Index lesion localization, 1 (%)
Peripheral zone 179 (68.6) 179 (68.6) =1.000
Central /transition zone 62 (23.8) 62(23.8) =1.000
Anterior zone 20(7.7) 20 (7.7) =1.000
PI-RADS score of index lesion, n (%)
3 71(27.2) 71(27.2) =1.000
4 118 (45.2) 118 (45.2) =1.000
5 72 (27.6) 72(27.6) =1.000
Median number of cores in the index lesion, n _
(IOR) obtained, 1 (IOR) 2(1-3) 9(5-12) -0.016
QOverall PCa detection, 1 (%) 328 (63.9) 216 (82.7) <0.001
csPCa, 1 (%) 235 (45.8) 187 (71.6) <0.001
iPCa, n (%) 93 (18.1) 29 (11.1) =0.012

1QR = interquartile range; n = number; PI-RADS = Prostate Imaging Reporting and Data System; PCa = prostate
cancer; csPCa = clinically significant PCa; iPCa = insignificant PCa.

3. Results
3.1. Baseline Characteristics of the Study Population

The baseline characteristics of the propensity-matched group comprising 522 men,
including 261 men who underwent targeted biopsies employing the two- to four-core
scheme and 261 who underwent the mapping per 0.5 mm core scheme, were similar except
in regards to the median number of cores utilized in each targeted biopsy scheme, which
were 2 (IQR 1-2) and 9 (IQR 5-12), respectively (p = 0.016). The detection rate of PCa in the
index lesion and the 12-core systematic biopsies, according to the employed scheme, were
63.6 and 82.7%, respectively (p < 0.001), with 45.8 and 71.6% csPCa, and 18.1 and 11.1%
iPCa, respectively (p = 0.012), Table 3.

3.2. CsPCa Detection in the Index Lesions according to the PI-RADS Score and the Biopsy Schene

Among 142 men with a PI-RADS score of 3, csPCa was identified in 13 of 71 (18.3%)
index lesions biopsied using the two- to four-core scheme, while in 26 of 71 (26.8%) when the
mapping per 0.5 mm core scheme was employed, with an RR of 1.298 (959 C1 0.824-2.045),
p =0.158. Among 236 men with a PI-RADS score of 4, these rates were 47.4% and 87.3%,
respectively, with an RR of 2.286 (95% CI 1.802-2.900), p = 0.001. Among 144 men with a
PI-RADS score of 5, the rates were 77.8% and 90.3%, respectively, with an RR of 1.503 (95%
CI1.079-2.094), p < 0.001 (Figure 1).
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Figure 1, CsPCa detection in the index lesion targeted biopsies, according to the employed two- to
four-core and mapping x (1.5 mm core schemes and the PI-RADS score.
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3.3. Detection of csPCa and iPCa in the Index Lesions, According to the Employed Biopsy Schemte
and Those Detected in Systematic Biopsies

Figure 2 summarizes the csPCa and iPCa detection in the targeted biopsies of the index
lesions and systematic biopsies, according to the employed targeted biopsy scheme. CsPCa
detection in the index lesions was 47.9% when two- to four-core scheme was applied, while
71.9% when mapping per 0.5 mm core scheme was used, with an RR of 1.616 (95% CI
1.366-1.913), p < 0.001. IPCa detected in the index lesions were 18.8 and 11.1%, respectively,
with an RR of 0.760 (9% CI 0.624-0.925), p = 0.006. The csPCa detection rates in systematic
biopsies, according to the biopsy scheme employed in the targeted biopsies, corresponded
to 28.0%, when the two- to four-core scheme was used, and 26.8%, when the mapping per
0.5 mm core scheme was employed, with an RR of 0.829 (95% CI 0.789-1.121), p = 0.228.
The IPCa detection rates in systematic biopsies were 19.2% and 21.5%, respectively, with an
RR of 1.191 (95% C10.940-1.909), p = 0.187.
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Figure 2. Detection of csP’Ca and iPCa in the index lesion targeted biopsies and the 12-core syste-matic
biopsies, according to the two- to four-core and mapping x 0.5 mm core schemes employed in the
targeted biopsies.

CsPCa was detected only in 12-core systematic biopsies in 5.0% of cases when the
two- to four-core scheme was applied in the targeted biopsies, while it decreased to 1.5%
when the mapping per 0.5 mm core scheme was employed, with an RR of 0.642 (95% CI
0.486-0.848), p = 0.213 (Figure 3).
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Figure 3. CsPCa detection in only the 12-core systematic biopsies, according to the two- to four-core
and mapping x 0.5 mm core schemes employed in the targeted biopsies.
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4. Discussion

The analysis of this prospective and multicenter trial was conducted in a propensity-
paired matched group to avoid the influence of existing confounder variables for csPCa
detection other than the targeted biopsy scheme. Our main findings were, (i) the csPCa
detection in the index lesions improved when the saturated mapping per 0.5 mm core
targeted biopsy scheme was employed, compared with the results for the currently rec-
ommended two- to four-core scheme; (ii) this improvement was observed in all PI.RADS
categories, although it was significant only in categories 4 and 5; (iii) the iPCa detection
rates in the index lesions decreased when the saturated scheme was employed, compared
with the results for the two- to four<ore scheme; (iv) the percentage of csPCa detected only
in systematic biopsies decreased when the saturated scheme was employed compared to
the results for the two- to four-core scheme.

In 2013, the Ginsburg Study Group first proposed obtaining two to four cores in
targeted biopsies of suspicious lesions in MRI-TRUS fusion prostate biopsies conducted via
the transperineal route. This group also proposed at least 4-core biopsies of the anterior,
mid, posterior, and basal sectors of the right and left prostate lobules, resulting in 24 cores
for prostate glands of less than 30 mL, 32 cores for those of 30 to 50 mL, and 38 additional
cores for prostate glands of more than 50 mL [17]. In 2016, Radtke et al. observed that
the Ginsburg approach was able to identify 97% of csPCa detected in 120 radical prosta-
tectomy specimens, while only 79% of them were identified in systematic biopsies, and
88% were found in targeted biopsies alone [22]. In 2018, Calio et al. examined 122 men
who underwent targeted MRI-TRUS index lesion biopsies employing a two-core scheme
and 86 men who underwent a mapping per 0.6 mm core scheme. Additionally, all men
underwent a 12-core systematic biopsy. The authors observed a surgical specimen upgrad-
ing of 40.9% with systematic biopsies, 23.6% with two-core targeted biopsies, and 13.8%
with mapping per 0.6 mm core targeted biopsies [23]. Many studies have focused their
attention on the findings in the index lesions, due to its high predictive power for defining
PCa aggressiveness [28-30].

It is difficult to compare our results with those observed in previous reports due to
the variability of study designs. In 2020, Hansen et al. analyzed 487 men who underwent
transperineal MRI-TRUS prostate biopsies following the Ginsburg approach. Targeted
biopsies of suspicious lesions using the two-core scheme only detected 67% of csPCa. In
contrast, extended targeted biopsies obtaining two additional cores from sectors adjacent
to the index lesion detected 76% of csPCa, and targeted biopsies using a six-core scheme
detected 91% of csPCa [24]. This study suggested that obtaining more cores from targeted
biopsies of the index lesion improved csPCa detection. In 2021, Tschirdewahn et al. reported
a study conducted in 213 men who underwent targeted biopsies of suspicious MRI lesions,
employing the Ginsburg ap proach, between 2016 and 2018. Targeted biopsies were collected
using a four-core scheme. Targeted biopsies involved collecting 4 cores from suspicious
lesions and additional cores from adjacent sectors, and systematic biopsies obtained 9
to 10 cores. Targeted saturated biopsies detected 99% of 134 ¢sPCa, while non-saturated
targeted biopsies detected 87%, and systematic biopsies detected 82% [25]. This study also
confirms that greater core obtention in targeted biopsies increases csPCa detection.

In 2023, Cetin et al. reported an analysis of 167 men in whom targeted biopsies
obtained two cores from the center of the suspicious lesions and two additional cores from
the periphery. One central core identified 65.6% of csPCa, two central cores identified 92.2%,
two central cores and one peripheral core identified 96.9%, and two central cores and two
peripheral cores identified 100% of csPCa. These authors concluded that the two central
cores scheme was sufficient to detect the vast majority of csPCa because the diffe-rence
between two and four cores was non-significant [25].

Finally, in 2023, Sanner et al. reported a prospective single-center trial randomizing
170 men who underwent transperineal targeted biopsy of suspicious lesions employing
a four-core scheme compared to targeted saturated biopsies using a nine-core scheme.
Both schemes were complemented with a 24-core systematic biopsy. Targeted biopsies
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detected 91.7% of csPCa, while targeted saturated biopsies detected 100%. Because this
difference was non-significant, the authors concluded that csPCa detection did not differ
between targeted and saturated targeted biopsies [27]. The results of this prospective
and randomized trial contradict the previous retrospective study reported by the same
authors [24]. A recently reported study has noted the importance of only biopsying the
index lesion with an appropriate scheme for avoiding targeted biopsies of secondary lesions
and systematic biopsies [31]. Additionally, our results suggest that saturated targeted
biopsies reduce the rate of csPCa detected only in systematic biopsies. This finding requires
confirmation in additional studies.

Our study is limited by its non-randomized design, although the propensity-matched
paired group selection minimized the effect of confounder variables for csPCa detection.
The utilization of different devices for MRI-TRUS biopsies and the level of experience of the
surgeon performing the two different types of prostate biopsies can influence the results, as
can the inter-variability between pathologists. The csPCa outcome va-riable detected in
prostate biopsies does not represent the true csPCa detected in the radical prostatectomy
specimens. Since we decided to conduct this study using the index lesions, a limitation
exists in regards to recommending the saturated targeted biopsy scheme for all suspicious
lesions. A limitation exists for recommending a prostate biopsy approach based only on a
saturated targeted scheme of the index lesion, since the current knowledge suggests the
importance of perilesional biopsies for avoiding ipsilateral systematic biopsies [34-37].

One of the strengths of this study is that it is conducted using matched pairs of
men suspected of having PCa in order to avoid the influence of confounders for csPCa
detection. One of the study’s weakness is that it is retrospective, with a non-randomized
design. However, new evidence is generated for recommending saturated targeted biopsies,
possibly without systematic biopsies, if perilesional biopsies are obtained. Well-designed
prospective and multicenter randomized trials identifying the most effective and least
aggressive prostate biopsy scheme for transperineal prostate biopsy are needed for maxi-
mizing the detection of csPCa, minimizing the over-detection of iPCa, and reducing prostate
biopsy site effects.

5. Conclusions

Saturated targeted biopsies, using a mapping per 0.5 mm core scheme, were able to
detect more csPCa and less iPCa than the recommended two- to four-core scheme in the
index lesions. This advantage was particularly notable in individuals with PI-RADS scores
above 3. The rate of csPCa detected only in 12-core systematic biopsies decreased when the
mapping per 0.5 mm core scheme for targeted biopsies was employed.
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Simple Summary: With the consolidation of multiparametric resonance of the prostate as an effective
method in the diagnosis of clinically significant prostate cancer (csP’Ca), robot-assisted devices
have been developed in recent years to use in targeted prostate biopsy. However, their potential
advantages over standard biopsy remain unclear. The 2019 European Association of Urology (EAU)
prostate cancer (PCa) guidelines recommend transperineal biopsy as the first option over transrectal
biopsies. From this systematic review, we confirm that almost with all developed devices, a series of
transperineal biopsies have been reported. Those using rigid fusion systems have reported better
detection rates of csPCa.

Abstract: Given this new context, our objective is to recognize the suitability of the currently available
software for image fusion and the reported series using the transperineal route, as well as to generate
new evidence on the complementarity of the directed and systematic biopsies, which has been
established through the transrectal approach. Evidence acquisition: This systematic review, registered
in Praspero (CRD42022375619), began with a bibliographic search that was carried out in PubMed,
Cochrane, and Google Scholar databases. The Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) criteria and the studied eligibility based on the Participants, Intervention,
Comparator, and Outcomes (PICO) strategy were followed. Warp analysis of selected studies was
performed using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool. In
addition, a Google search of all currently available fusion platforms was performed. Our Google
search found 11 different commercially available robots to perform transperineal image fusion
biopsies, of which 10 devices have published articles supporting their diagnostic effectiveness in
transperineal prostate biopsies. Results: A total of 30 articles were selected and the characteristics
and results of the biopsies of 11,313 patients were analyzed. The pooled mean age was 66.5 years
(63—69). The mean pooled PSA level was 7.8 ng/mL (5.7-10.8). The mean pooled prostate volume
was 454 cc. (34-56). The mean pooled PSA density was (.17 (0.12-0.27). The overall cancer detection
rate for all prostate cancers was 61.4%, while for csPCa it was 47.8%. PCa detection rate was more
cffective than that demonstrated in the systematic transrectal biopsy. However, the detection of
csPCa in the systematic biopsy was only 9.5% in the reported series. To standardize our review, we
grouped prostate cancer screening results according to the population studied and the software used.

When the same populations were compared between elastic and rigid software, we found that rigid

Copyright: © 2023 by the authors. . . 3 . . . ) ) ) . G
biopsies had a higher csPCa detection rate than biopsies with elastic fusion systems. Conclusion:
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Platforms performing prostate biopsy using transperineal image fusion have better detection rates
of csPCa than systematic transrectal biopsies. Rigid fusion systems have a better csPCa detection
rate than clastic ones. We found no diagnostic differences between the different types of robotic
systems currently available. The complementarity of systematic biopsy has also been demonstrated
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in transperineal imaging fusion biopsies.
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1. Introduction

Prostate cancer (PCa) is currently the most common malignancy and the third leading
cause of cancer mortality in men in the United States (US) and Europe (EU) [1]. It represents
approximately 7.5% of the new cancer cases diagnosed in the EU [2]. Approximately
1.4 million men worldwide were diagnosed with PCa in 2020, representing 15% of all
cancers in men [3]. The suspicion of PCa is based on the serum measurement of prostate-
specific antigen (PSA) level and the abnormalities detected via the digital rectal examination
(DRE), while prostate biopsy is conducted to confirm the diagnosis [4]. Prostate cancer
screening continues to be controversial due to the adverse effects of excessive unnecessary
prostate biopsies and the over-detection of insignificant tumors (iPCa), estimated to be
between 40 and 50% of cases, which has often resulted in over-treatment [5].

The clinically significant PCa (csPCa) in prostate biopsies can be defined in several
ways. The most widespread was established from the Gleason pattern 3 + 4 or higher,
which is equivalent to the current groups 2 to 5 of the International Society of Urologic
Pathology (ISUP-GG) [6]. In recent years, complementary tools have been suggested to
avoid unnecessary biopsies and over-detection of iPCa, such as new molecular markers,
predictive models, and classic PSA density. However, the greatest contribution has been
made by the prostate magnetic resonance imaging (MRI) and the possibility derived from
the biopsies of suspicious areas [7]. The development of multiparametric MRI techniques
(mpMRI) and the overall improvement in their interpretation through the Prostate Imaging-
Report and Data System (PI-RADS) have been essential to identify csPCa suspicious areas
and their semi-quantitative risk [8,9]. These innovations and the evolution of the PI-RADS
for the categorization of prostate lesions classified from very low to high suspicion of csPCa,
have prompted the creation of “softwares” that allows to merge the areas observed in
the MRI with the transrectal ultrasound (TRUS) images observed in real time [10]. Image
fusion prostate biopsy is an effective tool that allows for increased detection of csPCa and
decreased detection of iPCa, regardless of the transrectal or transperineal route used [11].
These fusion software platforms facilitate guided biopsies of the suspicious areas previously
identified by mpRMN, called targeted biopsies, and perform systematic biopsies for the
rest of the gland.

Differences between devices mainly concern the registration algorithm (rigid versus
elastic), the navigation strategy (organ-based versus electromagnetic tracking), post-biopsy
needle position documentation and the use of articulating robotic arms. This fusion process
is performed by computerized image registration, which consists of an overlay of MRI-
detected lesions and real-time TRUS images [12]. In this procedure, separate MRI and
ultrasound images for prostate biopsy are spatially aligned using a fusion software. There
are several commercially available software-assisted MRI-TRUS fusion platforms that use
different recording methods (rigid or elastic) to fuse MRT and ultrasound. Rigid registration
allows the surgeon to manually rotate the MRI and TRUS images relative to each other
to produce the best alignment between the images, even though the images themselves
do not change. In contrast, elastic registration uses a software algorithm to compensate
for the changes in the shape of the segmented prostate gland, which can occur between
preoperative MRI and intraoperative imaging during prostate biopsy [13].

The 2019 European Association of Urology (EAU) PCa guidelines recommend transper-
ineal biopsy as the first option over transrectal biopsies. This recommendation is based
on a meta-analysis of seven studies that have included 1330 biopsied men with suspected
PCa and have shown that transperineal biopsies significantly reduce complications from
infections compared to transrectal biopsies [14]. Given this new context, it is essential to
recognize the suitability of the different “software” used for transperineal biopsy via image
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fusion currently available, as well as to generate new evidence on the complementarity of
targeted and systematic biopsies, which has been established using the transrectal route in
the systematic review of the Cochrane organization [15].

We perform a systematic review of the literature and Google research with the aim
of identifying the currently available commercialized software image-fusion systems for
performing prostate biopsies via the transperineal route, determining their effectiveness in
the diagnosis of csPCa, and revealing the complementarity of the targeted and systematic
transperineal biopsies.

2. Evidence Acquisition
2.1. Systematic Review

A literature search was carried out by two independent authors (NEP and JM) on the
PubMed, Cochrane and Google Scholar databases for articles published before 28 February
2023. The MeSH (Medical Subject Heading) [16] terms “prostate cancer” AND ‘biopsy”
AND “MRI" as well as the keywords “prostate cancer” AND ‘softwares” OR ‘robot” OR
‘elastic fusion systems’ OR ‘rigid fusion systems’ AND ‘transperineal” OR ‘multiparametric
MRI fusion biopsy’ AND ‘systematic prostate biopsy” AND ‘targeted prostate biopsy”
were used. The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) [17] were followed. The PICO (Population, Intervention, Comparison, and
Outcomes) [18] selection criteria were established as men who underwent prostate biopsy
through the transperineal route using software fusion of ultrasound and multiparametric
MRI evaluating the results in the detection of csPCa. Studies not published in English,
studies that did not report results, systemalic reviews, and meta-analyses were excluded.
Discrepancies between the two reviewers were resolved by discussion or by consulting
a third reviewer. This review was registered in the international prospective registry of
systematic reviews (PROSPERO: CRD42022375619).

A total of 321 references were initially identified, however, 83 of them were first
excluded due to duplicated titles. After the analysis of abstracts, another 50 were discarded
because they were narrative or systematic reviews and meta-analyses, and then 145 studies,
analyzed via the transrectal approach or cognitive transperineal technic, were removed
as well. Finally, 43 articles were identified, which complied reports on series of biopsies
performed using the image fusion software through the transperineal route; 30 out of these
43 met the PICO selection criteria. The PRISMA study selection flowchart is summarized
in Figure 1.

=

2 Potentially relevant studies from

d pPubMed (321), Cochrane Library (14),

E and Google Scholar (474).

a Filters: English language.

@ JI > l 83 duplications removed by titles.

z .

§ 238 papers screened by titles and abstracts 198 abstiact ncided

4 I . 50 systematic reviews or meta-analysis
= [ > ® 145 papers: Transrectal approach or
=

S | 43 full-text articles assessed for eligibility | CognRive transperinaal technic

w

A

} > | 13 articles excluded
| 30 studies included after review of full text |

INCLUDE

Figure 1. Flowchart of the search strategy.
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2.2. Quality Assessment of Selected Studies

The quality of the selected studies and the risk of bias and applicability concern of
single studies included were assessed using the tool, Quality Assessment of Diagnostic
Accuracy Studies (QUADAS-2) [19], as shown in Table 1 and Figure 2. We found the
heterogeneity of the populations analyzed in the different types of studies selected as a
notable reason for the bias of this review. Of the 30 articles, 13 collected data according to
the Standards of Reporting for Magnetic Resonance Directed Biopsy (START) Studies of
the Prostate working group guidelines [20].

Table 1. Risk of bias assessed using QUADAS—2.

Study Risk of Bias Applicability Concerns
Patient Index Reference Flow and Patient Index Reference
Selection Test Standard Timing Selection Test Standard

Jacewlcz et al. [21] ()] © O] Q ® @) @
Mischinger et al. [22] Q@ © (0] Q@ (&) © ?
Lee et al. [23] 2 © 2 @ ? ® @
Marra et al. [24] © (@] @ @ (&) ? @
Jacewicz et al. [25] © © (] @ © ® @
Miah et al. [26] ? ® ® @ ? ) @
Gilnzel etal. [27] @ ® @ @ @ ® @
Mechmood et al. [25] (&) ® ® @ @ ® (@]
Hakozaki et al. [29] &) © ® ® &) ® @
Gortz et al. [30] ® ® ® ® ® &) )
Hakozaki etal. [31] ? ® ® @ ? ® ®
Miah et al. [32] @ ? ©] @ @ ? @
Tschirdewahn et al. [33] © © ©)] @ &) ® @
Hansenet al. [24] © () O] @ © ® ?
Lian et al. [35] o) ® ® e e ) @
Radtkeetal. [36] ? ® ® @ ? ® @
Kim et al. [37] ? &) ©] @ ? ® L
De Vulder et al. [35] © © ] ¢] (&) ® @
Winoker et al. [39] © ? o] ? © ? (@]
Wajswol et al. [40] © © () ? ? © ?
Hansen et al. [11] ? ® ® @ e ® @
Shoji et al. [42] @ &) ©] @ @ ® @
Kaufmann et al. [43] © ® ® @ (&) ® @
Fulco et al. [44] o © @ &) ? (&) Q
Thaiss etal. [45] ? © ® @ ? () (@]
Kozel et al. [46] o) ® ? @ IS ® @
Dahl etal. [47] ? ® ? @ ? ©] @
Pepe et al. [48] © ® ® Q@ © ® @
Fletcher et al. [49] ) ) © Ie) ? © )
Kaneko et al. [50] © © © ? ? © (@]

@ Low Risk; @ High Risk; ? Unclear Risk.
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FLOW AND TIMING

QUADAS-2 Domain

PATIENT SELECTION

REFERENCE STANDARD

INCEX TEST

B o .HWI M unciear

0% % ok 60% 0% 100% 0% 0% a0k 60% 0% 100%

Proportion of studies with low, high or unclear Proportion of studies with low, high or unclear
RISK of BIAS CONCERNS regarding APPLICABILITY

Figure 2. Quality assessment according to QUADAS-2 of the included studies.

2.3. Data Extraction in the Selected Studies

The selected articles were recorded on a standard form, along with information on
participants, MRI, and biopsy characteristics. The form included the following details.
(1) Article: origin (authors, and year of publication), journal, study design, number of
participants, and definition of csPCa. (2) Study participants: pre-hiopsy population (hiopsy
naive and/or prior negative biopsy and/or AS an/or FT control and /or SBRT recurrence),
age, mean prostate volume and mean PSA, PSA density and DRE. (3) MRI: type of magnetic
resonance, Tesla, type of coil (surface vs. endorectal), time between MRI and biopsy and
PI-RADS version. (4) Biopsy: type of anesthesia, approach, patient position, platform used,
fusion mode, probe manipulation, prostate segmentation, PCa and csPCa detection rates,
number of cores and number of lesions, PI-RADS score, positive cores in TB and SB and
added value SB. The study time and complications were also analyzed.

2.4. Searching Devices for MRI-TRUS Fusion Prostate Biopsies in Google and Their Characteristics

In addition to the literature review, a Google® search was conducted to identify all
robots and software available to perform transperineal fusion prostate biopsies. We found
11 different types of robots. Table 2 describes their characteristics.

Table 2. Types of robots currently available. Coogle® search.

Fusion Biopsy System guve Ultrasound Tracking Fusion Biopsy
(Manufacturer) Kitrasound Image: Scquisiton Mechanism Method Route
Artemis (Eigen, Inc., Grass Manual rotation alofig 4 fixed Mechanical arm with encoded

axis (ultrasound probe on a Rigid /Elastic  TP/TR

Valley, CA, USA) tracking arm), joints.
: ) ; Real-time biplanar TRUS and 3D
BieJet (Deek Technalogies, model of the prostate mounted ~ Stepper with 2 built-in encoders. Rigid/Elastic =~ TP/TR
Inc., Barum, Germany) Sl
i on a positioning system.
Biopsee (MedCom, Inc.,, Custom-made biplane TRUS . i - s
Parniskadt Getmany) probie rcimted on & SEppEr Stepper with 2 built-in encoders. Rigid /Elastic =~ TP/TR

HI RVS/Real-time Virtual
Sonography (Hitachi, Inc.,
Tokio, Japan)

Real-time biplanar TRUS. Electromagnetic tracking. Rigid TP/TR
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Fusion Biopsy System g Ultrasound Tracking Fusion Biopsy
(Manufacturer) Ultrasounid Tmuge: Acquisitsen Mechanism Method Route
Manual ultrasound 2D sweep.
UroNav (In Vivo/Philips, ~ Freehand manipulation of Electromagnetic tracking sk z
Inc, Cambridge, MA, USA)  ultrasound probe or mounted on  ultrasound. Rigsd/Elosgic: “TELIR
a stepper.
Urostation (Koelis, Inc Automatic ultrasound probe
Mevlan, Franc S rotation, three different volumes Image-based registration. Elastic TP/TR
eylan, France) elastically registered.
SR o.bot e psa (ot Motorized translation. Robotic arm. Elastic ™
Surgical, Inc., Singapore)
MIM Symphonyx Bx (BK, ' : 3 -
Inc., Seoul, South Korea) Motorized translation. Encoder. Rigid TP/TR
L Manual ultrasound sweep. : :
Virtual Navigator (Esaote, e Electromagnetic tracking Rigid TP/TR
Inc., Genova, Italy) e ultrasound and needle.
Aplio i800 (Canon Medical Fusion Imaging of live US/MRI o
Systems, Inc., Crawley, UK) Hineelisiid sieeeg. guidance for targeted biopsy- Rigid TeIR
Logiq (GE, Inc., Boston, Préetidng swidp Fusion Imaging of live US/MRI Rigid TP/ TR

MA, USA)

guidance for targeted biopsy.

3. Evidence Synthesis

The full texts of the 30 selected articles were analyzed, and their results were struc-
tured using demographic data, biopsy and MRI characteristics, definition of csPCa, cancer
detection rates, and software used.

Series from all the platforms mentioned in Table 2 have been found, except for the
articles about prostate biopsies via transperineal fusion performed with Robot Artemis. It
is necessary to clarify that there are currently other intelligent ultrasounds with the capacity
to do fusion images with resonance (not only for prostate biopsies), but either the evidence
was demonstrated for biopsies by the transrectal route, or no evidence was found for the
transperineal route in this review.

Of the 30 articles, 21 studies were conducted prospectively (none randomized)
[21,22,24,27-30,32-35,38—43,48-50] and nine retrospectively [23,25,26,31,36,37,44,45 47].

Eight series were multicenter [21,24-26,34,35,40,49] while the remaining 22 were from
a single center [22,23,27-33,36-40,42-48,50]. Overall, the characteristics and biopsy results
of 11,313 patients were analyzed.

3.1. Dentographics

The pooled mean age was 66.5 years (63-69). The mean pooled PSA level was
7.8 ng/mL (5.7-10.8). The combined mean prostate volume was 45.4 cc. (34-56). The
mean pooled PSA density was 0.17 (0.12-0.27). A total of 10,457 lesions were analyzed.
PI-RADS 1-2: 764 lesions, PI-RADS 3: 2748 lesions, PI-RADS 4: 4126 lesions, and PI-RADS
5: 2339 lesions. Likert 1-2: 12 lesions, Likert 3: 111 lesions, Likert 4: 195 lesions and
Likert 5: 162 lesions. Information regarding the result of the DRE has been reported by
10 articles [24,30-32,36,37,40,41,43,50] with an average abnormal DRE of 22% (5-35).

The study population included two articles [42,45] on patients with naive biopsy, three
articles [34,35,48] on patients with previous negative biopsy, twelve articles [22-24,26,28,30,
32,33,36,41,43,44] on patients with naive biopsy and previous negative biopsy, eleven stud-
ies [27,29,31,3740,46,47,49,50] on patients with naive biopsy and previous negative biopsy
and patients in active surveillance (AS) and finally, two articles by Jacewicz et al. [21,25] on
patients with no prior biopsy, patients with prior negative biopsy, AS, focal therapy (FT)
control, and SBRT recurrence. These data are presented in Table 3.
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3.2. Characteristics of the Biopsies and MRI

All resonances performed prior to the biopsies were carried out via 1.5 or 3.0 Tesla
resonators scans and interpreted using the PI-RADS score Version 1.0 in 1 article [34],
version 2.0 in 26 studies [21-25,27-33,35-44,46-48,50], and version 2.1in 1 article [45]. In
two series [26,4Y], the reading of the resonance was carried out using the Likert scale.

All biopsies were performed in the lithotomy position. The biopsies were performed
using local anesthesia in 11 series [21,24,25,27,37-39,46,47,49,50], 15 with general anesthe-
sia [22,23,26,28,30-36,40,41,43,44], 1 with sedation [48], and 2 with spinal anesthesia [29,42].
One series did not report the type of anesthesia used [45].

Segmentation of the prostate is not a commonly reported step in fusion biopsy series.
In our review, 16 series reported who previously segmented the prostate before performing
the image fusion. In 11 studies [24,27,32,35 40,42-44 46,47 49], the segmentation was carried
out by the urologist, in 3 it was carried out by the radiologists [22,23,33], while in the series
by Jacewicz et al. [21,25] the segmentation was carried out by both faculties.

The distribution of the types of robots used in each study can be seen in Table 4. Of
the 30 articles analyzed, the biopsies have been carried out using software that performs
elastic fusion in 16 studies [21-23,25,27,30,32,37,39 40,42,44-47,50] and in 14, by rigid fusion
[24,26,28-31,33-36,38,41,43,48,49]. Gortz et al. [30] made a comparison of both fusion
systems using the Biopsee (rigid) and the Uronav (elastic) systems. The number of cores
for target biopsy ranged from 2 to 8 and from 12 to 24 for systematic biopsy. The biopsy
time, specifically called the probe time by the authors, was reported in only five articles
[21,25,42,46,49], and was approximately between 15 and 30 min for each biopsy. The
total time between anesthesia, positioning, segmentation, and probe time was mentioned
by Jacewicz et al. [21,25] and Kozel et al. [46] and they both coincided in about 60 min;
see Table 5.
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Table 3. Characteristics of the studies and populations included.

Serie Author Country Study Design zenters ;‘a tients Pop. x;a" Age ?:;SSSA r:)a" 24 Mean PSAd 3§E+
1 Jacewlcz et al., 2021 [21] Norway Prospective 2 401 4 69 69 40 0.17 NR
2 Mischinger et al., 2018 [22] Germany Prospective 1 202 2 66 8 36 0.21 NR
3 Lee et al., 2020 [23] Singapore Retrospective 1 433 2 66.1 10.4 43.2 0.27 NR
4 Marra et al., 2021 [24] Ttaly Prospective 4 1014 2 66.8 8.1 513 0.2 234
5 Jacewicz et al., 2020 [25] Norway Retrospective 2 377 4 67 72 43 0.17 NR
6 Miah et al., 2019 [26] UK Retrospective 11 640 2 638 7.8 47.4 0.16 NR
7 Giinzel et al., 2022 [27] Norway Prospective 1 969 3 68 6.72 45 0.15 NR
8 Mehmood et al., 2021 [2§] KSA Prospective 1 100 2 64 6.1 50 0.12 NR
9 Hakozaki etal., 2017 [29] Japan Prospective 1 177 3 68 742 429 0.17 28.8
10 Gortz et al., 2022 [30] Germany Prospective 1 939 2 65 7.7/76* 44/50 %1 0.17/0.15*1  35/28*
11 Hakozaki etal., 2019 [31] Japan Retrospective 1 310 3 682 8.6 42.8 0.12 209
12 Miah et al,, 2019 [32] UK Prospective 1 86 2 642 10 51.03 0.19 NR
13 Tschirdewahn et al., 2020 [33] Germany Prospective 1 213 2 66 7.8 50 0.14 15
14 Hansen et al., 2017 [34] Cermany Prospective 2 487 5 66 9 56 0.15 NR
15 Lian et al., 2017 [35] China Prospective 2 101 5 689 10.8 421 0.25 NR
16 Radtke et al., 2015 [36] Germany Retrospective 1 191 2 66 7.9 44 0.19 209
17 Kim et al., 2022 [37] USA Retrospective 1 301 3 67 6 45 0.14 5
18 De Vulder et al., 2022 [38] Belgium Prospective 1 203 3 69 6.8 49 0.16 NR
19 Winoker etal., 2020 [39] USA Prospective 1 168 3 68 79 49 0.16 NR
20 Wajswol etal., 2020 [40] USA Prospective 1 176 3 675 8.25 41 0.2 27.8
21 Hansen et al., 2017 [41] UK Prospective 3 807 2 65 6.5 42 0.15 23
22 Shoji et al., 2017 [42] Japan Prospective 1 250 1 68 6.7 34 0.19 NR
23 Kaufmann etal., 2021 [43] Switzerland Prospective 1 392 2 64 7 43 0.16 16
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Table 3. Cont.

Serie Author Country Study Design gentets [l:]atients Pop. i\:;an Age x;l:‘;SA zlce)an PV Mean PSAd :3;&'
24 Fulco et al., 2020 [44] Ttaly Retrospective 1 272 2 68 72 NR NR NR
25 Thaiss et al., 2021 [45] Germany Retrospective 1 563 1 66 98 45 0.21 NR
26 Kozel et al., 2022 [46] USA Prospective 1 200 3 67 7.89 52 0.15 NR
27 Dahl et al., 2022 [47] USA Retrospective 1 301 3 66 57 45 0.15 NR
28 Pepe et al., 2019 [45] Ttaly Prospective 1 B75 5 63 9.8 446 0.21 NR
29 Fletcher et al., 2023 [4Y] UK Prospective 2 9 3 67 7.9 43 0.16 NR
30 Kaneko et al., 2023 [50] USA Prospective 1 96 3 68 7.84 56 0.13 21
Pop: Population. PV: Prostate Volume. PSAd: Density of PSA (PV/PSA). DRE+: Pathologic Digital Rectal Exam. NR: Not Reported. *: compared the results between two platforms:
Biopsee/Uronav. Population 1: Biopsy Naive. Population 2: Biopsy Naive + Prior negative biopsy. Population 3: Biopsy Naive + Prior negative biopsy + AS. Population 4: Biopsy Naive
+ Prior negative biopsy + AS+ FT control + SBRT recurrence. Population 5: Prior negative biopsy.
Table 4. Robots and platforms used.
Serie  MRITesla  MRI type 52‘;?3‘5 %;:e Anesthesia  Approach Patient Position  Platform Used ﬁ‘?&‘:‘ Probe Manipulation ;?g:::et:ution
1 15 Biparametric v20 Surface Local TP Lithotomy Koelis Elastic Freehand Both
2 150030  Multiparametric  v2.0 Fndorectal  General P Lithotomy DRoborMonaLisa Elastic Robotic arm Radiologist
3 30 Multiparametric V2.0 Fndorectll  General P Lithotomy it Robotic arm Radiclogist
150r3.0 Both v2.0 Endorectal Local iy Lithotomy Esaote Rigid Frechand Urologist
1.50r 3.0 Both v2.0 Surface Local TP Lithotomy Koelis Elastic Steady pro arm Both
Encoders with
6 1.50r3.0 Multiparametric Likert NR General TP Lithotomy MIM-Symphony-DX Rigid brachytherapy NR
template
7 150r 3.0 Multiparametric v20 Endorectal Local TP Lithotomy Koelis Elastic Steady Pro arm Urologist
3.0 Multiparametric v2.0 NR General TP Lithotomy Biojet Rigid Robotic arm NR
9 3.0 Multiparametric ~ v2.0 Surface Spinal TP Lithotomy (RVS) system Hitachi  Rigid Hlectmmagrehe NR

tracking /Frechand
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Table 4. Cont.

- PIRADS Coil . . sie Fusion . ’ Prostate
Serie MRI Tesla MRI type Version Type Anesthesia Approach Patient Position Platform Used N Probe Manipulation Segmentation
10 3.0 Multiparametric ~ v2.0 Surface General e Lithotomy Biopsee /Uronav i/ Freehand NR
11 3.0 Multiparametric v2.0 Surface General /Spinal TP Lithotomy (RVS) system Hitachi Rigid :;I:Cclg:":am etie NR
12 3.0 Multiparametric v2.0 Surface General ™ Lithotomy is,R'Ob(.)t Mona Lisa Elastic Robotic arm Urologist

Urofusion
Encoders with
13 3.0 Multiparametric v20 Endorectal General 1) Lithotomy MIM-Symphony-DX Rigid brachytherapy Radiologist
template
14 1.50r 3.0 Multiparametric v10 Endorectal General TP Lithotomy Biopsee Rigid Frechand NR
15 3.0 Multiparametric  v2.0 Endorectal  General TP Lithotomy (RVS) System Hitachi  Rigid Rectimuigetc NR
? . tracking /Freehand
16 3.0 Multiparametric v2.0 Endorectal General TP Lithotomy Biopsee Rigid Freehand NR
2 3 i ¢ ;. - Electromagnetic
17 3.0 Multiparametric v2.0 Surface Local 12 Lithotomy Uronav Elastic tracking /Freehand NR
18 3.0 Multiparametric v2.0 Surface Local P Lithotomy Aplio 1800 Rigid Freehand Urologist
g A : ] . ) ) i Electromagnetic
19 150r 3.0 Multiparametric v20 Surface Local TP thhﬂmmy Uronav Elastic tracking /Freehand NR
; , ; ; . : . Electromagnetic ;
20 3.0 Multiparametric v2.0 Surface General P Lithotomy Uronav Elastic tracking /Freehand Urologist
Encoders with
21 3.0 Multiparametric v2.0 NR General TP Lithotomy Biopsee Rigid brachytherapy NR
template
22 3.0 Multiparametric v2.0 NR Spinal P Lithotomy Biojet Elastic Robotic arm Urologist
Encoders with
23 3.0 Multiparametric v2.0 Surface General TP Lithotomy Biopsee Rigid brachytherapy Urologist
template
24 15 Multiparametric v2.0 Endorectal Local /General TP Lithotomy Koelis Elastic Steady pro arm Urologist
25 3.0 Both v21 Surface NR P Lithotomy iSRiobotMonaLisa  pp) s Robotic arm NR
Urofusion
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Table 4. Cont.
Serie MRI Tesla MRI type 5?:33‘5 %‘:li;le Anesthesia Approach Patient Position Platform Used {du:ld(:n Probe Manipulation g:;?:et;uﬁon
26 3.0 Multiparametric v2.0 NR Local TP Lithotomy Uronav Elastic E:Ccl:ﬁ;ag;:azn 4 Urologist
27 3.0 Multiparametric v20 Surface Local TP Lithotomy Uronav Elastic Erlaeccl:!o\;ﬂg; I’l\fm d Urologist
28 3.0 Multiparametric  v2.0 NR Sedation TP Lithotomy GE logic Rigid Hectremagnetio NR
’ P ’ 4 5 5 tracking / Freehand
. ) . . Vector Biopsy: Biopsee - Electromagnetic .
29 1.50r 3.0 Multiparametric Likert Surface Local TP Lithotomy 4 VirtuTRAX EM Rigid tracking Urologist
30 3.0 Multiparametric ~ v2.0 NR Local P Lithotomy Koelis 3D Models Elastic ?‘“ Doublebreeband’ o
’ echnique
Endorectal Coil: whether endorectal coil was used or not when the MRI was performed. NR: Not Reported. Prostate Segmentation: who was the specialist who performed the
segmentation and planning of the prostate prior to the biopsy.
Table 5. Characteristics of the biopsies.
Number N°PIRADS1-2 N°PIRADS3  N°PIRADS4  N°PIRADS5 o Cores N\ NeTehlCis  acaslomm  MeanMCEL
p/Lesion Systematic Volume (mL) (mm)
1 53 74 137 137 4-5 10-12 NR NR 8
2 39 39 107 17 5.8 (mean) NR NR NR NR
3 NR 71 254 108 5 24.5 (mean) 34 NR NR
4 NR 599 657 144 24 10-12 15.3 (mean) 05 NR
5 22 97 142 115 -4 610 NR 0.9 9
6 NR 98 (L) *! 173 (D) * 140 (L) #! 1-6 16.3 NR NR 7
7 24 45 206 438 4-6 10-12 NR NR NR
8 20 17 27 36 24 12 NR NR NR
9 NR NR NR NR 4-6 12 18 NR NR
10 NR 367/310 *2 333/332 %2 139/124 *2 4/5% 24/25% 29/34 % NR NR
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Table 5. Cont.

Number N°PIRADS1-2 N°PIRADS3 N’ PIRADS4  N°PIRADS 5 zlgz? ?;sf;‘:;:ic N" Total Cores %‘;i“m[:’&‘:’:; x:‘")' -
11 NR NR NR NR 4 15 20 NR NR
12 NR 22 55 30 8.1 (mean) 20.2 (mean) NR NR 8
13 NR 99 78 25 9 24 33 NR NR
14 144 128 100 115 3 24 27 NR NR
15 13 31 36 21 42 12 16-18 NR NR
16 13 50 81 50 3 24 27 NR NR
17 NR 62 151 88 3-4 20 24 NR NR
18 NR 56 121 46 5 10 15 NR NR
19 NR 26 76 66 34 12 1618 NR NR
20 14 53 128 73 4-5 12 16-18 NR NR
21 236 153 418+ 4 20 24 NR NR
22 NR NR NR NR 24 12 16-18 NR NR
23 124 87 123 38 5 35 42 NR NR
24 NR 115 129 28 3-5 10 15 NR NR
25 29 95 324 115 4 14 18 3.2 NR
26 6 73 135 51 2-3 12 15 NR NR
27 NR 62 151 88 20 23 NR NR
28 NR NR NR NR 20 30 NR NR
29 2@+ 13 (L) 22 (L) ! 22 (L) ! 24 12 NR NR NR
30 27 17 25 27 2-4 12-14 NR NR NR

(L)*!: Likert score. ©: Gortz et al. [20] compared the results between two platforms: Biopsee/Uronav. **: The authors pooled the results obtained from PIRADS 4 and 5 lesions. NR: Not
Reported. MCCL: Maximum cancer core length.
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3.3. Significant Clinically Prostate Cancer Definition

CsPCa was defined in different ways by the authors: (i) ISUP-GG > 2 [21-253,25,27,
28,30-34,36,37,39-50], (ii) ISUP-GG > 2 or >3 positive cores with >50% of extension [24],
(iii) using the Epstein criteria [29], (iv) [ISUP-GG > 2 or Gleason 6 with MCCL (Maximum
cancer core length) > 4 mm [35,38], (v) Gleason > 4 + 3 or any grade with MCCL > 6 mm,
and (vi) Gleason > 3 + 4 or any ISUP-GG with MCCL > 4 mm [26]. Table 6 presents the
definition details.

Table 6. Results.

csPCa (%)  ¢sPCa (%) ¢sPCa (%) csPCa (%) csPCa (%)

Numibar::  csPCa Definition PG (K) esPCa(%)  gp PIRADS1-2  PIRADS3  PIRADS:  PIRADS5
1 ISUP = 2 & I 2 17 20 39 7
2 ISUP > 2 61 52 NR 76 256 72 88
3 ISUP > 2 5 15 17 NR 16 38 &5
4 0P > 2/>3 positive cores /250 0f 439 94 159 NR 154 462 739
5 ISUP > 2 o1 51 NR 18 20 60 81
Ahmed D1. Cleason > 4 +3 orany
6 grade > 6 mm. Ahmed D2. &5 198 08 NR 216(L)"! 471 (L) 842
Gleason = 3 + 4 or any grade = 4 mm,
7 S0P = 2 % ) 15 9 15 50 7
8 ISUP > 2 5 333 NR NR NR NR NR
9 Epstein criteria 5.5 033 14 NR NR NR NR
10 ISUP > 2 @2.5/595%  16/46% 9 NR NR NR NR
11 ISUP > 2 r 539 NR NR 31 502 808
2 ISUP > 2 512 07 105 NR 0 10 533
13 ISUP > 2 59 0 NR NR NR NR NR
14 ISUP > 2 51 ) 1 NR 195 32 704
15 - 205 248 NR NR NR NR NR
16 ISUP > 2 27 539 NR NR NR NR NR
17 ISUP =2 79.1 622 109 NR 33 62 72
18 I&C’Pcfj & Geeaniam 75 60.1 NR NR 32 66.1 8.1
19 ISUP = 2 7 59 NR NR 23 763 a5
» ISUP > 2 76.7 585 96 286 23 763 @5
21 ISUE > 2 68 » NR NR 307 7%
2 ISUP = 2 % 55 NR 0 68 19 80
3 ISUF 2 2 51 m NR NR 57 83 s
24 ISUP > 2 13 272 NR NR 6.09 34.1 s2.1
% ISUP = 2 5.9 511 29 NR 66 647 748
2% ISUP > 2 7 585 6 NR NR NR NR
7 ISUP = 2 7 91 221 NR NR NR NR
= ISUP > 2 345 25 NR NR NR NR NR
) ISUP = 2 929 771 NR NR 62 8 95
3 ISUP > 2 & I NR 37 & 714

csPea definition: Definition of clinically significant prostate cancer. PCa (%): Overall prostate cancer detection Rate.
sPCa (%): Clinically significant prostate cancer detection rate. csPCa (%) SB: Detection of clinically significant
prostate cancer only in systematic biopsy. esPCa (%) PIRADS: Detection of clinically significant cancer according
to the PIRADS score. (L)*': Likert score. *: Gortz et al. [30] compared the results between two platforms:
Biopsee/Uronav. ** The authors pooled the results obtained from PIRADS 4 and 5 lesions. NR: Not Reported.
MCCL: Maximum cancer core length.

3.4. Cancer Detection Rates (CDR)

Although the sample is heterogeneous due to the mentioned characteristics, the overall
CDR for all prostate cancers was 61.4%, while for csPCa it was 47.8%.
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The CDR of csPCa according to the PI-RADS category of lesions was 24.5% for PI-
RADS 3 lesions, 55.9% for PI-RADS 4, and 81.5% for PI-RADS 5.

The added value of systematic biopsy, defined as the diagnosis of csPCa only in
systematic biopsy, was reported in only 14 articles [21,23,24,26,27,29,30,32,34,37,40,45-47],
with a mean of 9.5%.

3.5. Cancer Detection according to Population and Software

To standardize our review, we grouped the prostate cancer detection results according
to the population studied and the software used. Table 7 (elastic) and Table 8 (rigid) present
the results.

Table 7. Population and elastic fusion.

N° of Populati Mean Age Mean PSA Mean PV Mean PCa csPCa
Patients PR (yr) (ng/mL) (co) PSAd (%) (%)
813 Biopsy Naive 67 825 395 02 589 53
993 Biopsy-Naive + Prior negative biopsy 66 89 434 02 53 414
2211 Biopsy-Naive + Prior negative biopsy + AS 67.3 71 475 0.15 732 54.9
Biopsy-Naive + Prior negative biopsy + & g
B AS+ FT control + SBRT recurrence. g L 2 b4z Bl 45
PV: Prostate volume. PSAd: Density of PSA (PV/PSA).
Table 8. Population and rigid fusion.
N° of Population Mean Age Mean PSA Mean PV Mean PCa csPCa
Patients P (yr) (ng/mL) (cc) PSAd (%) (%)
1463 Prior negative biopsy 65.9 9.86 47.5 02 42 287
gty PP el Plenceplive 65 73 168 0.16 578 436
s
z i : "
759 Biopsy-Naive + Prior negative 68 76 444 015 9.7 611

biopsy + AS

PV: Prostate volume. PSAd: Density of PSA (PV/PSA).

When we analyze our series according to the type of software used to perform the
biopsy, we observe that with elastic fusion robots a CDR of 64.8% is obtained for all prostate
cancers and for ¢sPCa, it is 50.3%. In contrast, with rigid fusion robots, the CDR for PCa
was 57.9% and for csPCa, it was 45 .4%. Comparing the same populations between elastic
and rigid software, we found that in the biopsy-naive and prior negative biopsy population,
the detection rate of global prostate cancer and csPCa with the elastic fusion biopsy was
53% and 41.4%, respectively, and with the rigid biopsy it was 57.8% and 43.6% respectively.
On the other hand, when comparing the biopsy-naive and prior negative biopsy and the
AS populations, the global CDRs and csPCa in the elastic biopsies were 73.2% and 54.9%,
respectively, and in the rigid biopsies, they were 69.7% and 61.1%, respectively.

4. Discussion

In 2009, Ahmed et al. argued that patients undergoing a TRUS guided biopsy were
at risk for a sub-diagnosis of clinical csPCa and an over-diagnosis of iPCa [51]. In 2017,
the PROMIS trial finally provided level 1 evidence to support the use of mpMRI before
prostate biopsy. This study showed that mpMRI had a reported sensitivity, specificity,
positive predictive value, and negative predictive value of 93% (95% CI 88-96), 41% (95%
CI36-46), 51% (95% CI 46-56) and 89% (95% CI 83-94), respectively. The comparison of
this data showed that the sensitivity of mpMRI was significantly better than transrectal
systematic biopsy: 93% (95% CI 88-96%) versus 48% (95% IC 42-55). The PROMIS trial also
showed that mpMRI could avoid 27% of unnecessary biopsies [52]. Following the PROMIS
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trial results, the PRECISION trial was conducted, which evaluated the role of MRI-guided
prostate biopsy in improving the detection of clinically significant prostate cancer. This
study showed a higher rate of detection of csPCa in the targeted biopsy group over the
systematic biopsy group (38% vs. 26%, respectively) [53].

Despite the findings of the PRECISION trial, the additional diagnostic yield of retain-
ing routine systematic prostate biopsy performed in conjunction with mpMRI-targeted
strategies remains a matter of debate [54]. Multicenter studies, such as MRI-FIRST trial,
4 M trial and PAIREDCAP trial, in which the role of systematic 12-core transrectal biopsy
and the MRI-targeted biopsies was evaluated, showed similar results in that the greatest
yield from biopsy is obtained when both types of biopsies are performed [54-57].

Petov et al. have recently published a meta-analysis which concluded that robotic
biopsy on targeted and systematic biopsy have comparable ¢sPCa and overall detection
rates [58]. In line with the results of these studies, the Cochrane systematic review makes
clear its position regarding the complementarity of systematic biopsies with targeted
biopsies via the transrectal route [15]. However, the complementarity of both types of
biopsies via the transperineal route is not yet established. Recently, Porpiglia et al. [59]
compared the detection rate of csPCa between targeted biopsy alone and targeted biopsy
complemented with systematic biopsy. The fusion biopsy was performed with an unusual
scheme in naive biopsy men with positive mpMRI. If the PIRADS 4-5 lesion was anterior,
a transperineal approach was used. If the PIRADS 4-5 lesion was posterior, a transrectal
approach was used. This trial was designed as a non-inferiority study and concluded that
fusion-targeted biopsy alone was not inferior than the fusion biopsy complemented with
systematic biopsy for the detection of csPCa.

The value of targeted fusion-biopsy is widely acknowledged as MRI-TRUS fusion-
biopsies detect more csPCa than the conventional 12-core TRUS systematic biopsies [51].
Among patients with MRI-visible prostate lesions, the addition of MRI-targeted biopsy to
systematic biopsy increased the detection of csPCa and led to a net decrease in the detection
of iPCa. Although many of these benefits resulted from MRI-targeted biopsy alone, omission
of systematic biopsy would have led to missing the diagnosis of 8.8% of csPCa [52]. In our
review, the detection of csP’Ca only in systematic biopsy was reported in 14 articles, which
is an average of 9.5%, ranging from 0.8% to 22.1%. This significant difference may be due
to multiple factors typical of the correct characterization of mpMRI, but also due to the
inexperience of the surgeon, generating imprecision when establishing suspicious lesions [60].

Regarding the biopsy approach route, since 2019, the European Association of Urology
(EAU) PCa guidelines recommend transperineal biopsy as the first option over transrectal
biopsies. Tewes et al. compared fusion-guided transrectal biopsies with the transperineal
route and found that the rate of targeted biopsy PCa detection rate was 39% via the
transrectal route and 75% via the transperineal route [61]. Pepe et al. reported that
the transperineal cognitive targeted biopsy detected a significantly higher percentage of
csPCa from the anterior area compared to the transrectal directed biopsy [62]. The recent
publication by Zattoni et al., reporting a multicenter study of 5241 fusion biopsies from
both access routes, concluded that target biopsies via the transperineal route improve the
detection of csPCa compared to targeted biopsies via the transrectal route, especially in the
apex, transition/central zone, and anterior zones [63].

In this context of precision medicine, for the most sophisticated and accurate detection
of csPCa, we have carried out, to our knowledge, the first systematic review that analyzes
the diagnostic effectiveness of the currently available software and robots for MRI-TRUS
fusion targeted biopsies through the transperineal route. This review showed that prostate
biopsies performed guided by the image fusion robots through the transperineal route ex-
hibits a higher detection rate of csPCa compared with the traditional systematic transrectal
prostate biopsy. All the devices analyzed in this systematic review are approved by the US
Food and Drug Administration (FDA) and the European Medicines Agency (EMA). Of all
the robots reported in this article, Artemis (Eigen, Inc.) is the only one that, to date, has
no articles evaluating its results via the transperineal approach. In this review, we found
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no differences between the robots used and the PCa detection rate. Differences between
devices mainly concern the registration algorithm (rigid vs. elastic), navigation strategy
(organ-based versus electromagnetic tracking), post biopsy needle position documentation
and use of articulating robotic arms. Venderink et al. [64] did not identify a significant
difference between rigid and elastic images for MRI-TRUS fusion-guided biopsy in ¢sPCa
detection. However, the review was carried out through series in which, for the most
part, the approach was transrectal. Gortz et al. [30] carried out the first comparative and
randomized study between two series of transperineal fusion biopsy performed with rigid
biopsy software and another with elastic biopsy. Their results concluded that transperineal
MRI/TRUS targeted biopsies directed with a rigid image registration system showed a
significantly higher PCa detection rate than elastic TB. We also observed this trend in our
analysis of the data, which was sorted based on the types of populations biopsied and the
type of biopsy used (rigid vs. elastic). Our findings revealed that transperineal rigid biopsy
led to a higher detection rate of clinically significant prostate cancer.

In the latest studies that have been reviewed in this article, there is evidence of a
tendency in most recent publications on prostate biopsies via image fusion to be not
only mainly transperineal but also to be conducted under local anesthesia, demonstrating
the feasibility of this technique with very good results. In addition, novel transperineal
biopsy techniques are being developed with existing software platforms to further improve
detection rates of csPca using local anesthesia via the transperineal route. Such is the case
of the recent publications by Fletcher et al. [49] with Vector Biopsy and by Kaneco et al. [50]
with the Double-Freehand Technique.

This review has some limitations. The populations analyzed are very heterogeneous.
To somewhat lessen the impact of this breadth of populations analyzed, a homogenization
was performed based on the population characteristics and through the rigid vs. elastic
software used. Additionally, the series analyzed are not free of bias. The collection of the
sample is not uniform, and the criteria for the interpretation of clinically significant prostate
cancer vary from one series to another. Not all series used the START criteria for their
structure. The experience of surgeons when performing biopsies was reported in a very
few series and has a notable impact on the interpretation of the images to be segmented, on
the manipulation of the robot, and on the degree of cognition for interpretation. Moreover,
the segmentation of the prostate is a step rarely reported in the series and we believe that
its correct performance is fundamental for the correct result of the biopsy.

5. Conclusions

This systematic review shows that the software analyzed for performing prostate
biopsies directed via transperineal image fusion constitutes an effective method for the
detection of csPCa. Targeted transperineal MRI-TRUS fusion prostate biopsies using a
rigid image registration system showed a higher csPCa detection rate than those using
elastic image registration. No diagnostic differences between the different types of robotic
systems currently available were observed. However, one spread robotic system has not
been analyzed. The complementarity of systematic biopsy has also been demonstrated in the
transperineal MRI-TRUS image fusion biopsies, regardless of the fusion prototype used.
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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 ¢sPCa in 5-ARI users.

Condusions The BCN-MRI PM has achieved successful validation in Catalonia and, notably, for the first time, in men
undergoing 5-ARI treatment.

Keywords Risk calculator - Predictive model - Significant prostate cancer - 5-alpha reductase inhibitor - Validation

Introduction

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 Furopean Randomised Screen-
ing Prostate Cancer (ERSPC) ftrial 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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follow-up [2]. Fifteen years later a higher than 20% decrease
in specific PCa mortality remains based on the early detec-
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 1o 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 (1iPCa) 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 [S]. 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
5-alpha reductase inhibitors (5-ARIT) 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 extemal 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]. Itis known the effect of S-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 trecatment, 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 2212 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

@ Springer

one year. Twelve men undergoing 5-ARI treatment less than
one year were previously excluded for the smdy.

Diagnostic pathway of csPCa

SPCa early 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 Instiruto de Salut Carlos IIT and the European
Union (PI12020/01666). 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-
5ART 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 1n 20.5%. to 4
in 43.2%, and to 5 in 21.0%, compared 10 12.5%, 16.7%,

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

Characteristic Overall population 5-ARI naive 5-ART 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. 11 (%) 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), ce 53 (39-75) 53 (38-74) 69 (49-97) <0.001
PSA density, ng/ml/ce 0.14(0.09-0.13) 0.14 (0.09-0.22) 0.12 (0.08-0.21) 0.025
3.0 Tesla mpMRI, 0 (%) 1,549 (70.0) 1,471 (703) 78 (65.0) 0216
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)

s 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
S-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%) 5ARI 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 modelin
5-ARI naive men and 5-ARI 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 ¢sPCa 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-ARl 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-ART 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 biopsics 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 S-ARI treatment, and stablishing
PCa suspicion based on a confirmed increase of serum PSA
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(A-C) and in those receiving 5-ARI treatnent (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.
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ABSTRACT ARTICLE INFO

Purpose: To validate the Barcelona magnetic resonance imaging predictive model (BCN-MRI (1) Juan Morote Robles

PM) in men with pre-biopsy multiparametric MAI (mpMRI) reported with the Prostate Imaging  https://orcid.org/0000-0002-2168-323X
Reporting and Data System (PI-RADS) v21, followed by transrectal and transperineal prostate

biopsies. Keywords:

Materials and Methods: Prospective analysis of 3,264 men with PSA >30 ng/mL and/or  Prostatic Neoplasms;
abnormal digital rectal examination who were referred to ten participant centers inthe csPCa Magnetic Resonance Imaging;
early detection program of Catalonia (Spain), between 2021 and 2023. MpMRI was reported ~ Diagnosis

with the PI-RADS v21, and 2- to 4-core MRI-transrectal ultrasound (TRUS) fusion-targeted

biopsy of suspected lesions and/or 12-core systematic biopsy were conducted. 2,295 (70.3%)  Int Braz J Urol. 2024; 50: 595-604
individuals were referred to six centers for transrectal prostate biopsies, while 969 (39.7%) were

referred to four centers for transperineal prostate biopsies. CsPCa was classified wheneverthe ~ Submitted for publication:
International Society of Urologic Pathology grade group was 2 or higher. January 12, 2024

Results: CsPCa was detected in 41% of transrectal prostate biopsies and in 459% of

transperineal prostate biopsies (p <0.016). Both BCN-MRI PM calibration curves were within

the ideal correlation between predicted and observed csPCa. Areas under the curve and  Accepted after revision:

95% confidence intervals were 0.847 (0.830-0.857) and 0.830 (0.823-0.855), respectively (p =  July 07, 2024

0.346). Specificities corresponding to 95% sensitivity were 376 and 36.8%, respectively (p =

0.387). The Net benefit of the BCN-MRI PM was similar with both biopsy methods.

Conclusions: The BCN-MRI PM has been successfully validated when mpMRI was reported ~ Published as Ahead of Print:
with the PI-RADS v21 and prostate biopsies were conducted via the transrectal and  July 20,2024

transperineal route.
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INTRODUCTION

Risk-stratified prostate cancer (PCa) screening,
based on serum prostate-specific antigen (PSA) and
magnetic resonance imaging (MRI), is currently recom-
mended by the European Union (1). The new paradigm
for PCa screening is focused on the early detection of
clinically significant PCa (csPCa) (2). This paradigm
change is based on evidence reported by the European
Randomized Screening Prostate Cancer study in 2009.
In this randomized trial, the hazard ratio for cause-spe-
cific death in the screening arm, and its 95% confidence
interval, as compared with the control arm, reached a
significance of 0.80 (0.65 to 0.98) at 8.8 years of follow
up (3). This significant reduction of PCa-specific mortal-
ity has been maintained after 22 years of follow up in
the Goteborg Randomized Population-Based Prostate
Cancer Screening Trial (4). The European Association
of Urology currently proposes the use of risk-stratified
pathways, based on predictive models, for improving
csPCa screening by reducing the demand for MRI ex-
ams, maximizing the detection of csPCa, and decreas-
ing unnecessary prostate biopsies and over-detection
of insignificant PCa (iPCa) (5, 6).

The Barcelona-MRI predictive model (BCN-MRI
PM) for individualizing the risk of csPCa detection in
prostate biopsies was developed due to the absence of
csPCa risk calculators using the Prostate Imaging Re-
porting and Data System (PI-RADS) v2.0, and six other
independent clinical predictive variables without range
limitations, namely: age (years), PCa family history (no
vs. yes), type of prostate biopsy (initial vs. repeated), se-
rum PSA (ng/mL), digital rectal examination (DRE: nor-
mal vs. suspicious), MRI-derived prostate volume (mL),
and PI-BADS score from 1to 5 (7). The BCN-MR| PM de-
velopment cohort included 1,486 men, with serum PSA
>3.0 ng/mL and/or suspicious DRE, who underwent
pre-biopsy multiparametric MRI (mpMRI) reported with
PI-RADS v.2.0, followed by 2- to 4-core MRI-transrectal
ultrasound (TRUS) fusion-targeted biopsy of PI-RADS
>3 lesions and 12-core systematic biopsy, but only a 12-
core systematic biopsy in those negative MRI (PI-RADS

N OF THE BARCELONA-MR| PRED

Compendio de publicaciones

1 or 2), This development cohort was prospectively re-
cruited in a single academic institution between 2016
and 2019. Additionally, an extemal validation was con-
ducted in 946 men, who underwent the same PCa sus-
picion criteria and diagnostic approach as those in the
development cohort, in two centers from the Barcelona
metropolitan area within the same period (8). The BCN-
MRI risk calculator was designed for the easy and quick
assessment of individual risk of csPCa, with the novelty
of selecting the appropriate threshold for prostate bi-
opsy decision, free available without cost at the https://
mripcaprediction.shinyapps.io/MRIP CaPrediction/ (ac-
cessed on March 29, 2024). The BCN-MRI PM has been
compared with the prestigious Rotterdam-MRI PM in a
head-to-head analysis conducted in the external valida-
tion cohort. A better overall performance of the BCN-
MRI PM was observed, especially in men with PI-RADS
of 3 and 4. Additionally, it was observed that 22% of men
included in this analysis presented age, serum PSA, or
prostate volume out of the range accepted by the Rot-
terdam-MRiI risk calculator (9).

Current predictive models require validation
in populations where they are intended to be applied,
even if the event of changes in the characteristics of the
population from which the development cohort came or
changes in the diagnostic procedure. These validations
are necessary to ensure the ongoing accuracy of indi-
vidual predictions (10).

Two relevant changes have recently been in-
corporated into the early diagnostic approach to csPCa.
First, the PI-RADS v21 is currently followed for reporting
MRI findings, and second, transperineal route for pros-
tate biopsies is suggested for avoiding the infectious
complications of prostate biopsies (11, 12). We hypoth-
esise the BCN-MRI predictive model will be successfully
validated in when PI-RADS v21 is employed for report-
ing pre-biopsy MRI, and prostate biopsies conducted
even by transrectal and transperineal route. The pres-
ent study aims to validate the BCN-MRI PM in a csPCa
opportunistic screening program where the diagnostic
approach employed the PI-RADS v2.1 for reporting MRI,
and transperineal or transrectal prostate biopsies.
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MATERIAL AND METHODS

Design, setting, and participants

This is a prospective study conducted in 3,264
men with the inclusion criteria of (i) suspicion of PCa
based on serum PSA of >3.0 ng/mL and/or suspicious
DRE, (ii) pre-biopsy mpMRI reported with PI-RADS v2.1,
and (iii) prostate biopsy following the scheme of 2- to
4-core MRI-transrectal ultrasound (TRUS) fusion-tar-
geted biopsies and 12-core systematic biopsy in men
with PI-RADS 2 3, but only a 12-core systematic biopsy
in those with PI-RADS <3. This trial was conducted in
ten centers participating in the csPCa early detection
program of Catalonia (Spain), a region with 79 million
inhabitants, between January 1, 2020, and June 30, 2023.
Reported cases were consecutive in each participant
center. A subset of 2,295 men (70.3%) underwent pros-
tate biopsy in six participant centers where transrectal
prostate biopsy was exclusively employed, while 969
(297%) underwent biopsies in three other centers ex-
clusively employing transperineal biopsies. The exclu-
sion criteria were men with previous diagnosis of PCa,
multifocal high-grade prostatic intraepithelial neoplasia,
and atypical small acinar proliferation. Men recruited
in one participant center where transperineal prostate
biopsies followed a mapping scheme for targeted biop-
sies were not included in this analysis. This project was
approved by the ethics committee of the coordinating
center (PRAG02/2020), with participants signing an in-
formed consent.

CsPCa suspicion and diagnostic approach

PCa suspicion was based mostly on a serum
PSA >3.0 ng/mL, while 95 men (2.9%) exhibited a suspi-
cious DRE with a serum PSA of 3.0 or lower. Men sus-
pected of having PCa were referred to the nearest par-
ticipating center of the csPCa early detection program.
MpMRI was conducted at each participant center using
a 15 or 3 Tesla scan with a pelvic phased-array surface
coil. The acquisition protocol included T2-weighted im-
aging (T2W), diffusion-weighted imaging (DWI), and
dynamic contrast-enhanced (DCE) imaging, according
to the guidelines of the European Society of Urogenital
Radiology (13). MpMRI exams were reeded by local ex-

Compendio de publicaciones

DICTIVE MODEL WHEN PI-RADS

pert radiologists reporting with the PI-RADS v2.1 (11). All
prostate biopsies were performed using freehand tech-
nique and software MRI-TRUS fusion image for targeted
biopsies in 42.8%, while cognitive fusion was employed
in 678%. Uropathologists examined the biopsy material
in each pathology department and reported PCa using
the International Society of Urologic Pathology grade
group (GG) classification. CsPCa was considered when
the GG was 2 or higher (14).

Statistical Analysis

Statistical analysis was conducted after har-
monization of anonymized datasets. The data were
prospectively collected and reported according to the
Standards of Reporting for MRI-targeted Biopsy Studies
(START) to describe the study population (15). Quanti-
tative variables are described using medians and inter-
quartile ranges (25th-75th percentiles), while qualitative
variables are described using numbers and percent-
ages. Quantitative variables were compared between
groups using the Mann-Whitney U test. Qualitative vari-
ables were compared between groups using Pearson's
chi-square test. Relative risk (RR) of csPCa and 95%
confidence intervals (Cl) were assessed. Calibration of
the BCN-MRI PM was conducted for both prostate bi-
opsy routes. Discrimination of csPCa from the BCN-MRI
PM in each prostate biopsy group was analyzed with
receiver operating characteristic (ROC) curves, and the
areas under the curve (AUC) were compared with the
Delong test. Specificities corresponding to selected
sensitivities with clinical interest were compared and
avoided prostate biopsies and loss of csPCa estimated.
Net benefit of the BCN-MRI PM over biopsy all men was
evaluated through decision curve analysis (DCAs). A p
value of <005 was considered statistically significant.
The data were analyzed using the Statistical Package for
the Social Sciences (version 23.0; IBM Corp, Armonk,
NY, USA).

RESULTS

Baseline characteristics of both subsets of men
who underwent transrectal or transperineal route for
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prostate biopsy are summarized in Table-1. We note that
baseline characteristics were similar in both subsets.
The median interval from MRI exam to prostate biopsy
was 27 days. However, csPCa was detected in 940 men
(41%) who underwent transrectal prostate biopsy, and
in 445 men (45.9%) who underwent transperineal pros-
tate biopsy (p =0.016). The rates of iPCa detection were
16.3% and 17.4%, respectively (p =0.441).

Calibration of the BCN-MRI PM in both sub-
sets was very good. Similar calibration curves between
predicted risks and observed csPCa cases in transrec-
tal and transperineal prostate biopsies were observed.
Both calibration curves showed a small over-estimation
in lowest predictive probabilities of csPCa and minimal
under-estimation in the higher predictive probabilities
of csPCa, but both were near the ideal correlation line,
Figure-1 A-B.

LONA-MR
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ROC curves showed AUC (95% confidence in-
tervals) of 0.847 (0.830-0.863) and 0.830 (0.804-0.855),
in prostate biopsies conducted through transrectal
and transperineal routes, respectively, (p =0.346), Fig-
ure-2 A-B. Specificities corresponding to 100%, 97.5%,
and 95% sensitivity of the BCN-MRI PM and thresholds
were analyzed. The specificity corresponding to 100%
sensitivity was 1.3 and 1.8%, from the threshold of 0.36%
for transrectal biopsies and 0.49% for transperineal bi-
opsies, p = 0438 The specificities corresponding to
97.5% sensitivity were 23.7 and 22.6%, from the thresh-
old of 511% and 8.58% for transrectal and transperineal
prostate biopsies respectively, p = 0395. Regarding the
sensitivity of 95%, the specificities of the BCN-MRI-PM
corresponded to 376 and 36.8%, from the threshold of
9.80 and 16.2% for transrectal and transperineal prostate
biopsies respectively, p = 0387. We note that thresholds

Table 1 - Characteristics of the study cohort according to the utilized prostate biopsy route.

Characteristic Route of prostate biopsy p Value
Transrectal Transperineal
Number of men, n (%) 2,295 (70.3) 969 (29.7)
Median age, years (IQR) 68 (62-73) 68 (62-74) 0.556
Median serum PSA, ng/mL (IQR) 71(5.2-11) 74 (54-107) 0294
Abnormal DRE, n (%) 132 (25.7) 68 (26.0) 0214
Median prostate volume, mL (IQR) 55 (40-79) 54(39-76) 0178
Prior negative prostate biopsy, n (%) 690 (30) 273 (281) 0.294
Family history of PCa, n (%) 121(5.3%) 67 (6.9) 0.231
PI-RADS, n (%)
12 230 (10.0) 83(86) 0.427
3 565 (24.6) 200 (20.6) 0235
4 987 (43.0) 459 (474) 0189
5 513 (22.4) 227 (23.4) 0.201
Overall PCadetection, n (%) 1,315 (57.3) 651(67.2) 0.001
csPCa, n (%) 940 (41.0) 445 (45.9) 0.016
iPCa, n (%) 375 (16.3) 169 (17.2) 044

IQR = interquartile range; n = number; PI-RADS = prostate imaging-reporting and data system; PCa = prostate cancer; csPCa = clinically

significant PCa; iPCa = insignificant PCa.
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Figure 1 - Calibration curves of the BCN-MRI PM in transrectal prostate biopsies (A) and transperineal prostate
biopsies (B).
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Figure 2 - Discrimination ability of the BCN-MRI PM for csPCa detection in transrectal prostate biopsies (A)
and transperineal prostate biopsies (B
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of the BCN-MRI PM were higher when the transperine-
al route was used. The avoided prostate biopsies with
100% sensitivity of the BCN-MRI PM were 17 (0.7%) for
transrectal biopsies and 9 (0.9%) for transperineal biop-
sies (p =0.438). For csPCa 97.5% sensttivity, they were
344 (15%) and 112 (12.6%), respectively, (p =0.395). For
csPCa 95% sensitivity, they were 557 (24.3%) and 229
(22.6%), respectively, (p =0.387).

DCAs showed a similar net benefit of the BCN-
MRI PM over biopsying all men with both prostate biopsy
routes beginning at lower than 10% and 15% threshold
probabilities of csPCa for transrectal and transperineal
prostate biopsies, respectively, Figure-3 A-B.

DISCUSSION

The BCN-MRI PM is based on PI-RADS score
and some clinical variables that resulted independent for
csPCa prediction in prostate biopsies. PSA density was
the most weighed independent predictor after MRI (16,
17), that was expressed as serum PSA and MRI derived
from prostate volume to avoid the manual calculation of
PSA density. The BCN-MRI PM has been satisfactorily
validated in men suspected of having PCa undergoing
pre-biopsy mpMRI reported with the PI-RADS v2.1, and
those undergoing prostate biopsies conducted via the
transrectal and transperineal routes. This is important,

Compendio de publicaciones

since the BCN-MRI PM has been developed and vali-
dated using the PI-RADS v2.0 and transrectal biopsies.
This successful validation guaranties the accuracy of the
BCN-MRI PM predictions when PI-RADS v2.1 and tran-
srectal biopsies are employed. The scheme of prostate
biopsy conducted in this external validation study has
been the same employed in the development cohort of
the BCN-MRI PM, which obtained 2- to 4-core MRI-TRUS
fusion-targeted biopsies of PI-RADS lesions 2 3 and/or
12-core systematic biopsy when the PI-RADS was <3,
although some current reports suggest that systematic
biopsies can be reduced (18), even to biopsy only the
index lesion using a mapping scheme (19). This exter-
nal validation has been successful despite the improved
csPCa detection observed when the transperineal route
is employed to conduct prostate biopsies. We noted
that transperineal prostate biopsies detected 45.9% of
csPCa while 41.7% when transrectal route was used.
This finding has been previously reported, especially
in anterior and apical suspicious lesions (20, 21). Simi-
lar differences in csPCa detection rates were observed
in the first external validation conducted in the Barce-
lona metropolitan area, due to differences between the
baseline characteristics of the development and vali-
dation cohorts, showing the good performance of the
BCN-MRI PM (8). The risk threshold for predicting the
same sensitivity for csPCa detection was higher in men

Figure 3 - Net benefit of BCN-MRI PM application over biopsying all men through transrectal route (A) and

transperineal route (B).
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who underwent transperineal prostate biopsies than in
those who underwent the transrectal route. The novelty
of selecting the appropriate threshold in the BCN-MRI
risk calculator to select candidates for prostate biopsy is
thus very useful when csPCa individualized predictions
are assessed against each prostate biopsy route (8).

External validations of predictive models are
necessary before employing them in new populations
with different characteristics than those observed in the
development cohort, and are frequently needed to per-
form recalibrations or adjustments of the thresholds for
assessing accurate predictions (22-26). Validations are
also necessary when changes in diagnostic approach
occur in the same population where the predictive mod-
el was developed or in the outcome variables (27).

The European Association of Urology currently
suggests the design of risk-stratified pathways using
predictive models with the objective of reducing the
demand for MRI exams and selecting more appropriate
candidates for prostate biopsy, while also reducing the
over-detection of iPCa. This is the next step in improving
the current diagnostic approach for the early detection
of csPCa (28). This was the reason for developing and
validating the currently named BCN-predictive model 1,
which is applied before the MRI exam, using the age,
PCa family history, type of prostate biopsy (initial vs. re-
peated), DRE (normal vs. suspicious), and DRE-prostate
volume category (29). Incorporation of DRE-prostate
volume category was due to the importance of pros-
tate volume as a csPCa predictive variable, since TRUS
is not currently used with only this aim (30). The corre-
sponding BCN-risk-calculator 1 is available at the same
website as the BCN-MRI risk calculator, now named the
BCN-risk calculator 2. Using both BCN-risk calculators,
after an initial stratification based on the serum PSA
level and DRE characteristic (31), we have designed a
risk-organized pathway reducing MRI exams and pros-
tate biopsies by more than a quarter with lower loss
of csPCa than the currently recommended strategy of
avoiding prostate biopsies in men with PI-RADS <3 (32-
34). This risk-organized pathway is more efficient than
that propased by Remmers et al, based on sequential
application of the Rotterdam-risk calculator 3, and the
Rotterdam-MRI risk calculator (35).

601
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Limitations of our validation study include the
use of a csPCa definition in prostate biopsies which
frequently results in upgrades when the entire prostate
gland is analyzed. Multicentricity of the study could
produce some lack of homogeneity between both se-
ries, and probably differences in quality of MRI exams
(36). Additionally, inherent limitations to the predictive
models developed with the binary logistic regression
algorithm exist. The BCN-MRI PM, developed from a bi-
nary logistic regression, reflects the probability of csPCa
based on the specific cohort characteristics and diag-
nostic approach at the time of its development. Changes
arising in the same development population as in others
where the predictive model will be applied need valida-
tions, justifying future recalibrations and adjustments of
risk thresholds to ensure accurate predictions.

The real-time updating of classically devel-
oped predictive models is a current challenge (37).
Dynamic training of predictive models developed
with machine learning algorithms, in the setting of
federated networks, has the potential to result in
continuous validated risk calculators at each partner
site, ensuring accurate and lasting predictions across
multiple locations (38).

CONCLUSIONS

The BCN-MRI PM has been successfully validat-
ed in men suspected of having PCa who undergo MRI
exams reported with PI-RADS v21, and transperineal
prostate biopsies. This study examined data from the
csPCa early detection program of Catalonia, a region of
7.9 million inhabitants.
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Simple Summary: The validation of predictive models is essential for informing clinical
decisions, particularly in new individual populations or as diagnostic methods advance.
This study evaluates the performance of the Barcelona-MRI predictive model (BCN-MRI
PM) for identifying significant prostate cancer (sPCa) within the context of an advanced
prostate biopsy protocol. In a cohort of 457 men suspected of having PCa, the model
demonstrated high accuracy and clinical applicability, reducing unnece-ssary biopsies
by 24.9% while maintaining a 95% detection rate for sPCa. These results validate the
efficacy of the BCN-MRI PM and support its readiness for clinical implementation in this
diagnostic framework.

Abstract: Background/Objectives: Validation of predictive models (PMs) is crucial to be
implemented in new populations or when advances in diagnostic approaches occurred.
The aim of this study is to validate the BCN-MRI PM for sPCa when a highly effective
prostate biopsy protocol is used. Methods: A prospective cohort of 457 men suspected of
having PCa, for whom MRI results were reported with the Prostate Imaging-Reporting and
Data System (PI-RADS) v 2.1, underwent a per 0.5 mm-core mapping targeted biopsy of
suspicious lesions and perilesional areas, followed by a 12-core-systematic biopsy. These
procedures took place between 1 February 2022, and 29 February 2024, at a reference center
for prostate biopsy. The individual likelihood of sPCa was assessed through the BCN-MRI
risk calculator. Results: The overall sPCa detection rate was 58.3%. The calibration curve
of the BCN-MRI PM showed an appropriate accuracy between expected and observed
probabilities with a discrimination ability for sPCa yielding an area under the curve (AUC)
of 0.862 (95% C10.828-0.896) comparable to the AUC of (1.858 (95% CI 0.833-0.883) observed
in the development cohort. The application of the BCN-MRI PM provided a net benefit over
performing biopsies on all men, avoiding 24.9% of prostate biopsies at 95% sensitivity for
sPCa, compared to the 23.7% reduction observed in the development cohort. Conclusions:
We conclude that the BCN-MRI PM is ready to be implemented when this biopsy protocol

is employed.

Cancers 2025, 17,473
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1. Introduction

Prostate cancer (PCa) is the most common malignancy in men and the third leading
cause of cancer-specific death worldwide [1]. The European Randomized Screening for
Prostate Cancer (ERSPC) trial reported a 20% reduction in PCa-specific mortality among
men who underwent screening compatred to those in the control arm after seven years of
follow-up [2]. Fifteen years later, this reduction has surpassed up to 29%, attributed to the
early detection and treatment of significant prostate cancer (sPCa) [3]. Consequently, the
focus of early detection of PCa has shifted towards sPCa. This shift has been facilitated
by the widespread of prostate-magnetic resonance imaging (MRI), which is now used to
select candidates for prostate biopsy and to perform targeted biopsies of suspicious lesions
identified through MRI [4]. Despite these advancements, challenges remain, including
excessive unnecessary prostate biopsies and the overdetection of insignificant tumors.
Current predictive models, based on the Prostate Imaging Reporting and Data System
(PI-RADS) and clinical variables, have become essential tools to improve the diagnostic
efficiency for sPCa [5]. Since uncertain scenarios remain after the widespread use of MRI,
the European Association of Urology recommends the use of risk-stratified pathways for
sPCa screening, employing predictive models to guide clinical decision-making [6].

The Barcelona MRI-predictive model (BCN-MRI PM) was developed to assess individ-
ual probabilities of sP’Ca in 1486 men with suspected ’Ca, excluding those with previous
PCa detection, and 5-alpha reductase inhibitors (5-ARI) treatment of symptomatic benign
prostatic hyperplasia due to the known modifications of serum PSA levels [7]. All men
underwent pre-biopsy multiparametric MRT (mpMRI) reported with the Prostate Imaging-
Reporting and Data System (PI-RADS) v 2.0 followed by a 2- to 4-core targeted biopsy
of suspicious lesions and/or 12-core systematic biopsies via transrectal route, conducted
between 1 January 2016 and 31 December 2019, at one academic institution [8,9]. The
predictive variables for sPCa included in this model were age (years), PCa family history
(no vs. yes), type of prostate biopsy (initial vs. repeated), serum PSA level (ng/mL),
digital rectal examination (normal vs. suspicious), MRI-based prostate volume (mL), and
PI-RADS score (1 to 5). A risk calculator was designed being available at the web site
https:/ /mripcaprediction.shinyapps.io /MRIPCaPrediction/. The model development was
conducted at a single academic institution, and a subsequent initial external validation was
conducted in a cohort of 946 men suspected of having PCa who followed the same diagnos-
tic approach employed in the development cohort at two institutions in the me-tropolitan
area of Barcelona [10]. The BCN-MRI was the first predictive model for sP’Ca including the
PI-RADS score v 2.0, having no limitation on age, serum PSA level, or prostate volume.
The BCN-MRI PM was evaluated for each PI-RADS score, along with the risk calculator
incorporating the selection of an appropriate threshold [10,11]. The BCN-MRI PM exhibited
higher clinical utility than the prestigious Rotterdam MRIPM in the external validation
cohort [12].

Validation of predictive models is critical before their implementation in new popula-
tions or when significant changes in the diagnostic approach are introduced to ensure that
predictions accurately reflect the true risk of the event occurring [13,14].

Our aim is to validate the BCN-MRI PM in a cohort of men suspected of having PCa,
for whom MRI results were assessed with the PI-RADS v 2.1 score, and prostate biopsies
were performed using a mapping per 0.5 mm-core targeted biopsy of suspicious lesions
and perilesional areas, followed by a 12-core systematic biopsy protocol.
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2. Materials and Methods
2.1. Design, Participants, and Setting

A prospective study was conducted involving 457 men suspected of having PCa who
were referred for prostate biopsy to the Creu Blanca reference center in Barcelona, Spain,
between 1 February 2022, and 29 February 2024. This study received the approval from the
ethics committee of Vall d’Hebron Hospital (PRAG-02/2021).

2.2. Diagnostic Approach for sPCa Detection in Prostate Biopsies

Men suspected of having PCa were initially identified based on a serum PSA excee-
ding 3.0 ng/mL and/or a suspicious DRE. These individuals underwent external mul-
tiparametric MRI (mpMRI) with those exhibiting a PI-RADS score of 3 to 5 referred for
transperineal prostate biopsy at Creu Blanca reference center. Additionally, some men with
a PI-RADS 2 and a high risk of PCa were also referred for biopsy.

Biparametric MRI (bMRI) was performed at Creu Blanca to segment suspicious
lesions using a Siemens Verio™ 3 Tesla MRI scanner (Siemens Healthcare, Erlan-
gen, Germany) equipped with a pelvic-phased array coil. The imaging protocol in-
cluded T2-weighted transverse sections, along with coronal and sagittal T2-weighted
sequences (both 2D and 3D). Diffusion-weighted imaging was acquired with b-values of
1600, 2000, and 3000 s/mm?, complemented by apparent diffusion coefficient mapping. An
expert uro-radiologist with 15 years of experience and an annual interpretation volume
of more than 1000 MRlIs, reclassified external mpMRI lesions following the PI-RADS v2.1
criteria [15]. The ProFuse™ system (Eigen, Grass Valley, California, USA) was employed for
semi-automatic segmentation of up to three suspicious lesions that satisfied the European
Society of Urogenital Radiology standards [16]. Men whose lesions were reclassified to a
PI-RADS score of 2 underwent the same biopsy protocol as those with both targeted and
systematic biopsies. External mpMRIs were deemed diagnostically adequate, with Prostate
Imaging Quality scores of 3 or higher [17,18].

The prostate biopsies were performed via transperineal route under general anesthesia
by experienced urologists. Targeted biopsies were obtained every (.5 mm from suspicious
lesions and perilesional areas, followed by a 12-core systematic biopsy using the Artemis™
robotic arm system (Eigen, Gars Valey, CA, USA) and the Aloka Noblus™ ultrasound
system (Hitachi, Wilton, CT, USA).

The diagnosis of sPCa was established by an experienced uro-pathologist when the
International Society of Urologic Pathology (ISUP) grade group was 2 or higher [19,20].

2.3. Assessment of Individual sPCa Likelihood
The endpoint variable of the study was the individual likelihood of sPCa, which

was prospectively assessed with the BCN-MRI risk calculator, accessible at the web site
https:/ /mripcaprediction.shinyapps.io/MRIPCaPrediction/. The predictive variables in
the BCN-MRI risk calculator include age (in years), first-degree family history of PCa
(no vs. yes), type of biopsy (initial vs. repeated), serum PSA level (ng/mL), DRE status
(normal vs. suspicious), MRI-based prostate volume (mL), and PI-RADS v2.1 scores
(from 1to 5).

2.4. Statistical Analysis

Quantitative variables were described as medians with interquartile ranges (IQR),
while qualitative variables were expressed as percentages. Descriptive variables were
compared with the Mann-Whitney U test and the Chi-square test. Calibration of the
predictive model was assessed. Discrimination power of the BCN-MRI PM was determined
using the receiver operating characteristic (ROC) curve and the area under the curve (AUC).
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The net benefit of using the BCN-MRI PM for identifying prostate biopsy candidates was
compared to biopsying all men through decision curve analysis (DCA). The clinical utility
of the model was determined using the clinical utility curves (CUC), which explored the
potential rates of missed sPCa detection and the avoidable prostate biopsies. Specificities at
sensitivity threshold of 100%, 97.5%, 95%, 92.5%, and 90% were analyzed. The efficacies
analyzed with the Youden index, and clinically the rates of saved prostate biopsies and
undetected sPCa were analyzed. Transparent reporting of a multivariable prediction model
for individual prognosis or diagnosis (TRIPOD) statements were followed [21]. Statistical
analyses were computed using R programming language v4.0.3 (The R Foundation for
Statistical Computing, Vienna, Austria) and SPSS v.24 (IBM, statistical package for social
sciences, San Francisco, CA, USA).

3. Results
3.1. Characteristics of the Validation Cohort

The most relevant characteristics of the validation cohort, consisting of 457 men
suspected of having PCa, are presented in Table 1. The age of participants ranged from
32 to 88 years, with 151 being older than 70 (33%) and 3 (0.6%) younger than 45. Serum
PSA levels were below 3.0 ng/mL in one case (2.8 ng/mL) and above 10 ng/mL in 82 cases
(17.9%). The MRI-derived prostate volume was up to 50 mL in 260 men (56.9%), between
51 and 100 mL in 152 cases (33.7%), and above 100 mL in 45 (9.8%).

Table 1. Characteristics of the validation cohort.

Characteristic Measure
Number of men 457
Median age, years (IQR) 67 (56-72)
Median serum PSA, ng/mL (IQR) 6.0 (4.8-9.0)
Suspicious DRE, 1 (%) 61 (13.3)
PCa family history, 1 (%) 80(17.5)
Repeated prostate biopsies, 1 (%) 107 (234)
Median prostate volume, ml (IQR) 47 (34-63)
PI-RADS score 2, 11 (%) 73 (16.0)
PI-RADS score 3, 11 (%) 106 (23.2)
PI-RADS score 4, 1 (%) 175 (38.3)
PI-RADS score 5, 11 (%) 103 (22.5)
Significant PCa detection, 1 (%) 267 (58.4)

IRQ: 2575 percentiles; n: number; PSA: prostate-specific antigen; DRE: digital rectal examination; PCa: prostate
cancer; PI-RADS: prostate imaging-reporting and data system.

There was one suspicious lesion in 360 cases (78.8%), two lesions in 93 (20.4%) and
three lesions in four cases (0.9%). The median size of the index lesion was 12 mm (IQR 4-44).
In 298 cases (65.2%), the index lesion was in the peripheral zone of the prostate gland; in
148 cases (32.4%), it was in the central /transitional zone; and in 11 cases (2.4%), it was in
the fibromuscular anterior zone. The median overall number of core-obtention per case
was 21 (IQR 19-24) ranging from 14 to 35. The overall detection rate of sPCa was 58.4%,
and those according to the PI-RADS category of the index lesion were 2.7% in PI-RADS 2,
33% in PI-RADS 3, 80% in PFI-RADS 4, and 87.4% in PI-RADS 5.

3.2. Calibration of the BCN-MRI PM in the Validation Cohort

Calibration of the BCN-MRI PM in this validation cohort of 457 men suspected of
having PCa, in whom 267 sPCa (58.4%) were detected, is presented in Figure 1. The
calibration curve closely aligns with the ideal curve, with a slight over detection of sPCa at
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the median threshold points. Calibration curves obtained in the development cohort of the
BCN-MRI PM (B), and the initial external validation cohort (C) are also shown.
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Figure 1. Calibration curve of the BCN-MRI predictive model in the present validation cohort (A), in
the development cohort (B), and in the initial external validation cohort (C).
3.3. Discrimination Ability, Net Benefit, and Clinical Utility of the BCN-MRI PM
for sPCa Detection
The discriminatory ability for sPCa of the BCN-MRI PM, represented with ROC
curves, showed an AUC of 0.862 (95% CI 0.828-0.896) in this validation cohort, Figure 2A.
This result was comparable with the AUC of (1.842 (95% CI 1.822-0.861) observed in the
development cohort of the BCN-MRI PM, and better than 0.743 (95% CI: 0.711-0.776)
observed in the initial validation cohort (p = 0.008), Figure 2B [10].
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Figure 2. Discrimination ability of the BCN-MRI predictive model for significant PCa detection in
prostate biopsy in this validation cohort (A), referenced to those observed in the development cohort
and the initial external validation cohort (B) [10].

The DCA showed a net benefit of the BCN-MRI PM over biopsy for all men, beginning
at a threshold probability of 12%, Figure 3A. This benefit was comparable with that observed
in the development cohort and the initial validation cohort, Figure 3B [10].
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Figure 3. Net benefit of the BCN-MRI predictive model, represented trough Decision Curve Ana-lysis
(DCA), in which “y axis’ represents to biopsy all men and ‘x axis’ represents to biopsy any of them.
The DCA showed a net benefit of the BCN-MRI PM over biopsy for all men, be-ginning ata threshold
probability of 12%, (A). This benefit was comparable with that observed in the development cohort
and the initial validation cohort, (B) [1U].

The clinical utility of the BCN-MRI PM, based on the estimation of the percentages of
saved biopsies and undetected sPCa for 5% threshold intervals, is presented is presented
in Table 2.

Table 2. Clinical efficacy of the BCN-MRI predictive model showing the rate of undetected sPCa and
saved biopsies to each 5% threshold from 0 to 100 percent.

Threshold (%) Undetected sPCa (%) Saved Biopsies (%)
0 0.0 0.0
5 15 9.2
10 37 201
15 6.0 26.7
20 109 33.0
25 142 372
30 15.0 394
35 18.4 427
40 21.7 457
45 27.3 499
50 30.3 534
55 341 56.0
60 419 61.7
65 50.9 68.7
70 60.3 74.8
75 68.9 79.9
80 76.8 85.8
85 84.3 90.8
90 91.4 95.0
95 96.6 98.0

100 100.0 100.0

Table 3 displays the specificities and 95% confidence intervals of the BCN-MRI PM
at sensitivities of 100%, 97.5%, 95%, 92.5%, and 90% for sPCa, as these represent the
most relevant clinical scenarios. The efficacy measured by the Youden index, and the
corresponding percentage of avoided biopsies are also presented. If we choose to allow up
to 5% of sPCa to go undetected, the specificity of the BCN-MRI PM will be 48.4% (95% Cl,
42.3-51.6), the Youden index will be 43.6, and 24.9% of prostate biopsies will be avoided.
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Table 3. Specificities estimated from 90 to 100% sensitivities of the BCN-MRI predictive model,
efficacy of the model "Youden index’ and saved biopsies with these thresholds.

Sensitivity (%) Threshold (%) Spedificity (%) (95% CD Youden Index Saved Biopsies (%)
100 L6 53(3.8-6.1) 53 16
97.5 78 343304402 258 17.1
95 119 43.4(423-51.6) 436 249
925 165 59.5(53.4-63.5) 520 302
90 187 62.6(59.7-65.7) 529 326

Clinical utility curves (CUCs), representing the differential percentage between un-
detected sPCa and saved prostate biopsies across a continuous evolution of the threshold
probability point from () to 100%, are shown in Figure 4. A highly relevant scenario, based
on the detection of at least 95% of sPCa, is highlighted with arrows corresponding to
the application of the 12% threshold of the BCN-MRI PM, which saves almost 25% of
prostate biopsies.
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Figure 4. Analysis of clinical utility of the BCN-MRI predictive model, represented by clinical
utility curves (CUCs) showing the undetected rate of significant PCa and avoided prostate biopsies
according to the continuous threshold point. Arrows indicate the rate of saved biopsies at the 12%
threshold corresponding to the 95% sensitivity for significant PCa detection.

3.4. Potential Clinical Utility of the BCN-MRI PM According to the PI-RADS v 2.1 Score

Analyzing the potential clinical utility of the BCN-MRI PM in individuals with PI-
RADS 2, the probability of sPCa ranged from 0.22% to 26.70% among the 73 cases analyzed.
The probabilities in the two cases with significant PCa (sPCa) detected were 11.28% and
22.99%, with respective PSA densities of 0.14 and 0.17, and normal digital rectal exami-
nations in both. By applying an 11% threshold for recommending biopsy in PI-RADS 2
cases, a 100% sensitivity for sPCa cases would be detected, while prostate biopsies using
this threshold would be indicated in 16 cases (21.9%) within this subgroup.

For PI-RADS 3 (the most uncertain scenario), 35 cases of sPCa were identified among
106 individuals. By applying a 10% threshold, 36 prostate biopsies (40%) could be avoided
while 8 sPCa cases (22.8%) would be missed, representing a global loss of 3% among the
267 significant PCa cases diagnosed in the overall series.

For PI-RADS 4 and 5, no threshold was founded for allowing to avoid prostate biopsies

in theese subsets without missing sPCa cases.
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4. Discussion

The BCN-MRI PM for sPCa has been successfully validated in men suspected of ha-
ving PCa through a highly effective transperineal prostate biopsy protocol. This approach
involved obtaining core obtention cores at 0.5 mm intervals from suspicious lesions and
perilesional areas, along with a 12-core systematic biopsy [22-24]. Among individuals
with a PI-RADS score 2, sPCa was detected in 2.7% of cases, a rate lower than the 9%
(95% CI 5-13) reported in the meta-analysis by Oerther et al. on sPCa detection rates across
PI-RADS v2.1 assessment categories. Conversely, a detection rate of 33% was observed in
men with a PI-RADS score of 3, which is notably higher than the referenced rate of 16%
(95% CI: 7-27). For those with a PI-RADS score of 4, this approach identified sPCa in 80%
of cases, surpassing the 59% (95% CI: 39-78) reported in the meta-analysis. Finally, in men
with a PI-RADS score of 5, the protocol achieved an sPCa detection rate of 87.4%, placing
it at the upper end of the range reported in the meta-analysis, which cited a rate of 85%
(95% CI: 73-94) [25].

The clinical characteristics of the analyzed cohort differed from those of the deve-
lopment cohort and the initial external validation cohort of the BCN-MRI PM in several
aspects, including age, serum PSA level, prostate volume, percentage of suspicious DRE
findings, proportion of biopsy naive men, family history of PCa, and the distribution of PI-
RADS scores. Notably, the most significant difference was observed in the outcome variable
of the BCN-MRI PM. The rate of sPCa detected in the present validation cohort was 58.3%
compared to 36.9% in the development cohort and 40.8% in the initial external validation
cohort. The latter utilized PI-RADS v2.0 and employed a biopsy protocol consisting of
2-to 4-core targeted biopsies of suspicious lesions alongside a 12-core systematic biopsy
performed via transrectal route [10]. Despite these differences, the performance of the
BCN-MRI PM under these challenging conditions was comparable to its performance
in the initial external validation. The model demonstrated discrimination abilities with
an AUC of 0.862 (IOR 0.828-0.896) and 0.858 (IOR 0.833-0.883), respectively. In both
validation cohorts, applying the BCN-MRI PM provided a net benefit compared to perfor-
ming biopsies on all men, beginning at a threshold of approximately 12%. Furthermore,
the clinical utility of the BCN-MRI PM, as indicated by the percentage of saved prostate
biopsies at 95% sensitivity, was 24.9% in the present cohort compared to 23.7% in the initial
external validation. Thus, we conclude that the BCN-MRI PM performed slightly better in
the current cohort, where enhanced biopsy effectiveness was observed compared o the
protocol used in the development and initial external validation cohorts [10].

In recent years, several significant changes have been introduced to the diagnostic
pathway for sPCa, potentially influencing the effectiveness of prostate biopsy. The cur-
rently utilized PI-RADS version 2.1 differs from version 2.0, which was employed in the
development and initial validation cohort of the BCN-MRI PM [9,16]. Additionally, the
currently recommended approach for performing prostate biopsies is the transperineal
route, whereas the transrectal route was used during the development and initial external
validation of the BCN-MRI PM [26]. These updates underscore the need to validate the
BCN-MRI PM under these revised conditions. Since the development an initial external
validation excluded men receiving 5-alpha reductase inhibitors (5-ARI) for symptomatic
benign prostatic hyperplasia due to their impact on serum PSA levels, the BCN-MRI PM has
now been validated in a cohort of men suspected of having PCa who are undergoing 5-ARI
treatment [27,28]. Furthermore, the predictive model has been validated in contexts where
version 2.1 of the PI-RADS score is used in MRI reports and prostate biopsies are performed
via transperineal route [2Y]. Lastly, given that an optimal prostate biopsy protocol has
not yet been defined, and evidence suggests that mapping biopsies of targeted suspicious
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lesions and perilesional areas may enhance biopsy effectiveness [29,30], we validated the
BCN-MRI PM in a cohort of men undergoing this biopsy protocol.

The BCN-MRI PM has been successfully validated in men suspected of having PCa
who underwent targeted biopsy of lesional and perilesional following a 0.5 mm-core map-
ping protocol in combination with a 12-core systematic biopsy. Its potential clinical utility
of the BCN-MRI PM was specifically evaluated across different PI-RADS v2.1 categories.
We found that in individuals with PI-RADS 2, using a 11% threshold, it could detect 100%
of existing clinically significant prostate cancers (sPCa) in this group by biopsying only 22%.
Similarly, for PI-RADS 3, using a 10% threshold, it could potentially avoid 40% of prostate
biopsies, although this would result in missing 23% of detected sPCa, representing a 3%
reduction in the overall sPCa detection rate in this series. For PI-RADS 4 and 5, no threshold
was identified that would allow avoiding biopsies without missing some sPCa cases.

Several limitations can be attributed to this study. Performing biopsies on men reclas-
sified as PI-RADS core 2 may introduce a bias into the detection rate of sPCa. Nevertheless,
this approach may also be considered a strength, as it provides an opportunity to assess
the effectiveness of applying the BCN-MRI PM in a subset of men who are rarely subjected
to prostate biopsy. A validation conducted in a cohort referred from a non-structured,
opportunistic screening effort for early sPCa detection does not necessarily guarantee suc-
cessful validation in the contexts of a population-based screening program. Additionally,
it was not possible to assess the specific number and contribution of perilesional cores
in detecting sPCa, as cores obtained from each suspicious lesion and its perilesional area
were collectively analyzed. A limitation of the BCN-MRI PM lies in its reliance on the
definition of sPCa based on findings from prostate biopsies, which may not fully repre-
sent the true pathology of the entire prostate gland. It is important to acknowledge the
inherent constraints associated with predictive models. These models estimate individual
probabilities of a condition based on the characteristics on the development cohort. Since
PI-RADS score is incorporated in MRI PMs, its potential utility should be analyzed in each
category to identify the scenarios in which they are effective [10,31]. We have observed
that the BCN-MRI PM has potential utility to select candidates for prostate biopsy with
PI-RADS 2 and 3. However, in PI-RADS 4 and 5, in which sPCa detection was very high,
no potential saving biopsies was observed without missing sPCa.

The sequenced application of the BCN PMs (BCN-1 PM prior MRI and BCN-MRI
PM) for the early detection sPCa represents a cost-effective approach. This strategy is
advantageous when compared to the recommended practice of performing MRI for all men
suspected of having PCa and conducting biopsies on those with PI-RADS 3 or higher, as
well with the systematic use of novel tumor markers [32].

Predictive models face challenges due to the ongoing changes in the characteristics
of the populations where they are implemented, often requiring recalibration and read-
justment to maintain accuracy [30]. Achieving real-time updates for predictive models
remains a significant challenge for the future risk calculators [33]. Establishing a continuous
feedback loop incorporating new cases, leveraging appropriate machine learning algo-
rithms, and utilizing federated networks risk calculators to undergo continuous updates at
each participating site, thereby ensuring sustained accuracy [34]. Moreover, the broader
applications of novel imaging techniques and predictive modelling in cancer detection are
expected to contribute to the future prediction of sPCa [35-47].

5. Conclusions
The BCN-MRI PM has been successfully validated in men suspected of having PCa

using an effective prostate biopsy protocol that includes 0.5 mm mapping-core targeted
biopsies of suspicious lesions and 12-core systematic biopsy.
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6. RESUMEN GLOBAL DE RESULTADOS






El primer aspecto de mejoria en el procedimiento diagnéstico del csPCa que
hemos analizado en nuestro proyecto ha sido la interpretacion del PI-RADS por parte del
radiologo. Se llevo a cabo la evaluacion de la concordancia entre las puntuaciones PI-
RADS asignadas por radidlogos no expertos utilizando mpMRI y aquellas determinadas
por un radidlogo experto mediante bpMRI, en 222 hombres con sospecha de PCa. La
mediana de edad de los pacientes fue de 67 afios y la mediana del PSA sérico fue de 6.8
ng/mL. La deteccion global de cancer fue del 68,5%, y del 53,2% para csPCa, Tabla 1
(art.1). La concordancia global entre las puntuaciones PI-RADS de la lesion indice fue
baja (49,1%), con un indice Kappa de 0.288, lo que indica una pobre correlacion entre las
lecturas de radilogos no expertos y expertos. En el 45,9% de los casos, la lectura experta
redujo la categoria PI-RADS, mientras que en solo un 5,0% se increment6 (p <.001). La
concordancia aumentd de forma significativa conforme aumentaba la categoria PI-RADS
del informe no experto: fue del 30,8% en PI-RADS 3, del 43,6% en PI-RADS 4 y del
83,7% en PI-RADS 5, Tabla 2 (art.1). Desde un punto de vista clinico, la lectura experta
permitié reclasificar 64 imagenes sospechosas inicialmente categorizadas como PI-
RADS >3 por radidlogos no expertos a PI-RADS 2. Esta reclasificacion podria haber
evitado el 28,8% de las biopsias, en contraste con solo un 1,8% si se hubiese seguido el
criterio no experto (p =.021). La omision de estas biopsias habria resultado en la pérdida
de deteccion de 5 csPCa (4,2%) segun lectura experta, frente a 4 (3,4%) segun la lectura
no experta (p = .669). Ademas, la lectura experta permitié reducir en un 29,4% la
sobredeteccion de iPCa, mientras que la lectura no experta no evitd ningun caso de
sobrediagnostico (p = .034), Tabla 3 (art.1). El andlisis histopatoldégico demostré una
mejor correlacion entre la categorizacion PI-RADS y el grado ISUP en la lectura experta.
De los 64 casos reclasificados como PI-RADS 2 por el experto, el 76,6% no presentaban
cancer y un 15,6% eran PCa de bajo grado (ISUP GG1), lo que respalda el valor
discriminativo de la lectura experta, Tabla 4 (art.1). Ademas, la lectura experta mostré
una clara correlacion entre el aumento en la puntuacion PI-RADS y una mayor tasa de
deteccion de csPCa, relacion que no se observd en las lecturas no expertas, Figura 3
(art.1). Dos ejemplos ilustrativos de discordancia entre lecturas se presentan en las
Figuras 4A y 4B (art.1). En ambos casos, lesiones categorizadas como PI-RADS 4 por
el radidlogo no experto fueron recategorizadas como PI-RADS 2 por el radidlogo experto

tras identificar signos compatibles con prostatitis o hallazgos benignos, con biopsias
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negativas en ambos. Finalmente, el andlisis multivariante identificoé dos predictores
independientes de concordancia entre las lecturas: la puntuacion PI-RADS inicial del
radidlogo no experto (OR 3.925, IC 95% 1.888-8.160, p < 0.001) y el volumen prostatico
(OR 0.359,1C 95% 0.162-0.795, p=0.012). Especificamente, la concordancia fue menor
en prostatas de mayor volumen, especialmente en casos categorizados como PI-RADS 4

por el lector no experto, Tabla 5 (art.1).

En segundo lugar, se analiz6 la precision diagndstica de las biopsias prostaticas dirigidas
(TB) y sistematicas (SB) para detectar el csPCa y ademas se desarrolld6 un modelo
predictivo para valorar la omisidon parcial de biopsias sistemdticas en varones con
sospecha de PCa y puntuaciones PI-RADS > 3. La cohorte analizada estuvo compuesta
por 2.122 hombres con sospecha de cancer de prostata, con una mediana de edad de 68
afios y PSA de 7.3 ng/mL. El 60,6% de las biopsias se realizaron por via transperineal y
el 70,5% con resonancia 3.0 Tesla. La distribucion de PI-RADS fue de 22,9% (PI-RADS
3), 54,0% (PI-RADS 4) y 23,1% (PI-RADS 5), Tabla 1 (art.2). El PCa fue detectado en
el 67,1% de los pacientes, siendo csPCa en el 48,4%. La concordancia entre TB y SB para
la deteccion de csPCa fue del 76%: en el 24,4% de los casos se detectd por ambas técnicas,
y en el 51,6% no se detectd por ninguna. Sin embargo, en el 24% de los casos hubo
discordancia: el 17,3% de los csPCa fueron detectados unicamente por TB y el 6,7% solo
por SB, Tabla 2 (art.2). Considerando exclusivamente los 1,026 casos de csPCa, el
35,7% fueron detectados solo por TB y el 13,9% solo por SB. El grado ISUP
predominante en ambas situaciones fue el 2, aunque también se detectaron tumores de
alto grado (GG > 3) exclusivamente por una de las dos vias. El analisis multivariado
identifico como predictores independientes de mayor concordancia: edad >68 afios (OR
1.48; p < 0.001), menor volumen prostatico (OR 0.582; p < 0.001), resonancia 3T (OR
1.463; p=0.002), puntuaciones PI-RADS mas altas (OR 1.590; p <0.001), uso de fusién
software (OR 1.333; p=0.020) y via transperineal (OR 1.335; p=0.018), Tabla 3 (art.2).
La discordancia fue mayor en hombres mayores y con resonancia 3T, y menor en prostatas
grandes. Se observo una tendencia creciente de deteccion exclusiva por TB a medida que
aumentaba la puntuacion PI-RADS: del 4,9% en PI-RADS 3 al 25,9% en PI-RADS 5. En
contraste, la deteccion exclusiva por SB se mantuvo estable entre 5,1% y 7,5%, Tablas 4
y 5 (art.2). A partir de los factores predictivos independientes identificados, se desarrolld
un modelo para estimar la capacidad de las TB de detectar csPCa. El AUC de la curva

ROC fue de 0.741 (IC 95%: 0.721-0.762), Figura 1 (art.2). Tras evaluar los umbrales de
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sensibilidad del 100%, 97,5% y 95% para la deteccion de csPCa, las especificidades
correspondientes fueron del 5.8%, 22,5% y 27,4%, respectivamente. Con estos
pardmetros, se observd que podian evitarse 11 biopsias sistemdticas sin omitir ningiin
caso de csPCa cuando se aplicaba una sensibilidad del 100%. Con un umbral de
sensibilidad del 97,5%, se evitaban 312 biopsias sistematicas (14,7%) con 25 casos de
csPCa no detectados (2,4%). Finalmente, con una sensibilidad del 95%, se evitaban 368

SB (18,3%) a costa de no detectar 47 casos de csPCa (4,6%), Tabla 6 (art.2).

Comparamos también la eficacia diagnostica de csPCa segun el abordaje realizado en la
biopsia prostatica ya que actualmente se recomienda realizar la via transperineal. Para
ello se disefid un estudio multicéntrico pareado que evalu6 la eficacia diagndstica de las
biopsias prostaticas transperineales y transrectales (TRB) en la deteccion de csPCa,
mediante biopsias dirigidas a lesiones sospechosas identificadas por mpMRI. Ademas, se
analiz¢ el valor afiadido de las biopsias sistematicas segun la via de abordaje. De los 4.029
hombres inicialmente evaluados, se seleccionaron 1.376 con datos completos sobre
tamafio y localizacion de la lesion indice. Para minimizar sesgos, se construy6 un grupo
pareado de 325 pares de casos segun la via de utilizada para la biopsia, con variables
clinicas y técnicas equilibradas, Tabla 1 y Figura 1 (art.3). Globalmente, la deteccion de
sPCa fue del 41,3% mediante biopsias dirigidas y del 29,7% mediante biopsias
sistematicas. En el grupo pareado, las TPB mostraron tasas superiores de deteccion de
csPCa tanto en el diagnostico global (49,5% vs. 40,6%; p = 0.027) como en las biopsias
dirigidas a la lesion indice (44,6% vs. 30,8%; p < 0.001), Tabla 3 (art. 3). Sin embargo,
la deteccion de csPCa mediante biopsias sistematicas fue mayor en la via transrectal
(35,1%) frente a la TPB (24.3%) (p = 0.003), y los casos detectados unicamente por
biopsia sistematica fueron significativamente mas frecuentes con TRB (10,5%) que con
TPB (4,9%) (p = 0.012), Tabla 4 (art.3). La localizacion de la lesion indice tuvo un
impacto directo sobre la eficacia diagnostica. En lesiones localizadas en la zona central a
nivel de la base media, la TPB detect6é csPCa en el 33,3% de los casos frente al 5.9% con
TRB (p = 0.003); en la zona anterior a nivel medio, las tasas fueron de 47,8% con TPB
frente a 20.8% con TRB (p = 0.039); y en la zona anterior apical, del 52,9% frente a
24,2%, respectivamente (p = 0.024). En cambio, para las lesiones situadas en la zona
periférica, tanto en base como en apex, no se observaron diferencias significativas entre
ambas vias de abordaje, Tabla 5 (art. 3). Por ultimo, el analisis multivariante identifico

como predictores independientes de mayor probabilidad de deteccion de csPCa variables
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como la edad avanzada, PSA elevado, tacto rectal sospechoso, menor volumen prostatico,
uso de resonancia 3T, fusion software, y puntuaciones PI-RADS mas altas, Tabla 2

(art.3).

Desarrollamos un estudio retrospectivo en un centro de referencia en Barcelona con el
objetivo de evaluar la eficacia de las biopsias dirigidas por mapeo exclusivamente sobre
la lesion indice en la deteccion de csPCa, utilizando la plataforma de biopsia de prostata
por fusion transperineal Artemis™. El andlisis incluyé a 309 hombres con sospecha de
cancer de prostata, todos sometidos a mpMRI y biopsias sistematicas de 12 cilindros
ademas de las biopsias dirigidas. La cohorte presentd una mediana de edad de 67 afios y
un PSA de 6.3 ng/mL, con un volumen prostatico mediano de 53 cc. El 62,1% de los
hombres fueron diagnosticados con csPCa, y un 12.3% con iPCa, Tabla 1 (art.4). La tasa
de deteccion de csPCa se increment6 significativamente con el aumento en la puntuacion
PI-RADS: 6,3% en PI-RADS 2, 26,8% en PI-RADS 3, 87,3% en PI-RADS 4, y 93,1%
en PI-RADS 5 (p < 0.001), mientras que la deteccion de iPCa disminuy6 en los niveles
mas altos, Tabla 1 y Figura 2 (art.4). Las biopsias dirigidas a la lesion indice detectaron
185 de los 192 casos de csPCa (96.3%), mientras que solo tres casos (1.6%) fueron
detectados exclusivamente en las biopsias sistematicas y cuatro (2.1%) en una segunda
lesion sospechosa, Tabla 2 (art.4). No se identifico ningin csPCa adicional en las
biopsias dirigidas a una tercera lesion. El indice de concordancia entre biopsias dirigidas
y sistematicas fue bajo (Kappa = 0.239), y en la mayoria de los casos (43%) el csPCa fue
detectado unicamente por la biopsia dirigida, Figura 2B (art.4). Desde el punto de vista
del rendimiento diagndstico, el estudio mostrd que restringir la biopsia exclusivamente a
la lesion indice reduciria en un 63,6% el numero total de cilindros (de 6.573 a 2.392).
Esta reduccion aumentaria hasta el 72,8% si se aplicara el modelo predictivo desarrollado
para estimar la probabilidad de deteccion de csPCa mediante biopsias dirigidas al indice.
Un modelo, basado en regresion logistica, identificé como predictores independientes el
PSA (OR: 1.136; p=0.033), el volumen prostatico (OR: 0.978; p <0.001) y la puntuaciéon
PI-RADS de la lesion indice (OR: 7.285; p < 0.001), Tabla 3 (art.4). El modelo present6d
un elevado poder discriminativo del csPCa, con un AUC de 0.918 (IC 95%: 0.887—0.950),
Figura 3A (art. 4), y un beneficio clinico neto frente a la estrategia de biopsiar a todos
los varones, Figura 3B (art.4). Con una sensibilidad del 100%, el modelo permitiria

evitar el 23,3% de las biopsias dirigidas al indice sin omitir nuevos casos de csPCa.
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Con el objetivo comparar la eficacia del esquema de muestreo cada 0.5 mm frente al
esquema clasico que obtiene entre dos y cuatro muestras por lesion para detectar csPCa,
se realiz6 un estudio prospectivo multicéntrico en Catalufia que compar6 la eficacia
diagnostica de dos esquemas de biopsias TPB dirigidas a las lesiones sospechosa en la
mpMRI. El andlisis principal se realizé sobre una cohorte pareada por puntuacion de
propension que incluyé a 522 hombres con lesiones PI-RADS 3 a 5, distribuidos
equitativamente entre ambos esquemas, Tabla 3 (art.5). La tasa de deteccion de csPCa
en las biopsias dirigidas a la lesion indice fue significativamente mayor con el esquema
de saturacion (71,9%) en comparacion con el esquema de dos a cuatro cilindros (47,9%)
(p < 0.001). En contraste, la deteccion de iPCa fue menor con el esquema saturado
(11,1%) frente al convencional (18,8%) (p =0.019), Figura 2 (art.5). La superioridad del
esquema de saturacion fue especialmente evidente en lesiones con puntuaciones PI-
RADS mas altas. En lesiones PI-RADS 4, la tasa de deteccion de csPCa fue del 87,3%
frente al 47,4% con el esquema convencional (p < 0.001), y en PI-RADS 5, del 90,3%
frente al 77,8% (p <0.001). En PI-RADS 3 no se alcanz6 significacion estadistica, aunque
también se observo una tendencia favorable (26,8% vs. 18,3%; p = 0.158), Figura 1
(art.5). Respecto de las biopsias sistematicas de 12 cilindros realizadas en todos los casos,
no se observaron diferencias significativas en la deteccion de csPCa segtn el esquema de
biopsia dirigida utilizado (28.0% en el grupo convencional vs. 26,8% en el grupo
saturado; p = 0.228). Sin embargo, la deteccién de csPCa exclusivamente en la biopsia
sistematica fue significativamente menor cuando se utilizé el esquema saturado (1,5% vs.
5,0%; p = 0.035), Figura 3 (art.5). El analisis multivariante identificd que, ademas del
esquema de biopsia, variables como la edad, el PSA, el volumen prostatico, la puntuacion
PI-RADS, el tamano y la localizacion de la lesion indice fueron predictores
independientes de la deteccion de csPCa, Tabla 2 (art.5). En particular, el esquema
saturado mostr6 una Odds Ratio de 2.137 (IC 95%: 1.869-3.439; p < 0.001) para

deteccion de csPCa en comparacion con el esquema convencional.

Para contextualizar los hallazgos previos en un escenario en el que se utilizan diferentes
plataformas de fusion de imagenes de MRI-TRUS para realizar biopsias prostaticas
transperineales, realizamos una revision sistematica de la literatura con el objetivo de
analizar la eficacia diagndstica de las distintas plataformas asi como explorar la utilidad
complementaria de las biopsias sistematicas en combinacidon con las dirigidas. Esta

revision incluy6 estudios publicados hasta febrero de 2023, seleccionados mediante los
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criterios PRISMA y PICO, y fue registrada en PROSPERO (CRD42022375619). Se
incluyeron finalmente 30 estudios que analizaron los resultados de biopsias en 11.313
pacientes, Figura 1 (art.6). Las caracteristicas demograficas globales mostraron una edad
media de 66.5 afios, un PSA promedio de 7.8 ng/mL, volumen prostatico medio de 45.4
cc y densidad de PSA media de 0.17 (rango: 0.12—0.27). Se analizaron 10.457 lesiones,
predominantemente PI-RADS 3 (2748), PI-RADS 4 (4126) y PI-RADS 5 (2339), con un
22% de tacto rectal anormal reportado en las series que lo consignaban, Tabla 3 (art.6).
En cuanto a las caracteristicas técnicas, todas las biopsias fueron transperineales en
posicion de litotomia. Se utilizaron diversos tipos de anestesia: local en 11 estudios,
general en 15, sedacién en dos y raquidea en dos. La segmentacion prostatica fue
realizada por el ur6logo en la mayoria de los casos, aunque en algunos estudios fue
efectuada por el radidlogo o ambos, Tabla 4 (art.6). Las plataformas mas utilizadas
fueron Koelis, Biopsee, UroNav y iSR’obot Mona Lisa, distribuidas entre fusiones rigidas
(14 estudios) y elasticas (16 estudios). Los resultados de deteccion global de PCa y csPCa
fueron del 61,4% y 47,8%, respectivamente. La tasa de deteccion de csPCa vari6 segin
la categoria PI-RADS: 24.5% en PI-RADS 3, 55.9% en PI-RADS 4y 81.5% en PI-RADS
5, Tabla 6 (art.6). La contribucion adicional de la biopsia sistematica, definida como la
deteccion de csPCa tinicamente mediante esta técnica, fue reportada en 14 estudios, con
una media del 9.5% (rango: 0,8% a 22,1%). Este hallazgo confirma que la
complementariedad entre biopsia dirigida y sistematica también es valida en la via
transperineal. Cuando se compararon los tipos de software, las biopsias guiadas por fusién
elastica mostraron una tasa global de deteccion de PCa del 64,8% y de csPCa del 50,3%,
mientras que con software de fusion rigida las tasas fueron de 57,9% y 45,4%,
respectivamente. En poblaciones homogéneas, se observd que la fusion rigida ofrecia
mejores resultados en deteccion de csPCa, especialmente en pacientes con vigilancia
activa o biopsia previa negativa, Tablas 7 y 8 (art.6). Finalmente, no se hallaron
diferencias significativas entre los distintos tipos de robots analizados. El sistema
Artemis™ no contaba con publicaciones sobre su rendimiento por via transperineal. Las
series mas recientes también reflejan una tendencia creciente al uso de anestesia local, lo

que demuestra la factibilidad de la técnica en condiciones ambulatorias.

En una segunda parte de nuestro proyecto, se evaluo el rendimiento del modelo predictivo
de Barcelona que incorpora la informacion de la MRI (BCN-MRI PM) en un entorno

clinico del programa de diagnéstico precoz del csPCa de Catalufia, con el proposito de
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validar su capacidad predictiva para la deteccion de csPCa en varones con sospecha de
PCa tratamiento con inhibidores de la 5-alfa reductasa (5-ARI). El analisis incluy6 a2.212
hombres con sospecha de PCa atendidos en 10 centros durante el afio 2022, de los cuales
120 (5,4%) estaban recibiendo tratamiento con 5-ARI desde hacia mas de un afo. La
mediana de edad fue mayor en los usuarios de 5-ARI (72 vs. 68 afios; p <0.001), al igual
que el volumen prostatico (69 vs. 53 cc; p < 0.001), mientras que el PSA fue comparable
entre ambos grupos (8.0 vs. 7.3 ng/mL; p=0.107), Tabla 1 (art.7). La distribucion de las
puntuaciones PI-RADS fue similar, predominando las categorias 4 y 5 en ambos
subgrupos. La deteccion global de PCa fue del 63,4%, siendo csPCa en el 44,6% e iPCa
en el 18,8%. No se observaron diferencias significativas en la tasa de deteccion de csPCa
entre los hombres tratados y no tratados con 5-ARI (42,5% vs. 44,7%; p = 0.706). En
cuanto al rendimiento del modelo BCN-MRI PM, su capacidad discriminativa fue elevada
tanto en hombres sin tratamiento (AUC: 0.824; IC 95%: 0.783—-0.842) como en aquellos
bajo tratamiento con 5-ARI (AUC: 0.848; IC 95%: 0.806-0.916), sin diferencias
significativas entre ambos (p = 0.157), Figura 1A'y 1D (art.7). Las curvas de calibracion
mostraron un leve exceso de deteccion de csPCa en las probabilidades bajas en los
hombres sin tratamiento, mientras que en los tratados con 5-ARI se observo un mejor
ajuste a la curva ideal, Figura 1A'y 1B (art.7). La aplicacion clinica del modelo, evaluada
mediante curvas de utilidad clinica, demostrd que en los hombres sin tratamiento de 5-
ARI, el uso del BCN-MRI PM permitiria evitar el 17,3% de las biopsias prostaticas con
una pérdida del 2,5% de csPCa (sensibilidad del 97,5%). En cambio, en los usuarios de
5-ARI, el modelo permitiria evitar el 25% de las biopsias sin omitir ningtn caso de csPCa,
incluso aplicando un umbral de sensibilidad del 100%, Figura 2 y 3 (art.7). El analisis
de beneficio clinico neto mediante analisis curvas de decision mostro que el uso del BCN-
MRI PM aporta un beneficio neto superior que la estrategia de biopsiar a todos los
pacientes con resonancia positiva, tanto en hombres tratados como no tratados con 5-ARI,

Figura 1 (art. 7).

Realizamos un estudio prospectivo en un centro de referencia de Barcelona con el
objetivo de validar el modelo predictivo BCN-MRI PM para la deteccion de csPCa en
hombres con sospecha de PCa, empleando un protocolo avanzado de biopsia por mapeo
dirigido cada 0.5 mm sobre lesiones sospechosas y sus areas perilesionales, seguido de
una biopsia sistemadtica de 12 cilindros. El estudio incluy6 a 457 hombres biopsiados entre

febrero de 2022 y febrero de 2024. La tasa global de deteccion de csPCa fue del 58,4%.
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Seglin la categoria PI-RADS v2.1 de la lesion indice, las tasas de deteccion fueron de
2,7% (PI-RADS 2), 33% (PI-RADS 3), 80% (PI-RADS 4) y 87,4% (PI-RADS 5), Tabla
1 (art.8). La mayoria de las lesiones indice (65.2%) se localizaban en la zona periférica
y el tamafio mediano de la lesion fue de 12 mm. El niimero total de cilindros por paciente
tuvo una mediana de 21 (rango intercuartil 19—24). La calibracion del modelo BCN-MRI
PM fue adecuada, mostrando una buena concordancia entre las probabilidades esperadas
y observadas y comparable con la cohorte de desarrollo, y la primera validacion externa,
Figura 1 (art.8). La capacidad discriminativa del modelo fue elevada, con un area bajo
la curva (AUC) de 0.862 (IC 95%: 0.828-0.896), superior al AUC de 0.743 (IC 95%:
0.711-0.776) observado en la validacion del BCN-MRI PM (p = 0.008), Figura 2 (art.8).
El andlisis de curvas de decision mostrd un beneficio clinico neto del modelo a partir de
umbrales del 12% en adelante, comparable al de cohortes previas, Figura 3 (art.8). En
términos de utilidad clinica, con un umbral del 12% de probabilidad de csPCa, el modelo
permitiria evitar el 24.9% de las biopsias prostaticas con una sensibilidad del 95%, Tabla
3 y Figura 4 (art.8). A mayores umbrales, se incrementaba el porcentaje de biopsias
evitadas, pero también los casos de csPCa no detectados, Tabla 2 (art.8). Por ejemplo, al
permitir una omision del 5% de los casos de csPCa, se lograria evitar el 24.9% de las
biopsias, con una especificidad del 48.4% y un indice de Youden de 43.6, Tabla 3 (art.8).
Al analizar subgrupos por categoria PI-RADS, se observo que en los hombres con PI-
RADS 2, un umbral del 11% permitia detectar el 100% de los csPCa (2 casos) evitando
biopsiar al 78,1% del subgrupo. En los PI-RADS 3, un umbral del 10% evitaria el 40%
de las biopsias, pero a costa de omitir el 22,8% de los csPCa, lo que representa una pérdida
global del 3% de csPCa en la cohorte total. En los PI-RADS 4 y 5 no se identificé ningin
umbral que permitiera evitar biopsias sin perder diagnosticos de csPCa. En conjunto, el
modelo BCN-MRI PM mostré un rendimiento robusto incluso bajo un protocolo de
biopsia mas exhaustivo que el usado en su desarrollo, validando su aplicabilidad clinica
en contextos actuales que utilizan PI-RADS v2.1 y biopsias transperineales con mapeo

dirigido y sistematico.
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En el contexto del programa de deteccion precoz de csPCa en Cataluiia, se desarrolld un estudio
prospectivo multicéntrico con el objetivo de validar el BCN-MRI PM en una cohorte de 3.264
hombres con resonancia pre-biopsia informada segin PI-RADS v 2.1 y sometidos a biopsias
prostaticas por via transrectal o transperineal. Los hombres incluidos presentaban un PSA >3 ng/mL
y/o un tacto rectal sospechoso. Del total, 2.295 (70,3%) fueron sometidos a biopsias transrectales y
969 (29,7%) a biopsias transperineales. Las caracteristicas clinicas y radioldgicas iniciales fueron
comparables entre ambos grupos, incluyendo edad, PSA, volumen prostatico, distribucion de
puntuaciones PI-RADS y proporcion de antecedentes familiares y biopsias previas, Tabla 1 (art.9).
La tasa de deteccion global de csPCa fue mayor con la via transperineal (45,9%) que con la transrectal
(41,0%) (p = 0.016). No hubo diferencias significativas en la deteccion de iPCa (17,4% vs. 16,3%; p
=0.441). La calibracion del modelo fue buena para ambas vias de abordaje, con curvas de calibracion
proximas a la linea de correlacion ideal, y s6lo una leve sobrestimacion en las probabilidades mas
bajas y subestimacion en las mas altas, Figura 1 (art.9). La capacidad discriminativa del modelo fue
elevada en ambos grupos: AUC de 0.847 (IC 95%: 0.830—0.863) en biopsias transrectales y 0.830 (IC
95%: 0.804—0.855) en biopsias transperineales, sin diferencias estadisticamente significativas (p =
0.346), Figura 2 (art.9). El analisis de umbrales del modelo segtn sensibilidad mostré que, para una
sensibilidad del 100%, las especificidades fueron del 1,3% (umbral 0,36%) en biopsias transrectales
y 1,8% (umbral 0,49%) en transperineales (p = 0.438). A una sensibilidad del 97,5%, las
especificidades fueron del 23,7% y 22,6%, respectivamente (p = 0.395), y para una sensibilidad del
95%, del 37,6% y 36,8% (p = 0.387). Con estos umbrales, el modelo permitiria evitar 17 (0,7%) y 9
(0,9%) biopsias prostaticas sin omitir ningtn caso de csPCa; 344 (15,0%) y 112 (12,6%) con pérdida
del 2,5%;y 557 (24,3%) y 229 (22,6%) con pérdida del 5%, respectivamente para las rutas transrectal
y transperineal (p > 0.3 en todos los casos). Las curvas de decision clinica mostraron un beneficio
neto del modelo sobre la estrategia de biopsiar a todos los pacientes, tanto en la via transrectal (a
partir de un umbral del 10%) como en la transperineal (a partir del 15%), Figura 3 (art.9). En
conjunto, los resultados confirman la validez del BCN-MRI PM cuando se utiliza PI-RADS v2.1 y
se realizan biopsias tanto transrectales como transperineales, reforzando su aplicabilidad como
herramienta de estratificacion de riesgo en el abordaje diagnostico del csPCa en entornos clinicos

contemporaneos.

Tabla 5. Relacion entre los objetivos secundarios, las publicaciones incluidas y los principales

hallazgos de la tesis.
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sistematicas L, Multicéntrico 2.122 . ” permiten individualizar la
. Publicacion 2 . . sistematicas con T L
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. multicéntrico rendimiento diagndstico
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sistematica pacientes - . . o
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PM en pacientes Publicacion 7 multicéntrica pacientes AUC 0,824 utilidad clinica
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7. RESUMEN GLOBAL DE LA DISCUSION






La evolucion del diagnostico precoz del csPCa ha estado marcada por el desafio
de alcanzar una precision elevada, al mismo tiempo que una reduccion de procedimientos
invasivos innecesarios y riesgos asociados al sobrediagndstico. La introduccion de la MRI
como herramienta de primera linea en la evaluacion del riesgo de csPCa ha transformado
profundamente la estrategia diagndstica (164). Sin embargo, su incorporacion plena en la
practica clinica requiere resolver una serie de cuestiones relacionadas con su
estandarizacion, interpretacion experta, integracion tecnologica y la definicion de

umbrales clinicos que permitan individualizar la indicacion de biopsia prostatica.

La definicion de experiencia en la interpretacion de la MRI prostatica carece de criterios
uniformes. Algunos autores la establecen en funcion del numero de estudios
interpretados, fijando el umbral en 500 o 1000 casos, mientras que otros la asocian al
tiempo de practica, situdndola entre tres y doce anos de actividad en el area (165-167).
Alternativamente, se ha propuesto valorar la experiencia a partir de la retroalimentacién
histopatologica y del volumen acumulado de casos evaluados (168,169). Existe una
escasez de estudios que comparen de forma sistematica la variabilidad inter-observador
y sus consecuencias clinicas. Hemos analizado la concordancia entre las lecturas
realizadas por radidlogos no expertos y la reinterpretacion efectuada por una radidloga
experta utilizando MRI sin contraste (bpMRI). Encontramos la misma clasificacion con
el PI-RADS v 2.1 en el 49,1% de los estudio, lo que debemos entender como pobre en
linea con las publicaciones previas que reportan una consistencia limitada entre lectores
(170). Esta discrepancia se atribuye a una tendencia sistematica de los radidlogos no
especializados a sobrestimar el riesgo, clasificando como PI-RADS 3 6 4 lesiones que,
tras evaluacion experta, fueron reclasificadas como benignas (PI-RADS 2). Esta
reclasificacion habria permitido evitar la realizacion del 28,8% de las biopsias, con una
pérdida diagnodstica de csPCa del 4,2%. De los 64 hombres cuyas lesiones fueron
reclasificadas como PI-RADS 2 por el experto, 49 (76,6%) no presentaron PCa y 10
(15,6%) fueron diagnosticados de PCa insignificante (iPCa). Nuestra observacion es
consistente con publicaciones previas, donde la lectura experta permitio reclasificar 45
de 116 lesiones indice como PI-RADS < 3, evitando asi la realizacion de biopsias
innecesarias, sin comprometer el rendimiento diagnostico (171). En consonancia con
estos estudios, una mayor experiencia del lector reduce significativamente la tendencia a
sobre-diagnosticar el iPCa. Boschheidgen et al. llevaron a cabo un estudio que compar6

la lectura entre expertos y no expertos en MRI, en hombres de 45 afios, observando una

213



reduccion del 71% en la deteccion de iPCa al utilizar PI-RADS > 4 como umbral para
indicar la biopsia (172). El volumen prostatico se presenta como una variable
modificadora en la interpretacion de la MRI. La glandulas prostaticas pequenas y
heterogéneas se asocian a menor precision diagnéstica por parte de lectores poco
expertos, lo que sugiere una interaccion entre el tamafio prostatico y la experiencia del
lector (173). Por otra parte, la interpretacion experta de bpMRI, conforme a PI-RADS v
2.1, permite prescindir del uso de contraste en lesiones PI-RADS 3 localizadas en la zona
periférica, donde predomina la secuencia de difusion (174). Esta practica podria explicar
la mayor proporcion de lesiones PI-RADS 3 observadas en nuestra serie tras la lectura
experta, sin que ello implique necesariamente una mayor indicacion de biopsia. Estos
hallazgos refuerzan la necesidad de profesionalizar e institucionalizar la lectura experta
de la MRI prostatica. Este hecho permitirda mayor eficiencia de la biopsia prostatica. En
esta linea, se plantea la conveniencia de centralizar la lectura de MRI en centros de
referencia, formar radidlogos especializados en la interpretacion de MRI prostatica, y
desarrollar algoritmos de inteligencia artificial que puedan asistir o replicar la lectura
experta en entornos sin acceso a radidlogos expertos. En conjunto, estas medidas
permitirian mejorar la eficiencia diagnostica y reducir los riesgos inherentes a la biopsia

prostatica.

Ante la necesidad de optimizar el rendimiento diagnostico de la biopsia prostatica y
reducir procedimientos innecesarios, nuestro proyecto se ha sumado para generar
evidencia respecto de la necesidad de combinar biopsias sistematicas y dirigidas (175).
Si bien las biopsias dirigidas han demostrado ser mas sensibles que las sistematicas, sigue
existiendo un porcentaje no despreciable de casos de csPCa que son identificados
exclusivamente en la biopsia sistematica, especialmente cuando existen csPCa en lesiones
no visibles en la MRI o por errores en su localizacién (176,177). Nuestro estudio,
realizado en 2.122 varones con sospecha de PCa sometidos a biopsia prostatica
sistematica en 10 centros de Catalufia, puso de manifiesto que el 13,9% de los csPCa se
detectaron exclusivamente en la biopsia sistemadtica, el 35,7% unicamente en las biopsias
dirigidas, y el 50,4% en ambas. Este resultado evidencia la complementariedad
diagnostica entre ambos tipos de biopsia en nuestro medio. La literatura sugiere que los
csPCa pueden estar presentes hasta en el 9,2% de las biopsias sistematicas realizadas en
casos con PI-RADS <3 (178, 179). Por tanto, eliminar esta modalidad de muestreo puede

comprometer la sensibilidad global del proceso diagnostico. Estudios embleméaticos como
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PROMIS y PRECISION han demostrado, con evidencia de nivel uno, que las biopsias
dirigidas presentan mayor sensibilidad que las sistematicas (180, 181). En PROMIS, la
sensibilidad para csPCa se increment6 del 48% (IC 95%: 42—-55%) al 93% (IC 95%: 88—
96%) al utilizar biopsias dirigidas. En el estudio PRECISION, la tasa de deteccion de
csPCa fue del 38% con biopsias dirigidas frente al 26% con biopsias sistemadticas. No
obstante, investigaciones como MRI-First y PAIREDCAP concluyeron que ninguna
técnica por si sola asegura una sensibilidad diagnostica Optima, observando que entre el
11,5% y el 33,3% de los casos pueden pasar desapercibidos si se emplea un tinico enfoque
(182, 183). Nuestro estudio también evidencidé que existen factores clinicos y técnicos
influyen en la deteccion de csPCa en las biopsias dirigidas. Tal como indicaron Williams
et al., errores en la localizacién de las lesiones, lesiones no visibles y omisiones
interpretativas son causas frecuentes de falsos negativos en biopsias dirigidas (184). Asi
mismo, se ha observado que la discordancia entre ambas biopsias aumenta con la edad y
el volumen prostatico, y que la deteccion exclusiva mediante biopsia dirigida se
incrementa con puntuaciones PI-RADS mas elevadas, mientras que la deteccion
exclusiva mediante biopsia sistemdtica se mantiene relativamente constante (185).
También se ha identificd una mayor discordancia al utilizar MRI con campo magnético
de 3 Tesla, un hallazgo novedoso que no habia sido previamente descrito en la literatura,
a pesar de que estudios previos no habian demostraron un aumento consistente en la tasa
de deteccion de csPCa con mayor intensidad de campo (186). En nuestro estudio,
desarrollamos un modelo predictivo para estimar la probabilidad de deteccion de csPCa
exclusivamente en las biopsias dirigidas. Este modelo, que incorpord variables como la
edad, volumen prostatico, tipo de fusion TRUS-RM, via de abordaje y campo magnético
de la MRI, mostré un AUC de 0,741 (IC 95%: 0,721-0,762). Aunque su rendimiento
global fue moderado, permitid evitar hasta el 18,3% de las biopsias sistematicas, dejando
de detectar menos del 5% csPCa. Avances tecnologicos como la combinacion de MRI
con Ga®®PSMA-PET (187), el uso de biopsias dirigidas robotizadas, y mejoras en la
fusion de imagenes TRUS-MRI pueden reducir ain mas la necesidad realizar biopsias
sistematicas y minimizar el sobrediagndstico de iPCa (188). Sin embargo, en la
actualidad, las biopsias sistematicas siguen siendo necesarias para garantizar la maxima

deteccion de csPCa (62).

La reciente recomendacion de realizar la biopsia prostatica por via transperineal se

llevado a cabo con el objetivo de reducir las severas complicaciones infecciosas de la via
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transrectal y el excesivo consumo de antibioticos (189). Sin embargo, la eficacia
diagnéstica del csPCa en ambas vias no ha sido evaluada de manera exhaustiva. Por ello,
a partir de la serie amplia de biopsias recogidas en nuestro grupo multicéntrico,
realizamos un estudio pareado, en el que se eliminaron variables confusoras,
refuerzandose la eficacia del abordaje transperineal en el contexto de biopsias dirigidas
por fusion de imdagenes. En comparacion con el abordaje transrectal, la biopsia
transperineal mostré tasas significativamente mas altas de deteccion de csPCa tanto en
las lesiones indice (44,6% vs. 30,8%), como en biopsias combinadas sistematicas y
dirigidas (49,5% vs. 40,6%). Estos hallazgos coinciden con series recientes que
identifican a la biopsia transperineal como un predictor independiente de mayor
rendimiento diagnéstico (190), y contrastan con otros estudios en los que no se
observaron diferencias significativas entre ambas rutas (191,192). La complementariedad
entre las biopsias sistematicas y dirigidas continua existiendo cuando se utiliza el abordaje
transperineal. Nuestros datos fortalecen esa afirmacion, al mostrar que cada método
contribuye de manera independiente a la deteccion del csPCa. Un hallazgo llamativo en
nuestro estudio fue mayor deteccion de csPCa exclusivamente en la biopsia sistematica
cuando el abordaje fue transrectal (10,5 frente al 4.9%) que cuando se realizé la biopsia
por via transperineal. Esta diferencia podria deberse a variaciones en el volumen
prostatico, ya que en las glandulas prostaticas menores a 30 ml. de nuestra serie existio
mejor rendimiento de la biopsia transrectal, mientras que el volumen medio global fue de
60 ml. La localizacion de las lesiones parece influir en la eficacia de cada abordaje. La
via transperineal fue superior para detectar csPCa en lesiones anteriores, apicales,
centrales y en la base media, mientras que el acceso transrectal mostrd ventajas en las
lesiones posteriores. Este patron de deteccion fue coherente con el metaanalisis de Uleri
et al. que verifico la superioridad de las biopsias transperineales para tumores anteriores
y apicales, y su equivalencia con las biopsias transrectales en tumores periféricos (193).
Nuestro estudio complementa y refuerza la evidencia presentada en andlisis previos, al
demostrar que la eleccion de la via de abordaje, la localizacion tumoral y el volumen
prostatico son factores clave que condicionan la efectividad diagnostica de la biopsia

prostatica en funcion de su abordaje transrectal o transperineal.

La deteccion precoz del csPCa contintia mejorando gracias a la introduccion de nuevos
softwares de fusion entre imagenes de MRI y TRUS para realizar biopsias dirigidas (194),

estrategias innovadoras de robotizacion y la recomendacion del abordaje transperineal

216



(62). En este contexto, nuestro proyecto ha incorporado un estudio inédito en el que se
analiza el rendimiento de la biopsia prostatica dirigida por saturacion, mediante un mapeo
realizado cada 0.5 mm, de las lesiones sospechosas y areas perilesionales,
complementado con biopsias sistematicas obteniendo 12 cilindros. En esta serie en la que
se utilizé el PI-RADS v 2.1 se obtuvo una tasa global de deteccion de PCa del 74,4%,
62,1% de csPCa y 12,3% de iPCa En el contexto de la medicina de precision, la
multifocalidad tumoral plantea importantes desafios diagnosticos (195), y diversos
protocolos de biopsia buscan optimizar la precision con la menor agresividad posible,
como evitar la zona de transicion (196), utilizar biopsias de saturacion (197), seleccionar
pacientes segun la densidad de PSA (PSAD) (198), aplicar estrategias del tipo
umbra/penumbra (177,199), reducir el nimero de cilindros (200) o eliminar la biopsia
sistematica (201). No obstante, el valor afiadido de biopsiar lesiones secundarias y realizar
biopsias sistematicas sigue en evaluacion. Rachubinski et al. demostraron que la biopsia
de lesiones secundarias aporta valor diagndstico en la mayoria de los casos (202). En
nuestro estudio, la biopsia dirigida sobre la lesion indice detectd el 96,3% de los csPCa
mientras que la biopsia de la segunda lesion aportd un 2,1% adicional, y la biopsia
sistematica un 1,6%. Biopsiar una tercera lesiéon no mejor6 el rendimiento diagndstico.
Petov et al. (203) concluyeron que ambas técnicas presentan tasas comparables de
deteccion de csPCa, mientras que Marra et al. (204) destacaron su caracter
complementario. La revision Cochrane también respalda esta combinacion, aunque los
datos disponibles sobre el abordaje transperineal siguen siendo limitados (51). Porpiglia
et al. observaron que la biopsia dirigida no fue inferior a la combinacion con biopsia
sistematica en este contexto (205). En nuestra serie, solo tres casos (1%) de csPCa fueron
detectados exclusivamente mediante biopsias sistematicas. En nueve pacientes, la biopsia
sistematica identificd iPCa no detectados en las biopsias dirigidas lo que increment6 su
sobrediagnodstico. En tres casos la biopsia sistematica permitio reclasificar el grupo de
grado tumoral. A partir de estos hallazgos, desarrollamos un modelo predictivo que fue
capaz de evitar casi una cuarta parte de las biopsias sin dejar de detectar casos de csPCa.
Se evito el 72,8% de los 6.573 cilindros tomados, lo que redujo significativamente la
agresividad del procedimiento. Desde una perspectiva practica, la implementacion de un
protocolo de biopsia dirigida mediante mapping cada 0,5 mm deberia realizarse en centros
que dispongan de resonancia magnética prostatica de alta calidad, interpretacion
radioldgica experimentada y experiencia en biopsia prostatica transperineal guiada por

fusion de imagenes. La adecuada identificacion de las lesiones sospechosas y la precision
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en su muestreo constituyen elementos fundamentales para reproducir los beneficios
observados en esta tesis. Por ello, esta estrategia debe aplicarse en un entorno que

garantice la calidad de la evaluacion radiologica y de la técnica de biopsia dirigida.

En el marco de la optimizacion de las estrategias diagndsticas del csPCa, llevamos a cabo
un estudio prospectivo y multicéntrico en cohortes pareadas para comparar la eficacia de
las biopsias dirigidas por saturacion de lesiones sospechosas y areas perilesionales frente
al protocolo cldsico que recomienda la obtencion entre 2 y 4 punciones. Nuestros
resultados respaldan el uso de esquemas de biopsia dirigida por saturacion. En particular,
se observd mayor eficacia de biopsia por saturacion. Este incremento fue evidente en
todas las categorias PI-RADS y especialmente en las categorias 4 y 5. Las tasas de
sobredeteccion de iPCa también se redujeron al aplicar el esquema de saturacion.
Finalmente, también se redujo el porcentaje de csPCa identificado exclusivamente en
biopsias sistematicas. Estos hallazgos coinciden con estudios previos en los que se ha
observado un aumento en la tasa de deteccion de csPCa al incrementar el nlimero de
punciones dirigidas (206-208), aunque algunos autores han sefialado que esquemas mas
reducidos podrian ofrecer una eficacia diagndstica comparable en determinados contextos
clinicos (209, 210). En conjunto, la evidencia actual sugiere que la obtencion sistematica
de muestras adicionales en las lesiones sospechosas y areas perilesionales no solo mejora
la sensibilidad diagnoéstica del csPCa, sino que también podria permitir prescindir de las
biopsias sistematicas reduciendo el sobrediagndstico y las complicaciones asociadas al
excesivo numero de punciones. Globalmente existe una tendencia progresiva a utilizar
modelos diagndsticos mas precisos y personalizados en plataformas roboticas y abordajes
transperineal. En consonancia con los hallazgos de ensayos multicéntricos previamente
discutidos, como PROMIS, PRECISION, MRI-FIRST y PAIREDCAP (180-183), se ha
consolidado el valor afiadido de la biopsia dirigida, sin que ello implique, por el momento

abandonar por completo la biopsia sistematica.

Llegados a este punto, nos preguntamos si todas las plataformas que permiten la biopsia
dirigida por fusion entre imagenes de MRI y TRUS a través del abordaje transperineal
permiten igual eficacia para detectar el csPCa. Para ello, se realizd una revision
sistematica que reportd publicaciones de todos los dispositivos aprobados por la FDA 'y
la EMA, con excepcion del sistema Artemis™, que no disponia de publicaciones sobre
su efectividad diagnostica por via transperineal hasta ese momento. Si bien no se

identificaron diferencias relevantes entre las distintas plataformas, los sistemas con
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registro rigido mostraron tasas de deteccion superiores respecto a los de registro elastico,
existiendo una concordancia con los hallazgos de Gortz et al. (86). También observamos
una adopcion creciente de estas plataformas en contextos ambulatorios bajo anestesia
local, como lo demuestran las técnicas descritas por Fletcher et al. (211) y Kaneco et al.
(212). Esta transicion tecnoldgica requiere superar desafios vinculados a la
estandarizacion del proceso de segmentacion prostatica, aun poco documentado, y a la
formacion especifica del operador, factores que inciden directamente en la precision

diagnostica y en la optimizacion de recursos.

La literatura mas reciente contintia analizando el valor afiadido de la biopsia sistematica
en el contexto de las biopsias dirigidas. Si bien algunos estudios, como el de Porpiglia et
al. (205), sugieren que la biopsia dirigida por si sola no es inferior en determinados
escenarios, nuestra revision reveld que en el 9,5% de los casos el csPCa se detectd
unicamente mediante biopsia sistematica, con un rango entre 0,8% y 22,1%. Este hallazgo
subraya la necesidad de una evaluacion cuidadosa y personalizada en cada paciente. La
decision de omitir la biopsia sistematica debe basarse en variables como la experiencia
del operador, el volumen prostatico, la localizacion tumoral y la calidad de la imagen

(185,213,214).

La integracion clinica de las estrategias diagnosticas previamente comentadas requiere de
herramientas capaces de estimar de manera personalizada el riesgo de csPCa antes de
realizar una biopsia y mejorar la seleccion de candidatos. En este contexto, el BCN-MRI
PM ha representa un avance sustancial. Este modelo fue desarrollado a partir de las
variables clinicas predictoras independiente edad, antecedentes familiares de PCa,
existencia de biopsias previas negativas, tacto rectal sospechoso, nivel sérico de PSA, y
las basadas en la MRI volumen prostatico y puntuacion PI-RADS v 2.0, realizdndose la
biopsia por via transrectal con un esquema basado en obtener entre 2 y 4 punciones de las
lesiones sospechosas y/o una biopsia sistematica obteniendo 12 punciones cuando en PI-
RADS fue inferior a 3. Por tanto, el BCN-MRI PM precisa ser validado pacientes con
hiperplasia benigna sintomatica tratados con inhibidores de la 5-alfa reductasa (5-ARI)
que tienen sospecha de PCa, cuando se analiza la MRI con la version 2.1 del PI-RADS,
cuando se utiliza la via transperineal para realizar la biopsia prostatica y una modalidad
de biopsia altamente eficaz basada en la biopsia dirigida a través de un mapping cada 0.5
mm de las lesiones sospechosas y areas perilesionales complementada por biopsia

sistematica.
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El BCN-MRI PM fue validado satisfactoriamente pacientes tratados 5-ARIs. Su
capacidad discriminatoria del csPCa en la cohorte de pacientes tratado con 5-ARIs fue
similar a la de los varones pareados no tratados, con AUC de 0.848 y 0.824,
respectivamente. Este hecho puede justificarse por la homogeneidad del tejido prostatico
inducido por estos farmacos y por la mejor delimitacion de las lesiones sospechosas en la
MRI (163). Al aplicar el modelo con un umbral de sensibilidad del 100%, fue posible
evitar el 25% de las biopsias en esta la cohorte tratada con 5-ARIs. Esta observacion
adquiere especial relevancia ya que los pacientes tratados con 5-ARI suelen presentar
prostatas de mayor volumen, concentraciones de PSA inferiores y perfiles clinicos de bajo
riesgo, lo que dificulta la interpretacion de la MRI. En nuestro estudio, la cohorte de
pacientes tratados con 5-ARIs presentd niveles séricos de PSA similares a los de la
cohorte de varones no sometidos al tratamiento. Este hallazgo estuvo en consonancia con
estudios previos en los que también se reportaron valores de PSA sérico comparables
(215, 216). El estudio PROMOD, que incluy6 a mas de 7.600 pacientes, evidenci6 que el
PSA medio en los pacientes tratados con 5-ARIs fue 6,0 ng/mL frente a 6,5 ng/mL en los
no tratados (217). Este resultado contrasta con la recomendacion clinica de monitorizar
el PSA tras alcanzar el nadir en el primer afio de tratamiento y considerar sospechoso
cualquier incremento confirmado superior a 0,3 ng/mL (218). Por tanto, seria necesario
un seguimiento mas estricto del PSA en pacientes tratados con 5-ARI, a fin de evitar
retrasos en el diagnostico de tumores de alto grado (219). Desde el punto de vista
radioldgico, el estudio MAPPED aportd datos preliminares sobre el efecto de la
exposicion a dutasteride durante seis meses, observandose un aumento del coeficiente de
difusion aparente (ADC) y una menor visibilidad tumoral en las secuencias de difusion
(DWI), sin cambios en las imagenes en T2 (220). Estos hallazgos abren la posibilidad de
que los 5-ARI puedan mejorar la diferenciacion entre tejido benigno y tumoral en la zona
periférica (221), aunque la evidencia sobre su impacto en la clasificacion PI-RADS y su
correlacion con la deteccion de csPCa sigue siendo limitada y contradictoria (222).
Falagario et al. informaron que el uso de 5-ARI no afecta la asociacion entre PI-RADS y
csPCa, aunque si observaron una mayor frecuencia de tumores de alto grado en usuarios

con PI-RADS 5 (217).

Ya que actualmente se recomienda utilizar la v 2.1 del PI-RADS y la via transperineal
para realizar las biopsias protaticas, y el BCN-MRI PM fue desarrollados en una cohorte

en la que la MRI se reportdé con el PI-RADS v 2.0 y la biopsia rearealizd por via
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transrectal, se llevd a cabo una nueva validacién del modelo BCN-MRI PM en varones
con sospecha de PCa sometidos a biopsia transperineal, utilizando el sistema PI-RADS
v2.1 (55). La capacidad discriminatoria del BCN-MRI PM fue comparable en ambos
abordajes, con un area bajo la curva (AUC) de 0,830 para la via transperineal y de 0,847
para la transrectal. Ademads, el analisis de las curvas de decision clinica mostré que el
modelo proporciona un beneficio neto en umbrales de riesgo entre el 10% y el 15%,
superando la estrategia convencional de biopsiar a todos los varones con sospecha de PCa
y MRI con PI-RADS > 3. Es importante destacar que, en este estudio de validacion, la
tasa de deteccion de csPCa fue del 45,9% para la via transperineal y del 41,7% para la via
transrectal. La posibilidad que ofrece el BCN-MRI PM de seleccionar diferentes umbrales
de riesgo lo convierte en una herramienta flexible y adaptativa, capaz de ajustarse tanto a
distintas vias de abordaje como a diversos entornos clinicos (223). De hecho, el umbral
requerido para alcanzar una sensibilidad del 95% fue mas alto en la via transperineal, lo
que subraya su capacidad de individualizacion segln la técnica empleada, constituyendo

una ventaja relevante para su aplicacion practica.

Finalmente, el BCN-MRI PM ha sido validado satisfactoriamente en una cohorte de
varones con sospecha de PCa evaluados mediante el PI-RADS v 2.1 y sometidos a biopsia
transperineal con un protocolo que incluy6 un mapeo con cilindros obtenidos cada 0.5
mm de las lesiones sospechosas y sus areas perilesionales, ademas de una biopsia
sistematica de 12 cilindros. En este contexto técnico mas exigente, se observo una tasa de
deteccion global de csPCa del 58,3%, muy superior a la registrada en la cohorte de
desarrollo (36,9%) y en la validacion externa inicial (40,8%). A pesar de las diferencias
entre las cohortes respecto a la edad, niveles séricos de PSA, volumen prostatico,
hallazgos en el tacto rectal, proporcion de pacientes con biopsia previa negativa y
distribucion segun de las categorias PI-RADS, el modelo mantuvo un rendimiento
discriminativo del csPCa robusto mostrando un AUC de 0.862, comparable o incluso
superior al observado en validaciones previas (225-227). Al analizar los resultados por
categoria PI-RADS segtin la version 2.1, el rendimiento del modelo se confirma como
clinicamente util. En pacientes con PI-RADS 3, la tasa de deteccion de csPCa alcanzo el
33%, en comparacion con el 16% (IC 95%: 7-27) reportado en el metaanalisis de Oerther
et al. (224). En las categorias PI-RADS 4 y 5, las tasas de deteccion fueron del 80% y
87,4%, respectivamente, que fueron superiores al 59% y 85%, reportados previamente.

Estos hallazgos refuerzan la capacidad del BCN-MRI PM para identificar correctamente

221



a los varones con mayor riesgo de csPCa, incluso bajo condiciones técnicas de
incorporacion reciente y escenarios clinicos de mayor complejidad. El BCN-MRI PM
permitié establecer umbrales de riesgo especificos segin la categoria PI-RADS. En
varones con PI-RADS 2, un umbral del 11% permitid evitar el 78,1% de las biopsias sin
dejar de identificar ningiin csPCa. En PI-RADS 3, se logrd evitar el 40% de las biopsias
utilizando un umbral del 10%, con una pérdida diagnodstica limitada (3% del total de
csPCa). En cambio, en PI-RADS 4 y 5 no se identificaron umbrales clinicamente seguros
que permitieran evitar la biopsia sin riesgo de omitir casos con csPCa. Las curvas de
decision clinica confirmaron que el BCN-MRI PM proporciona un beneficio neto a partir
de umbrales de riesgo cercanos al 12%. Ademas, al aplicar el umbral que determind del
95% de sensibilidad, fue posible evitar el 24,9% de biopsias sin comprometer la deteccion
de csPCa, lo cual representa una mejoria respecto al 23,7% alcanzado en la validacion
inicial (163). Estos resultados sugieren que el BCN-MRI PM conserva su eficacia
diagnostica en contexto en el que se utiliza la v 2.1 del PI-RADS y una biopsia por mapeo

en un protocolo de biopsia umbra-penumbra con abordajes transperineal.

Limitaciones del proyecto

Este enfoque escalonado basado en modelos de riesgo ha demostrado ser mas
eficiente que esquemas previos, como el propuesto por Remmers et al., que utiliza la
aplicacion secuencial de la calculadora de riesgo de Rotterdam (228). Sin embargo, es
fundamental reconocer las limitaciones de la validacion realizada. En primer lugar, la
definicion de csPCa se basa en los resultados de la biopsia, los cuales pueden subestimar
el verdadero grado tumoral. Ademas, la naturaleza multicéntrica del estudio podria haber
introducido cierta variabilidad entre las distintas series, incluyendo diferencias en la

calidad de las imagenes de resonancia magnética empleadas.

Nuestro proyecto, a pesar de haberse llevado a cabo sobre una amplia cohorte y
multicéntrica de mas de 4.000 varones con sospecha de PCa, evaluados en el marco del
programa catalan de diagnostico precoz de csPCa, presenta limitaciones que impiden
clasificar sus hallazgos con un nivel de evidencia tipo I (229). No se realizd6 una
asignacion aleatoria, lo que implica una posible influencia de variables confusoras. Para

mitigar este sesgo, en algunos de los analisis requirieron de grupos pareados.

222



Si bien los 10 centros participantes aplicaron criterios homogéneos de sospecha clinica
de PCa, existieron divergencias en sus protocolos de diagnostico. Estas diferencias, sin
embargo, fueron aprovechadas como una oportunidad para efectuar comparaciones entre
estrategias diagnosticas. En todos los casos se emple6 una definicién consensuada de
csPCa, definida por un ISUP grupo de grado igual o superior a 2. Aun asi, es ampliamente
conocido que la valoracion del ISUP-GG en la biopsia puede no refleja adecuada mente
la agresividad real del tumor, con tasa relevantes de infragradacién cuando se analiza la

glandula prostatica completa tras una prostatectomia radiacal.

Por ultimo, cabe sefialar que los modelos predictivos enfrentan el desafio permanente de
adaptarse a los cambios en las caracteristicas poblacionales y a las modificaciones
diagnosticas. Esta necesidad de actualizacion continua limita su aplicabilidad universal,
especialmente en contextos clinicos para los cuales no han sido especificamente
validados. La imposibilidad actual de adaptar los modelos predictivos en redes federadas
en tiempo real constituye una restriccion importante para su uso amplio y mantenido a

pesar de su indudable utilidad clinica.

Entre las limitaciones de esta tesis debe considerarse que la mayoria de los estudios
incluidos presentan un disefio observacional, lo que limita la capacidad para establecer
relaciones causales definitivas. Asimismo, la naturaleza multicéntrica de gran parte de las
cohortes analizadas introduce una heterogeneidad inherente relacionada con la seleccion
de pacientes, la interpretacion de la resonancia magnética, las plataformas de fusion
utilizadas y las técnicas de biopsia empleadas. Por otra parte, la estrategia diagnostica
propuesta depende en gran medida de la experiencia radioldgica y de la disponibilidad de
recursos tecnologicos especificos, especialmente en lo referente a la interpretacion
experta de la resonancia magnética prostatica y a la realizacion de biopsias transperineales
dirigidas mediante protocolos de saturacion. En consecuencia, la extrapolacion de estos
resultados a centros con menor experiencia o diferente infraestructura tecnologica debe
realizarse con cautela. No obstante, la consistencia de los hallazgos observados en
distintos escenarios clinicos y cohortes de pacientes respalda la solidez de las

conclusiones alcanzadas.
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Figura 5. Estrategia integrada propuesta para la optimizacion del diagndstico precoz del

cancer de prostata clinicamente significativo.
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8. CONCLUSIONES






1. La lectura experta de la MRI mejora la clasificacion de las lesiones evaluadas con el
PI-RADS v 2.1 permitiendo reducir el numero de biopsias prostaticas innecesarias sin

comprometer la deteccion del csPCa.

2. La biopsia prostatica sistematica tiene un valor residual cuando se utiliza un modelo
predictivo especifico, desarrollado a partir de la edad, volumen prostatico, potencia de la
MRI, categoria del PI-RADS, técnica de fusion de imagenes y via de abordaje de la

biopsia.

3. El abordaje transperineal para realizar la biopsia prostatica mejora la deteccion del

csPCa respecto de la via transrectal, especialmente en localizaciones anterior y apical.

4. El protocolo de biopsia por saturacion mediante mapping cada 0.5 mm, dirigido a las
lesiones sospechosas, incluida la lesion indice y sus areas perilesionales, mejora la
deteccion del csPCa en comparacion con el protocolo estdndar basado en la obtencion de
dos a cuatro cilindros por lesion. Ademas, permite omitir la biopsia del resto de las
lesiones sospechosas y la biopsia sistematica, con una pérdida diagnostica de csPCa
inferior al 5%, y demuestra una mayor eficiencia global que el protocolo convencional

recomendado.

5. La revision sistematica de la literatura, realizada para evaluar las plataformas que
permiten realizar biopsias por fusion de imagenes MRI-TRUS por via transperineal,
sugiere mayor eficacia clinica de aquellas que utilizan registro de imagen rigido frente a
las que utilizan registro elastico. La complementariedad de las biopsias sistematicas se

sugiere en todas las plataformas analizadas.

6. El BCN-MRI PM ha sido validado satisfactoriamente en pacientes con sospecha de
PCa sometidos a tratamiento con 5-ARI, cuando se utiliza el PI-RADS v 2.1, la via de
abordaje transperineal, y un protocolo de biopsias dirigidas mediante mapping cada 0.5

mm de lesiones sospechosas y areas perilesionales.
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9. LINEAS DE FUTURO






Esta tesis doctoral se enmarca en la linea de investigacion en cancer de prostata
del Grupo de Investigacion en Urologia del Instituto de Investigacion Vall d’Hebron
(VHIR), donde desde hace mas de una década se desarrollan proyectos sobre el

diagnostico precoz del csPCa.

Hasta el momento, se ha recibido financiacion del Instituto de Salut Carlos III y co-
financiacion por el Fondo Europeo para el Desarrollo Regional “Un camino para hacer
Europa” (P120/01666). Red Federada para Acelerar la Aplicacion de la Inteligencia
Artificial en el Sistema Sanitario Espafiol (TARTAGLIA), Ministerio de Asuntos
Econémicos y Transformacion Digital (MIA. 2021.M02.0005). Federated Learning and
mUlti-party computation Techniques for prostatE cancer (FLUTE), European
Commission Horizon Europe (HORIZON-HLTH-2022-IND-13-02-101095382).

A partir de estos proyectos ya se han presentado dos tesis doctorales y otras dos estan en
desarrollo. A partir de los hallazgos de nuestro proyecto de tesis doctoral, se plantean las

siguientes lineas de futuro:

1. Validacion de la integracion de los aspectos metodoldgicos analizados en nuestra tesis
para optimizar el diagndstico precoz del csPCa. Idealmente, se requerird la realizacion de
un ensayo clinico prospectivo, randomizado y multicéntrico entre centros que integren
los avances de nuestro estudio (grupo estudio) y otros centros donde no estén integrados

estos avances (grupo control).

2. Desarrollo de una validacion in situ y en tiempo real del BCN-MRI PM. Los modelos
predictivos actuales, basados en regresion logistica, ofrecen predicciones estaticas
aplicables Unicamente a las cohortes de desarrollo y requieren validaciones externas
complejas en cada escenario nuevo donde vayan a implementarse. La integracion de
algoritmos de aprendizaje automatico en redes federadas representa una solucion
innovadora que permitiria retroalimentar localmente el modelo con nuevos datos
generados en cada centro participante, posibilitando una evolucion diferenciada del
modelo en cada nodo de la red y validaciones automaticas, dindmicas y descentralizadas.
La utilizacion de algoritmos de aprendizaje automatico en el contexto de redes federadas
debe permitir la retroalimentacion local del algoritmo con nuevos casos en la red. A través
de esta retroalimentacion especifica el modelo tendrd una diferente evolucion, en cada

lugar, validandose en cada uno de los nodos de participacion en la red federada.
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3. Comparacion entre la regresion logistica y algoritmos de aprendizaje automatico en el
desarrollo de modelos predictivos que no utilizan megadatos. Se comparara la efectividad
clinica del BCN-MRI PM desarrollado mediante algoritmos de aprendizaje regresion
logistica tradicional. Este andlisis permitira establecer si la complejidad adicional de los

modelos no lineales se traduce en un beneficio clinico real.

4. Definir la aportacion del andlisis radiomico de las MRI prostaticas respecto de la
clasificacion PI-RADS v 2.1. Si se confirma la superioridad de la radiémica respecto del
PI-RADS (establecido visualmente por radidlogos) el BCN-MRI PM, ahora si deberia
desarrollarse a través de un algoritmo aprendizaje automatico ya que el andlisis de
texturas de la MRI reportard un conjunto de bigdata no evaluable mediante regresion
logistica. Sera necesario también analizar si el modelo radidmico se complementa con el

PI-RADS y mejora al considerar variable clinicas.

5. Respecto de la evaluacion de la agresividad tumoral del PCa y la definicion bioldgica
del csPCa, los andlisis multidmicos deberian reportar datos para mejorar su definicion
actual, basada en la clasificacion del grado de diferenciacion glandular, descrito por

Gleason en 1974.

6. Definir un nuevo modelo organizado de riesgo que permita mejorar el arbol de
decisiones basado la secuencia del BCN-PM 1 y 2, a través de algoritmos de inteligencia
artificial para que integren los megadatos procedentes de los andlisis radidomicos y

multiomicos que definan el csPCa.

7. Definir el protocolo més eficaz y menos agresivo de biopsia prostatica. En una
perspectiva de futuro prevemos que diagnostico precoz del PCa y su agresividad puedan
establecerse a través de la imagen (Ga®PSMA-PET-MRI) y datos clinicos analizados

mediante inteligencia artificial sin ser necesaria la biopsia prostatica.

8. Las futuras lineas de investigacion deberan centrarse en la validacion prospectiva de la
estrategia diagndstica integrada propuesta en esta tesis dentro de programas asistenciales
reales, evaluando su impacto sobre la toma de decisiones clinicas y los resultados
oncologicos. Asimismo, seran necesarios estudios de coste-efectividad que permitan
determinar el beneficio econémico derivado de la utilizacion de modelos predictivos
basados en MRI, la reduccion de biopsias innecesarias y la optimizacion de los recursos
diagnésticos. Del mismo modo, resultara fundamental realizar validaciones externas

internacionales que confirmen la reproducibilidad de estos hallazgos en diferentes

232



sistemas sanitarios y poblaciones. Finalmente, se precisan estudios con seguimiento a
largo plazo de aquellos pacientes en los que el BCN-MRI PM recomiende la omision de
la biopsia prostatica, con el objetivo de confirmar la seguridad oncoldgica de esta

estrategia.
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INFORME DEL COMITE DE ETICA DE INVESTIGACION CON MEDICAMENTOS Y
COMISION DE PROYECTOS DE INVESTIGACION DEL HOSPITAL UNIVERSITARI
VALL D’HEBRON

Sra. Mireia Navarro Sebastian, Secretaria del COMITE DE ETICA DE
INVESTIGACION CON MEDICAMENTOS del Hospital Universitari Vall d’Hebron,

CERTIFICA

Que el Comité de Etica de Investigacion con Medicamentos del Hospital Universitario
Vall d’'Hebron, en el cual la Comision de proyectos de investigacion esta integrada, se
reunido en sesion ordinaria n° 475 el pasado 12/02/2021 y evalud el proyecto de
investigacion PR(AG)02/2021 , presentado por el promotor VALL D'HEBRON
INSTITUT DE RECERCA (VHIR), titulado “Prediccion de la agresividad del cancer de
prostata a través de radiogendémica e inteligencia artificial (FIS P120/01666)” que tiene
como investigador principal al Dr. Joan Morote Robles del Servicio de Urologia de

nuestro Centro.

Version de documentos:

Memoria de Proyecto version 1 del 12/02/2020
HIP/CI version 1.0 del 08/12/2020
Solicita dispensa ClI version con fecha 14/12/2020
Solicitud de evaluacién CEIm version 1 del 04/12/2020

Y que tras evaluar la documentacion recibida posteriormente por el promotor en
respuesta al informe de dicha reunién, emite la siguiente resolucion:

Aprobado

263



® Vall
® d’Hebron

Barcelona

El Comité tanto en su composicion como en los PNT cumple con las normas de BPC
(CPMP/ICH/135/95) y con el Real Decreto 1090/2015, y su composicion actual es la
siguiente:

Presidente:
- SOLEDAD GALLEGO MELCON - Médico
Vicepresidente:
- JOAN SEGARRA SARRIES - Abogado
Secretario:
- MIREIA NAVARRO SEBASTIAN - Quimica
Vocales:
- LLUIS ARMADANS GIL - Médico
- FERNANDO AZPIROZ VIDAUR - Médico
- VALENTINA BALASSO - Médico
- INES M DE TORRES RAMIREZ - Médico
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- JAUME GUARDIA MASSO - Médico
- JUAN CARLOS HORTAL IBARRA - Profesor de Universidad
- MARIA LUJAN IAVECCHIA - Médico Farmacologo
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- JUDITH SANCHEZ RAYA - Médico
- MARTA SOLE ORSOLA - Personal de Enfermeria
- PILAR SUNE MARTIN - Farmaceéutica Hospital
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- ESTHER CUCURULL FOLGUERA - Médico Farmacélogo
- GLORIA GALVEZ HERNANDO - Personal de Enfermeria
- ORIOL ROCA GAS - Médico
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En dicha reunion del Comité de Etica de Investigacion con Medicamentos se cumplié el
quérum preceptivo legalmente.

En el caso de que se evalie algun proyecto del que un miembro sea
investigador/colaborador, éste se ausentara de la reunion durante la discusiéon del
proyecto.

MIREIA NAVARRO | e et o
SEBASTIAN Fecha: 2021,02.19 1435:36
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Sra. Mireia Navarro Sebastian
Secretaria técnica CEIM HUVH
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