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4Kscore: 4-kallikrein panel

5-ARls: 5-alpha reductase inhibitors

AUC: area under the curve

BCR: biochemical recurrence

CsPCa: clinically significant prostate cancer

CT: computed tomography
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DRE: digital rectal examination
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fPSA: percentage of free prostate-specific antigen
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PHI: Prostate Health Index

PI-RADS: Prostate Imaging-Reporting Data System



PPV: positive predictive value

PSA: Prostate-specific antigen

PSAD: Prostate-specific antigen density
PV: prostate volume
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SUMMARY

1.1 INTRODUCTION

Early detection of clinically significant prostate cancer (csPCa) decreases the
specific mortality of the disease. The initial suspicion of PCa is based on an elevation of
serum prostate-specific antigen (PSA) and/or an abnormal digital rectal examination
(DRE), and requires further confirmation with prostate biopsy. Nonetheless, this current
diagnostic approach often leads to a high rate of unnecessary prostate biopsies and an
overdetection of insignificant PCa. Proclarix is a recently introduced blood-based marker
that provides a risk score for the detection of csPCa (ranging from 0 to 100%) based on
the serum determination of Thrombospondin-1, Cathepsin D, total prostate-specific
antigen (PSA) and free PSA, in addition to age. This new test has been developed and
validated to differentiate men without PCa or insignificant PCa from those with csPCa
with serum PSA between 2 and 10ng/mL, prostate volume > 35mL and normal DRE. We
aimed to assess the clinical value of incorporating Proclarix into the diagnostic pathway
along with multiparametric magnetic resonance imaging (mpMRI) and determine its
potential for improving the selection of appropriate candidates for prostate biopsies.
Finally, it is also needed to assess the relationship between Proclarix and the

aggressiveness of PCa.

1.2. HYPOTHESIS

Proclarix is a new tumor marker developed with the aim of enhancing the early
detection of clinically significant prostate cancer. It reduces the demand of
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multiparametric magnetic resonance imaging in men with suspicion of PCa and improve
the selection of candidates for prostate biopsy. It is also correlated with PCa

aggressiveness.

1.3. OBJECTIVES

To contrast the hypotheses proposed in the previous section, we defined the
following main objective:
- Toinvestigate the clinical utility and effectiveness of Proclarix in men with
suspected csPCa before and after mpMRI.
Moreover, we also proposed the following secondary objectives:

1. To analyze through a systematic review of the literature, how Proclarix was
discovered, its characteristics, and the clinical development until the beginning
of this project.

2. Toevaluate the role of Proclarix in reducing the number of unnecessary prostate
biopsies in men with suspected PCa.

3. To compare the performance of Proclarix with PSA density and the Rotterdam-
MRI risk-calculator in identifying suitable candidates for prostate biopsy.

4. To analyze the relationship between Proclarix and PCa aggressiveness.

1.4. MATERIALS AND METHODS

The current doctoral is being presented as a compendium of seven publications.

14
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The first publication consisted on a systematic review of the literature and aimed
to analyze the current clinical utility of Proclarix for the diagnosis of csPCa. A
bibliographic search in PubMed, Cochrane and Trip databased was carried out by two
independent reviewers. The Medical Subject Heading (MeSH) terms ‘prostate’,
‘Thrombospondin-1’, ‘Cathepsin-D’ and ‘Proclarix’ were used. The Preferred Reporting
Iltems for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and the
Population, Intervention, Comparison and Outcomes (PICO) selection criteria were
followed. The Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) tool was
used to analyze the quality of the included studies. Finally, four articles were included
to analyzed the clinical usefulness of Proclarix.

Publications from two to seven analyzed a cohort of 751 men with suspected PCa
from two European centers. A prospectively constructed database and a collection of
frozen serum samples were used. In case of Vall d’"Hebron, 606 men were recruited

(https://biobancos. lIsciii.es/; Reference collection: 0003439). Database and frozen

serums of 159 participants in the INNOVATE study were provided by the University
College of London (UCL). The inclusion criteria were men with serum PSA levels >
3ng/mL and/or abnormal DRE, who were scheduled for a 3-tesla mpMRI prior to
prostate biopsy. Biopsies were performed from 15 January 2018 to 20 March 2020 in
Vall d’'Hebron University Hospital and from April 2016 to December 2019 in UCL. Men
with PCa on active surveillance and those with symptomatic benign prostatic
hyperplasia treated with 5- a-reductase inhibitors were excluded. In the original UCL
cohort (n =291) most men with non-suspicious mpMRI results (n = 132) did not undergo

biopsy and were thus not included in this study.
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The aggressiveness of PCa was assessed from four available surrogate endpoints:
the grade group (GG) in prostate biopsies, the clinical stage, the risk of biochemical of
localized PCa and the type of pathology in surgical specimen. The GG was defined by the
International Society of Urological Pathology categories. The Tumor-Node-Metastasis
(TNM) system was used for clinical staging (cT based on DRE, whereas cN and cM were
established with computed tomography and 99-technetium bone scintigraphy). The risk
of biochemical recurrence of localized PCa after primary treatment was defined by
combining PSA, GG, and cT, following D'Amico risk group classification criteria. Finally,
an unfavorable pathology in a surgical specimen was defined as GG > 2 or pT > 3.

Our study was conducted in line with Good Clinical Practice guidelines and the
ethical principles laid down in the latest version of the Declaration of Helsinki (2013).
Before inclusion, all participants signed a written informed consent about the collection

and storage of material and personal data in accordance with national bylaws.

1.5. RESULTS

The systematic review of the literature reported that initial studies have shown
potential benefit of Proclarix in patients with specific characteristics (PSA levels between
2 and 10ng/mL, normal DRE and prostate volume > 35mL).

The second publication demonstrated that Proclarix can be used be used in all
men with suspected PCa, regardless of their serum PSA levels or prostate volume. The
area under the curve was similar in patients with serum PSA between 2 and 10ng/mL,
normal DRE and prostate volume > 35mL, and those without these specific

characteristics (0.701 (95% C1 0.637 — 0.765) and 0.754 (95% Cl 0.701 - 0.807), p = 0.038.
16
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By incorporating Proclarix into a diagnostic algorithm along with serum PSA and DRE,
using a 10% threshold, a decrease of 25.4% in requests of mpMRI was observed.
Additionally, unnecessary prostate biopsies were reduced by 17.7% with a 2.6% of csPCa
misdiagnosis.

The third publication reported that Proclarix outperformed the Rotterdam-MRI-
risk-calculator and PSA density in the detection of csPCa in men with PI-RADS < 3 lesions
on mpMRI. Nonetheless, no tool guaranteed 100% detection of csPCa in PI-RADS 4 and
5 lesions. These findings were consistent with the results reported in the fourth and fifth
publications in which Proclarix successfully reduced 21.3% of unnecessary prostate
biopsies in men with PI-RADS 3 lesions without missing any cases of csPCa. In contrast,
PSA density avoided 26.3% but misdiagnosed 16% of csPCa, and the MRI-Rotterdam-
risk-calculator reduced the number of unnecessary prostate biopsies by 7.1% while
missing 4% of csPCa. Thus, Proclarix demonstrated a better performance than PSA
density and the Rotterdam-MRI-risk-calculator in the selection of candidates for
prostate biopsy, especially in men with PI-RADS 3 lesions.

The sixth publication analyzed the combination of Proclarix, mpMRI and prostate
volume, resulting in a reduction of two-thirds of unnecessary prostate biopsies. The
Proclarix-MRI model exhibited a sensitivity of 90% for detecting csPCa with a negative
predictive value of 90% and a positive predictive value of 66%. Notably, the Proclarix-
MRI model demonstrated a significantly higher specificity (68%, p <0.001) compared to
the MRI-Rotterdam risk-calculator (51%), Proclarix (27%) or mpMRI (28%) alone.

The last publication reported a correlation between Proclarix and the four
surrogates of aggressiveness of PCa (GG, the clinical stage, the risk of biochemical

recurrence and the pathology in the surgical specimen).
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1.6. CONCLUSIONS

Proclarix is a recently approved CE-test that provides the risk of csPCa and can be
used in all men with suspected PCa without restrictions on serum PSA or prostate
volume. Moreover, Proclarix was able to reduce the number or prostate biopsies in
patients with suspected PCa before and after mpMRI. Thus, combining Proclarix with
mpMRI has been shown to increase the efficacies of both mpMRI and Proclarix alone. In
men with negative mpMRI (PI-RADS < 3), Proclarix demonstrated a 100% sensitivity in
the detection of csPCa and was able to avoid one third of prostate biopsies. On the other
hand, patients with a positive mpMRI, Proclarix demonstrated the ability to reduce
unnecessary prostate biopsies by 43%. In the most challenging scenario of lesions PI-
RADS 3, Proclarix was able to reduce 21.3% of unnecessary prostate biopsies without
missing any csPCa. Compared to other prediction tools such as PSA density and the
Rotterdam-MRI-risk-calculator, Proclarix was found to be more effective in the

detection of csPCa. Lastly, Proclarix was correlated with PCa aggressiveness.
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RESUMEN

1.1 INTRODUCCION

La deteccidén temprana del cancer de préstata (CaP) clinicamente significativo
disminuye la mortalidad especifica de la enfermedad. La sospecha inicial del CaP se basa
en un aumento del antigeno prostatico especifico (prostate-specific antigen, PSA) y/o
un tacto rectal anormal, y requiere de confirmacidn adicional con una biopsia prostatica.
Sin embargo, este enfoque diagndstico actual a menudo conduce a una alta tasa de
biopsias de prdstata innecesarias y a una sobre deteccién de CaP insignificante. Proclarix
es un marcador que proporciona el riesgo de deteccion del CaPcs (del 0 al 100%) basado
en la determinacion sérica de Trombospondina-1, Catepsina D, PSA total y PSA libre,
ademas de la edad. Este nuevo test se ha desarrollado y validado para diferenciar
varones sin CaP o con CaP insignificante de aquellos con CaPcs que tengan unos valores
de PSA sérico entre 2 y 10ng/mL, un volumen prostatico = 35mLy un tacto rectal normal.
Nuestro objetivo fue evaluar el valor clinico de incorporar Proclarix en el algoritmo
diagndstico del CaP junto con la resonancia magnética multiparamétrica (RMNmp) y
determinar su potencial de cara a mejorar la seleccién de candidatos apropiados para la
realizaciéon de biopsias prostaticas. Por ultimo, también quisimos evaluar la relacion

entre Proclarix y la agresividad del CaP.

1.2. HIPOTESIS

Proclarix es un nuevo marcador desarrollado con el objetivo de mejorar la
deteccion precoz del cancer de proéstata clinicamente significativo. Reduce la necesidad
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de realizar resonancias magnéticas multiparamétricas en varones con sospecha de CaP
y mejora la seleccidén de candidatos para la realizacidn de biopsias prostaticas. También

esta correlacionado con la agresividad del cancer de prostata.

1.3. OBJETIVOS

Para contrarastar las hipdtesis propuestas en la seccion anterior, definismo el
siguiente objetivo principal:
- Investigar la utilidad clinica y efectividad de Proclarix en varones con
sospecha de cancer de proéstata clinicamente significativo antes y
después de la RMNmp.
Ademads, también propusimos los siguientes objectivos secundarios:

1. Analizar mediante una revisidn sistematica de la literatura como se descubrio
Proclarix, sus caracteristicas y su desarrollo clinico hasta el inicio de este
proyecto.

2. Evaluar el papel de Proclarix en la reduccion del nimero de biopsias de prostata
innecesarias en varones con sospecha de cdncer de prostata.

3. Comparar el rendimiento de Proclarix con la densidad de PSAy la calculadora de
riesgo de Rotterdam-RMNmp para identificar aquellos candidatos adecuados
para la realizacién de biopsias de proéstata.

4. Analizar la relacidn entre Proclarix y la agresividad del cancer de prdstata
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1.4. MATERIAL Y METODOS

La presente tesis doctoral se presenta como un compendio de siete
publicaciones.

La primera publicacién consistié en una revision sistematica de la literatura con
el objetivo de analizar la utilidad clinica actual de Proclarix para el diagndstico del CaP
clinicamente significativo. Se llevé a cabo una busqueda bibliografica en las bases de
datos de PubMed, Cochrane y Trip por dos revisores independientes, utilizado los
siguientes términos MeSH (Medical Subject Heading): "préstata”, “Trombospondina-1”,
“Catepsina D” y “Proclarix”. Se siguieron las pautas PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) y los criterios de seleccion PICO (Population,
Intervention, Comparison and Outcomes). La herramienta QUADAS-2 (Quality
Assessment of Diagnotic Acurracy Studies 2) fue utilizada para analizar la calidad de los
estudios incluidos. Finalmente, cuatro articulos cumplieron los criterios de selecciéon y
fueron incluidos en la revision sistematica.

Las publicaciones de la dos a la siete analizaron una cohorte de 751 varones con
sospecha de CaP en dos centros europeos. Se utilizé una base de datos creada
prospectivamente y una coleccion de muestras de suero congeladas. En el Hospital

Universitario Vall d’Hebron, se reclutaron 606 varones (https://biobancos. Isciii.es/;

Referencia de la coleccién: 0003439). La base de datos y los sueros congelados de 159
participantes del estudio INNOVATE, fueron proporcionados por la University College of
London (UCL). Los criterios de inclusion fueron varones con niveles de PSA sérico >
3ng/mL y/o Un tacto rectal anormal, programados para una RMNmp previa a la biopsia
prostatica. Las biopsias se realizaron desde el 15 de enero de 2018 hasta el 20 de marzo

de 2020 en el Hospital Universitario Vall d’"Hebron y desde abril de 2016 hasta diciembre
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de 2019 en UCL. Se excluyeron aquellos varones bajo vigilancia activa y aquellos con
hiperplasia prostatica benigna sintomatica tratada con inhibidores de la 5-a-reductasa.
En la cohorte original de UCL (n = 291), la mayoria de los hombres con resultados de
mpMRI no sospechosos (n = 132), no se sometieron a biopsia y, por lo tanto, no se
incluyeron en este estudio.

La agresividad del CaP se evalud a partir de cuatro subrogados: el grupo de grado
(GG) de la biopsia prostatica, el estadio clinico, el riesgo de recurrencia bioquimica del
CaP localizado y el tipo de patologia de la pieza quirurgica. El GG fue definido por las
categorias de la sociedad internacional de patologia uroldgica (International Society of
Urological Pathology, ISUP). Se utilizd el sistema tumor, ganglio linfatico, metastasis
(Tumor-Node-Metastasis) para la clasificacién clinica (cT basado en el tacto rectal,
mientras que cN y cM se establecieron con la tomografia computarizada y la
gammagrafia ésea con tecnecio-99). El riesgo de recidiva bioquimica del CaP localizado
después de tratamiento primario, se determiné combinando el PSA, el GG y el cT, segln
los criterios D’Amico. Finalmente, una patologia desfavorable de la pieza quirurgica fue
definida como un GG > 2 o un pT 2 3.

Nuestro estudio se llevé a cabo de acuerdo con las pautas de buenas practicas
clinicas y los principios éticos establecidos en la ultima versidon de la Declaracién de
Helsinki (2013). Antes de la inclusién, todos los participantes firmaron un
consentimiento informado por escrito sobre la recoleccion y almacenamiento de

material y datos personales de acuerdo con las leyes nacionales.
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1.5. RESULTADOS

La revisidn sistemdtica de la literatura reportd que los estudios iniciales
demostraron un beneficio inicial de Proclarix en aquellos pacientes con caracteristicas
especificas (valores de PSA entre 2 y 10ng/mL, un tacto rectal normal y un volumen
prostatico > 35mL).

La segunda publicacién demostrd que Proclarix puede ser utilizado en todos los
varones con sospecha de CaP, independientemente de los niveles de PSA sérico y del
volumen prostatico. El drea bajo la curva fue similar en pacientes con niveles de PSA
sérico entre 2 y 10ng/mL, un tacto rectal normal y un volumen prostatico > 35mL, y
aquellos sin estas caracteristicas especificas (0.701 (IC 95% 0.637 — 0.765) y 0.754 (IC
95% 0.701 —0.807), p = 0.038. Al incorporar Proclarix en un algoritmo diagnédstico junto
con PSA séricoy el tacto rectal, utilizando el umbral del 10%, se observé una disminucién
del 25.4% en las solicitudes de RMNmp. Ademas, las biopsias de préstata innecesarias
se redujeron en un 17.7% con un 2.6% de diagndsticos erréneos de CaP clinicamente
significativo.

En la tercera publicacidn se evidencidé que Proclarix superd a la calculadora de
riesgo de Rotterdam-RMN y a la densidad de PSA en la deteccidn del CaP clinicamente
significativo en varones con lesiones PI-RADS < 3 en la RMNmp. Sin embargo, ninguna
herramienta garantizé una deteccion del 100% de CaP clinicamente significativo en
lesiones PI-RADS 4 y 5. Estos hallazgos fueron consistentes con los resultados
informados en la cuarta y quinta publicaciones, en las cuales Proclarix redujo con éxito
un 21.3% de biopsias prostdticas innecesarias en varones con lesiones PI-RADS 3 sin

dejar de diagnosticar ningln caso de CaP clinicamente significativo. Por otro lado, la
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densidad de PSA evitd un 26.3% pero diagnosticé erroneamente un 16% de CaP
clinicamente significativo, y la calculadora de riesgo de Rotterdam-RMN redujo el
numero de biopsias de préstata innecesarias en un 7.1% dejando de diagnosticar un 4%
de CaP clinicamente significativo. Por lo tanto, Proclarix demostré un mejor rendimiento
gue la densidad de PSA y la calculadora de riesgo Rotterdam-RMN en la seleccién de
candidatos para las biopsias prostaticas, especialmente en aquellos varones con
lesiones PI-RADS 3.

La sexta publicacién analizé la combinacién de Proclarix, RMNmp y el volumen
prostatico, objetivando una reduccidn de dos tercios de las biopsias de préstata
innecesarias. El modelo Proclarix-RMN exhibié una sensibilidad del 90% para detector
el CaP clinicamente significativo con un valor predictivo negativo del 90% y un valor
predictivo positivo del 66%. Notablemente, el modelo Proclarix-RMN demostré una
especificidad significativamente mayor (68%, p <0.001) en comparacién con la
calculadora de riesgo de Rotterdam-RMN (51%), Proclarix (27%) o RMNmp (28%) por si
solo.

La dltima publicacion informé sobre una correlacidn entre Proclarix y los cuatro
subrogados de la agresividad del CaP (GG, el estadio clinico, el riesgo de recurrencia

bioquimica y la patologia de la pieza quirurgica).

1.6. CONCLUSIONES

Proclarix es un test recientemente aprobado por la Conformité Européenne (CE)
gue proporciona el riesgo de CaP clinicamente significativo y puede ser utilizada en

todos los varones con sospecha de CaP sin restricciones en el PSA sérico o el volumen
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prostatico. Ademas, Proclarix logré reducir el nimero de biopsias de préstata en
pacientes con sospecha de CaP antes y después de la RMNmp. Por lo tanto, la
combinacion de Proclarix con la mpMRI ha demostrado aumentar la eficacia tanto de la
RMNmp como de Proclarix. En varones con RMNmp negativas (PI-RADS < 3), Proclarix
demostrd una sensibilidad del 100% en la deteccién del CaP clinicamente significativo y
pudo evitar un tercio de las biopsias de prostata. Por otro lado, en pacientes con
RMNmp positivas, Proclarix disminuyé un 43% el niumero de biopsias de prostata
innecesarias. En pacientes con lesiones PI-RADS 3, Proclarix pudo reducir un 21.3% de
biopsias de prdstata innecesarias sin dejar de detectar el CaP clinicamente significativo.
Comparado con las otras herramientas de prediccion como la densidad de PSA y la
calculadora de riesgo de Rotterdam-MRI, Proclarix fue mas efectivo en la deteccidn del
CaP clinicamente significativo. Por ultimo, Proclarix se correlacioné con la agresividad

del CaP.

25



26

Introduction



1. INTRODUCTION

27



28

Introduction



Introduction

1.1. PROSTATE CANCER

1.1.1. Epidemiology of Prostate Cancer

Prostate cancer (PCa) is the second most frequently occurring cancer in men and
the fourth most common cancer overall [1]. In 2020 it was estimated that 1.4 million
patients were diagnosed with PCa and was the cause of 359,000 deaths worldwide [2].
A significant variability in the incidence of the disease has been observed in different
geographic areas of the world. This variability is probably influenced by the prostatic-
specific antigen (PSA) testing rate and by recommendations from international
organizations. Specifically, the incidence rate is higher in Australia, North America and
Western Europe, while in Asia and North Africa it is lower [3]. Nevertheless, there is a
relatively small variation in PCa mortality around the world, with higher rates observed
in populations of African descent such as the Caribbean, sub-Saharan Africa and
Polynesia [4]. The standardized incidence and mortality rates of PCa by country in 2020

are shown in Figures 1 and 2, respectively [5].
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Figure 1. Incidence rates of prostate cancer standardized per age per country [5]
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Figure 2. Mortality rates of prostate cancer standardized per age per country [5]

1.1.2. Etiology of Prostate Cancer

Multiple risk factors have been identified for PCa such as age, ethnic background,
family history and diet [6]. Numerous genomic studies have been conducted and found
hundreds of loci associated with more aggressive tumors. The most frequently identified
genes were: BRCA2 (4.5%), CHEK2 (2.2%), ATM (1.8%), and BRCA1 (1.1%) [7]. On the
other hand, it was also reported that men with mutations in the BRCA1 and BRCA2 genes
were more susceptible to developing tumors with more aggressive pathology
(International Society of Urological Pathology (ISUP) grade group = 4), at more
advanced stages (T3/T4), with lymph node involvement and metastasis at the time of
diagnosis [8].

Despite the extensive analysis of multiple exogenous factors that may increase the
risk of developing PCa, there are currently no dietary or pharmacological measures that
have been shown to effectively prevent the onset of the disease. Studies have shown

that individual components of metabolic syndrome such as hypertension or higher waist
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circumference, are associated with an increased risk of PCa [9]. Moreover, it has been
reported that an androgen deprivation therapy may promote the development of
metabolic syndrome in patients with PCa. Thus, it is recommended to counsel patients
on the prevention, early detection and treatment of specific metabolic alterations [10]
Multiple studies have examined the association between 5-alpha-reductase
inhibitors (5-ARIs) and PCa. Some studies have suggested that 5-ARIs may decrease the
risk of developing the disease, while others have reported an increased risk of high-
grade PCain men taking these medications [11-14]. Nevertheless, the exact relationship
between 5-ARIs and PCa is still not fully understood, and more research is needed to
determine long-term effects of these drugs on prostate health. As with any medications,
it is crucial to discuss thoroughly the potential risks and benefits of 5-ARls prior to
initiating treatment. On the other hand, hypogonadal men who receive testosterone
supplements did not exhibit an increased risk of PCa [15]. Conversely, in 2018 it was also
reported that men with very low concentrations of free testosterone (in the lowest 10%)

had a decreased risk of developing the disease [16].

1.1.3. Prostate Cancer diagnosis

The majority of cases of PCa are asymptomatic and not clinically apparent at the
time of diagnosis. Therefore, an early detection of the disease is crucial as it reduces its
progression and mortality rates [17]. The suspicion of PCa is usually stablished through
an elevation of serum PSA levels and/or an abnormal digital rectal examination (DRE).
However, definitive diagnosis of the neoplasm requires demonstration through a

prostate biopsy [18].
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The digital rectal examination is probably the most classic exploration for the
detection of PCa. In approximately 18% of cases, PCa is diagnosed by a suspected DRE
alone, regardless of PSA levels [19]. Nonetheless, its sensitivity and specificity are low,
making its use in population screening debatable, since it can lead to unnecessary
prostate biopsies which can result in an overdetection and overtreatment of PCa.

This classic diagnostic pathway has a low specificity which has led to an excessive
number of unnecessary biopsies and an overdetection of insignificant PCa (iPCa).
However, the introduction of multiparametric magnetic resonance imaging (mpMRI)
has emerged as a promising imaging tool for the detection of clinically significant
prostate cancer (csPCa) and can aid in guiding prostate biopsies. This imaging technique
could have the potential to reduce diagnostic errors and improve the accuracy of csPCa
detection, ultimately leading to better patient outcomes. MpMRI consists of both
anatomic (T1-weighted and T2-weighted MRI) and functional sequences, including
diffusion-weighted imaging and dynamic contrast-enhanced MRI. These sequences
enable the evaluation of both structural and functional characteristics of prostate tissue,
providing a more comprehensive assessment of potential cancerous lesions [20, 21].

The Prostate Imaging-Reporting Data System (PI-RADS) is an essential tool used
to establish and standardize images from mpMRI and interpretation of PCa diagnosis
[22]. It was first introduced in 2012 and updated in 2019 to increase the accuracy
between mpMRI and pathologic results [22, 23]. The updated version aimed to simplify
and standardize the terminology used in radiology reports, making it easier to stratify
patients based on their level of suspicion and facilitate the use of mpMRI for targeted
prostate biopsy [23]. It assigns a score from 1 to 5 to each lesion detected in the image,

with higher scores indicating a greater likelihood of csPCa, as shown in Table 1.
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Table 1. PI-RADS v2 Assessment Categories [23]

PI-RADS Assessment category

PI-RADS 1 Very low (clinically significant cancer is highly unlikely to be present)
PI-RADS 2 Low (clinically significant cancer is unlikely to be present)
PI-RADS 3 Intermediate (the presence of clinically significant cancer is equivocal)
PI-RADS 4 High (clinically significant cancer is likely to be present)
PI-RADS 5 Very high (clinically significant cancer is highly likely to be present)

PI-RADS = Prostate Imaging-Reporting Data System

Numerous studies have been conducted in order to establish the role of mpMRI
in the diagnostic algorithm of PCa. In 2017, the PROMIS trial was published, which
reported that biopsies guided by mpMRI had a 93% sensitivity (Cl 95%: 0.88-0.96) in
comparison to only 48% (Cl 95%: 0.42-0.55) in patients who underwent through
systematic biopsies exclusively. Furthermore, the use of mpMRI had the potential to
reduce the number of primary biopsies by up to 27% and diagnose approximately 18%
more csPCa [24]. More recently, a randomized clinical trial was conducted on a cohort
of over 12.000 men with PSA levels greater than 3ng/mL. Patients were randomized to
undergo either systematic guided biopsies (10-12 cores) or mpMRI prior to targeted and
systematic biopsies. The study reported that the percentage of men undergoing
prostate biopsies was twice as high in the systematic biopsy group compared to the
mpMRI group. Moreover, the detection of iPCa was 12% in patients who did not undergo
mpMRI compared to 4% in those who received targeted biopsies [25].

It has been shown that each increase in the PI-RADS score is usually associated
with higher ISUP grade group tumors in the prostate biopsies and more advanced
tumors in surgical specimens [26]. Additionally, it has been demonstrated that the

aggressiveness of PCa increases with higher PI-RADS categories [27]. This information
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can aid in the decision-making process of whether to perform prostate biopsies based
on PI-RADS categories. Thus, the incorporation of mpMRI in the diagnostic pathway of
PCa has resulted in a decrease of men undergoing prostate biopsies and a reduction in
the number of diagnosed iPCa, while simultaneously increasing the detection of csPCa
[25, 28].

Nomograms are graphical tools that use statistical models to predict the
probability or risk of a specific outcome. They have become an important tool in the
diagnosis of PCa since they provide an individualized risk estimation based on different
variables. The European Randomized Study of Screening for Prostate Cancer (ERSPC)
study which began in the early 1990s and involved over 182.000 European men, has
played a significant role in developing several algorithms for estimating the risk of PCa.
Nonetheless, the most scientifically sound and extensively validated is considered the
Rotterdam Prostate Cancer Risk calculator, based on the ERSPC Rotterdam data [29].
This predictive model, recommended by international guidelines, uses several patient
characteristics to assess the probability of detecting any PCa or csPCa defined as those
with an ISUP grade group (GG) two or higher on prostate biopsy [18]. This tool is
designed to provide personalized risk assessment based on multiple parameters such as
age, serum PSA levels, DRE, prostate volume (PV) and previous biopsy results. Moreover,
with its rise in popularity, mpMRI has been incorporated into the latest ERSPC risk
calculator [30, 31]. This predictive model has been externally validated through several
studies, which have yielded mixed results, demonstrating adequate discrimination for
csPCa but varying depending on the cohort analyzed [32—-34]. The Rotterdam PCa risk
calculator serves as a valuable tool for aiding clinicians and patients in making informed

decisions regarding PCa screening and diagnosis. Additionally, it offers user-friendly web
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and smartphone applications, facilitating its implementation in clinical practice [35] as
in the case of recent ERPSC MRI risk calculator. However, it is important to note that
none of these predictive models has been evaluated by PI-RADS category [15].
Screening of PCa remains a highly controversial topic [36]. A Cochrane review of

randomized PCa screening trials with PCa mortality as endpoint was published in 2013
[37] and updated in 2019 [38, 39]. The review found that the screening was associated
with an increased diagnosis of PCa and a detection of more localized disease and less
advanced PCa. Moreover, no survival benefit was observed as a result of screening.
However, the ERPSC MRI reported a significant reduction in PCa mortality through
screening when using PSA level cut-off of 3 - 4ng/mL. Current European guidelines
recommend that early PSA testing should be based on the individual risk of men [40].
Accordingly, population screening should be performed in:

- Men aged 50 years or older

- Men aged 45 years or older with family history of PCa

- Men of African descent aged 45 years or older

- Men carrying BRCA2 mutations aged 40 years or older

Nonetheless, it is important to discuss with patients the potential disadvantages of

increased incidence and risk of over-treatment as well as the benefits associated with

decreased disease-specific mortality.
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1.1.4. Classification and staging of prostate cancer

A tumor classification system aims to categorize individuals with comparable
clinical outcomes. This enables discussion of prognosis with patients, facilitates the
design clinical trials that involve relatively homogeneous groups and assists in the
development of treatment recommendations for these specific populations. On the
other hand, staging is performed in order to determine the extent of disease spread.
Information from staging is essential because it influences treatment decisions and
affects prognosis.

In prostate cancer, staging is based on the Tumor-Node-Metastasis (TNM)
system which was first implemented in 1978 [41]. The TNM staging is a schematic
representation of anatomic tumor extent and pathological tumor grade is reflected of
intrinsic features of tumor aggressiveness. The classification of PCa according to the

TNM system is displayed in Table 2.

36



Introduction

Table 2 Clinical TNM classification of PCa (Classification of Malignant Tumors, 8 Edition [41])

T - Primary Tumor (stage based on digital rectal examination [DRE] only)
TX Primary tumor cannot be assessed
TO No evidence of primary tumor
T1 Clinically inapparent tumor that is not palpable
Tla Tumor incidental histological finding in 5% or less of tissue resected
T1lb Tumor incidental histological finding in more than 5% of tissue resected
T1lc Tumor identified by needle biopsy
T2 Tumor that is palpable and confined within the prostate
T2a Tumor involves one half of one lobe or less
T2b Tumor involves more than half of one lobe, but not both lobes
T2c Tumor involves both lobes
T3 Tumor extends palpably through the prostatic capsule
T3a Extracapsular extension (unilateral or bilateral)
T3b Tumor invades seminal vesicle(s)
T4 Tumor is fixed or invades adjacent structures other than seminal vesicles: external sphincter, rectum, elevator
muscles, and/or pelvic wall
N - Regional (pelvic) Lymph Nodes*
NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
N1 Regional lymph node metastasis
M - Distant Metastasis?
MO No distant metastasis
M1 Distant metastasis
M1a Non-regional lymph node(s)
M1b Bone(s)
M1c Other site(s)

1 Metastasis no larger than 0.2 cm can be designated pNmi.

2 When more than one site of metastasis is present, the most advanced category is used. (p)M1c is the most advanced category

In addition to clinical staging, other prognostic parameters, such as serum PSA
levels or the pathologic differentiation grade, are also considered in the prognosis of the
disease. One of the first models that included these parameters was described by

D’Amico in 1998, combining PSA levels, clinical information on tumor extent and
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pathology, in order to predict the risk of biochemical recurrence of localized and locally-
advanced PCa [42]. This model has become a widely accepted tool for prognostic
evaluation in clinical practice and it is included in the current European Association of
Urology (EAU) guidelines. Notably, the cT-stage is based on findings obtained through
DRE, rather than imaging studies. As such, if a DRE does not reveal any palpable
abnormalities, the tumor should be categorized as cT1lc. Conversely, if a lesion is
palpable in both lobes of the prostate, it should be considered as cT2c, regardless of the
results of mpMRI. In addition, cN and cM stages are established using computed
tomography (CT) and 99-tecnhetium bone scintigraphy, recommended in patients with
intermediate or high-risk PCa (Gleason score > 2 or PSA > 10ng/mL). The D'Amico risk
group classification for biochemical recurrence of localized and locally-advanced PCa

have been adapted by the EAU PCa guidelines is outlined in Table 3.

Table 3. EAU risk groups for biochemical recurrence of localized and locally-advanced PCa

Low-risk Intermediate-risk High-risk
PSA level PSA <10ng/mL PSA 10-20ng/mL PSA>20 Any PSA
Pathology And GS <7 (ISUP 1) Or GS 7 (ISUP 2/3) or Or GS >7 (ISUP Any GS (any ISUP) cT3-4
and cT1-2a* cT2b* 4/5) or cT2c* or cN+**
Localized Locally advanced

GS = Gleason score; ISUP = International Society for Urological Pathology; PSA = prostate-specific antigen
*Based on digital rectal examination
**Based on CT/bone scan

1.1.5. Aggressiveness of prostate cancer

A tumor aggressiveness refers to the potential of the cancer to grow and spread
rapidly. Determining the aggressiveness of PCa is crucial in order to guide treatment
decisions and predicting outcomes for patients. Nonetheless, accurately determining

the aggressiveness of a tumor, requires a post-treatment analysis which may not be
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feasible in all cases. Thus, in some studies, surrogate endpoints have been used to
estimate the aggressiveness of the disease. While these markers may provide an
indication of tumor aggressiveness, they are not always definitive and may not
accurately reflect the true nature of the tumor [18].

The Gleason score (GS) is a grading system, developed in 1974 by Donald Gleason,
to evaluate the aggressiveness of the tumor based on the architecture pattern of the
prostate gland [43]. It is based on the appearance of the cancer cells under a microscope
and assigns a grade to the two most predominant patterns found in a prostate biopsy
core. The grades range from 1 to 5, being 1 the least aggressive and 5 the most
aggressive. It is recommended to include the higher grade, even if it is less than 5% of
the biopsy material [18]. The sum of the two grades determines the overall GS, which
ranges from 2 to 10. A low GS (2 - 6) indicates a less aggressive cancer, while a high GS
(8 - 10) determines a more aggressive tumor.

In 2014, the International Society for Urological Pathology approved a new grading
system based on GS that limits the pathologic classification to five categories [44]. This
change was made in order to align the grading of PCa with other carcinoma
classifications. Moreover, punctuations lower than six are no longer used, allowing to
reduce overtreatment of insignificant PCa, as they are not considered cancerous.
Finally, it differentiates between GS 3 + 4 and 4 + 3 which determines whether or not

the cancer is clinically significant. The ISUP grade system is represented in Table 4.
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Table 4. International Society of Urological Pathology 2014 grade system

Gleason score ISUP grade
2-6 1
7 (3+4) 2
7 (4+3) 3
8 (4+4 or 3+5 or 5+3) 4
9-10 (4+5 or 5+4 or 5+5) 5

ISUP = International Society for Urological Pathology

The ISUP grading system is commonly employed as a surrogate endpoint of PCa
aggressiveness due to its correlation with disease progression independent of the
treatment administered. By using the ISUP system, clinicians can more accurately assess
the aggressiveness of PCa and determine the appropriate course of treatment.

Histopathological examination of radical prostatectomy (RP) specimens is an
essential component for the diagnostic and prognostic evaluation of PCa. It provides
valuable information about the stage, histopathological type, grade and surgical margins
of the tumor which are essential for clinical decision-making. Grading conventional
prostatic adenocarcinoma using Gleason system is considered the most important
prognostic factor for clinical behavior and treatment response [44]. The ISUP grade
group in RP specimen is typically determined in a similar way as in biopsies, with the
exception that minor high-grade components (< 5%) are excluded from the ISUP grade
group. For instance, in a carcinoma that is almost entirely composed of ISUP 3, the
presence of a minor (< 5%) ISUP 4 or 5 component is not included in the ISUP score, but
its presence is noted in the report [45]. In cases of multifocality, the ISUP grade group
of the index lesion is given, which refers to the tumor with the highest grade, stage or

volume. Overall, the histopathological examination of the gland is essential in providing
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clinicians with relevant information on the prognostic characteristics of PCa, which is
critical in making informed decisions about the appropriate course of the treatment.
Numerous studies have evaluated the concordance between preoperative biopsy
and postprostatectomy specimen GS, reporting a correlation ranging between 30% and
60%. Upgrading of the GS represents a substantial risk of delaying appropriate
treatment in patients with PCa, particularly in the active surveillance group, and has
been described in over 50% of cases in some studies [46, 47]. Therefore, it is crucial to
consider the pathology of the surgical specimen when determining the aggressiveness
of the disease, as it can be a determining factor in several patients. It has been shown
that men with a Gleason score of 3 + 4 (ISUP 2) in the surgical specimen exhibit a
favorable prognosis compared to patients with a Gleason score of 4 + 3, which behave
similarly to tumors with Gleason score of 4 + 4 (ISUP 4) [48]. In addition, Gandaglia et al.
reported that patients with a Gleason score of 4 + 3 in the RP specimen had lower
biochemical recurrence-free rates after surgery compared to those with a score of 3 +4
[49]. Thus, the pathology obtained in the RP can help determine the aggressiveness of
the tumor depending if the patient has a favorable or unfavorable specimen. An ISUP 2
or lower and a pT of less than 3 is considered favorable, while an ISUP greater than 2 or

a pT of 3 or higher is considered unfavorable.

41



Introduction

1.2. TUMOR MARKERS FOR THE EARLY DETECTION OF CLINICALLY

SIGNIFICANT PROSTATE CANCER

The gold standard for the diagnosis of PCa is a transrectal ultrasound guided needle
biopsy of the prostate. The decision to perform a diagnostic biopsy is based on a
combination of factors, including an elevated serum PSA level and/or an abnormal DRE.
Recently, screening for PCa using serum PSA has come under considerable criticism due
to the risk of overdiagnosis and overtreatment of iPCa [50, 51]. To address this issue,
mpMRI has been validated as a screening tool to reduce unnecessary prostate biopsies
and improve diagnostic accuracy of csPCa [24]. Nonetheless, there are still lots of
unneeded biopsies being performed, this is why identifying a biomarker to detect csPCa
is important. In this direction, several adjunctive biomarkers have been developed to
predict the risk of csPCa and prevent unnecessary prostate biopsies [52]. This could also
avoid the risk of harm, such as anxiety, bleeding, infection, requiring hospitalization, and
the psychological implications of being diagnosed with iPCa cancer.

Liquid-based biomarkers, such as those acquired from blood or urine, are well placed
to act as PCa-specific biomarkers. The identification of biomarkers in liquid biopsies has
significant advantages over tissue-based techniques as they can be obtained easily in a
less invasive manner. Liquid biopsies can also be routinely taken pre-, post- or on-
treatment, meaning continual patient monitoring can be achieved, while tissue biopsies
give only a limited snapshot of the disease. Tumor heterogeneity is a significant problem
for tissue-based biopsy tests, as results can only be determined from the area that the
tissue samples are acquired from [53, 54]. Liquid biopsies, in comparison, have the

potential to give a comprehensive view of both primary and metastatic cancers.
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The ideal biomarker for the diagnosis of csPCa should have high sensitivity and
specificity, be reproducible, and have quantifiable measures that are easy to use. It
should also be cost-effective, provide clear results for clinicians and be easily applied to
different racial groups [52]. Unfortunately, there are few comparative trials among
these biomarkers, leaving clinicians uncertain about which one provides the most useful

information.

1.2.1. Prostate-specific antigen and derivates

The prostate-specific antigen is a glycoprotein that belongs to the kallikrein-like
serine protease glycoprotein encoded by the prostate-specific gene kallikrein 3 [55]. PSA
is mainly secreted by prostatic epithelial cells, and in healthy individuals, the levels of
this glycoprotein in blood samples are typically low. The primary physiological function
of PSA is to liquefy semen through the process of proteolysis [55].

The discovery of purified human PSA was reported in 1979 [56] and subsequently
found in the sera of patients with advanced PCa in 1980 [57]. The serum PSA test was
initially approved by the Food and Drug Administration (FDA) to monitor patients with
PCa in 1981 [58]. However, when introduced into clinical practice in 1987, it was not
designed as a screening marker to detect PCa, but rather to monitor the progression of
PCa and the response to therapy. It was not until 1991 that it was approved by FDA as a
screening tool for the detection of PCa [59].

Elevated levels of serum PSA are commonly observed in PCa, but are also present
in some benign conditions such as benign prostatic hyperplasia or prostatitis [60]. While

there is no recognized defined cut-off for diagnosis of PCa, many clinicians consider PSA
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levels < 4.0ng/mL as normal, within higher levels indicating a need for further
investigation [61]. Overdiagnosis in relation to PSA screening programs, has been
reported to range from 20 to 66% [62, 63]. The observed increase in the number of
patients receiving treatment while simultaneously reducing the number of PCa cases
diagnosed with later-stage disease, led to concerns about overtreatment [64]. Besides
the cost implications, overtreatment of PCa can have significant impacts effects on the
mental and physical health of patients. As previously noted, diagnostic procedures such
as prostatic biopsy carry inherent risks of complications. Additionally, surgical or
radiotherapeutic interventions may result in severe side effects affecting up to half of
the patients, including urinary incontinence, sexual dysfunction and diminished colonic
and renal function [65].

PSA levels can also serve as a prognostic tool for newly diagnosed PCa patients.
Generally, higher PSA values are associated with poorer outcomes [66, 67], thus men
with PSA levels above 20ng/mL at diagnosis, have been shown to have a significant
decrease in 5-year survival rates. Elevated serum PSA concentrations may suggest the
presence of more aggressive or occult metastatic disease, thereby indicating the
potential benefit of more intensive treatments for these patients [67]. However, while
there is a correlation between serum PSA levels at diagnosis and patient outcome, PSA
alone has limited prognostic accuracy. Therefore, to enhance prognostic accuracy within
the clinic, tumor histological and clinical factors should be evaluated in conjunction with
PSA when predicting outcome [68].

In the early nineties, to improve the accuracy of PSA, Benson et al. introduced
the PSA density (PSAD), which considers the concentration of PSA over the prostate

volume. The primary purpose was to differentiate between benign prostatic hyperplasia
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and small-volume organ-confined PCa [69]. PSAD is calculated dividing serum PSA level
by prostate volume, determined using either transrectal ultrasound or mpMRI. Several
studies have indicated that PSAD can have the potential to identify men with csPCa,
thereby influencing biopsy decisions [70, 71]. As serum PSA increase, PSAD becomes a
more effective marker for predicting csPCa [72]. Furthermore, it has also been shown
that PSAD may be useful in predicting the presence of adverse pathology and
determining the aggressiveness of PCa in patients undergoing radical prostatectomy
[73, 74]. These results suggest that PSAD may play a role in risk stratification, particularly
in deciding which patients are suitable for active surveillance [75, 76]. Overall, PSAD
represents a simple, inexpensive tool that could serve to avoid unnecessary prostate
biopsies and identify patients requiring further diagnostic investigation.

PSA can exist in multiple forms in the bloodstream, including free PSA and
complexed PSA. Free PSA is not bound to any carrier proteins, while complexed PSA is
bound to protease inhibitors [77]. Measuring the levels of these molecular forms can
provide valuable information in addition to the total PSA [78, 79]. Free PSA (fPSA) levels
are generally expressed as a percentage of total PSA, known as percent fPSA. In general,
men with PCa have lower percent fPSA levels compared to men without PCa [68]. This
can help differentiate between PCa and benign prostatic hyperplasia [78].
Unfortunately, there are limitations to the assessment of percent fPSA as a diagnostic
tool, since this free form is less stable than complexed PSA in the blood, it requires
prompt sample processing after collection [80]. Additionally, invasive procedures such
as DRE and biopsy procedures lead to a temporary rise in the levels of free PSA in the

blood [81]. High prostate volumes can also lead to decreased percent fPSA values, which
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means that percent fPSA is considered reliable only in patients with prostate volume
less than 40mL [82].

Studies have suggested that the percent fPSA measurement can be particularly
useful for men with PSA levels between 4 and 10ng/mL, with a diagnostic sensitivity
ranging from 75% to 95% and a specificity from 32% to 93% [83]. Nonetheless, a meta-
analysis conducted to assess the accuracy of percent fPSA for the diagnosis of PCa in
men with PSA levels from 4 to 10ng/mL concluded that the biomarker had low sensitivity
and specificity and needed to be combined with additional diagnostic methods [83].
However, Oto et al., recently analyzed the combination of percent fPSA with total PSA
and age in a predictive model and concluded that it increased the diagnostic potential
of total PSA [84]. To address the challenges associated with percent fPSA, several studies
have investigated the use of molecular forms of PSA in diagnostic assays, including intact
PSA and [2]proPSA [85]. The Prostate Health Index (PHI) assay, the 4-kallikrein panel
(4Kscore) and the Stockholm-3 (STHLM3) model are different tests that incorporate

various molecular forms of PSA.

1.2.2. Prostate Health Index

The Prostate Health Index (PHI) is a mathematical formula derived from the
relative concentrations of three different PSA forms: total PSA, free PSA and [-2]proPSA.
This blood test determines the risk of PCa in men with serum PSA between 2 and
10ng/mL and a non-suspicious DRE. It has been shown to outperform the total PSA and
the percent fPSA for the prediction of prostate biopsy outcome. Thus, being able to

reduce unnecessary biopsies and improve the accuracy of PCa detection [86—89].
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Multiple studies have demonstrated the correlation between PHI and GS in biopsy naive
patients, obtaining higher PHI values in men with an increased probability of a GS> 7 in
the biopsy [90-92]. Moreover, when compared to mpMRI, Ferro et al., demonstrated
that PHI significantly outperformed PI-RADS score to predict positive biopsy results with
a comparable performance in the identification of csPCa [93]. On the other hand, a
recently published study suggests that the combination of mpMRI and PHI can improve
the estimation of the risk category of PCa at the initial diagnosis by using an artificial
neural networking analysis. This personalized approach to treatment could potentially
lead to better outcomes for patients with PCa [94]. The PHI score has been shown to
have a significant impact on patient management in the clinical setting. Specifically, low
PHI levels lead to the deferral of biopsies, whereas an elevated score suggests an
intermediate or high-probability of PCa and indicates the necessity of a prostate biopsy
[95].

From a health-economic perspective, recent studies have demonstrated the cost-
effectiveness of incorporating PHI in the decision-making process regarding whether a
prostatic biopsy is required [96, 97]. In addition to reducing the number of unnecessary
biopsies, the PHI test may also be useful in predicting biochemical recurrence (BCR)
following radical prostatectomy [98, 99]. Various studies have demonstrated that higher
preoperative PHI scores are associated with an increased risk of BCR after surgery [89,
100]. Furthermore, PHI has been analyzed as an independent predictor of BCR
demonstrating a greater accuracy than current predictors such as serum PSA, clinical
and pathological stage, and the grade group [99]. This could be useful in order to
determine which patients could benefit from adjuvant therapy and follow-up schedule

after radical prostatectomy [89]. Moreover, Roobol et al. compared two risk calculators
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(the European Randomized Study of Screening of Prostate Cancer and the Risk
Calculator 4) incorporating PHI [101]. They concluded that both models exhibited similar
performance, but the inclusion of PHI in the risk calculators resulted in a greater
reduction in the number of unnecessary biopsies when compared to a strategy based
on serum PSA [101]. However, there are some challenges associated with the use of this
test in the clinic. Similar to fPSA, molecular instability has also been observed in several
studies involving [-2]proPSA. For proper measurement of this molecule, blood samples
should be centrifuged within three hours of blood draw. Serum may be stored at room
temperature or refrigerated for a maximum of 48 hours. Nonetheless, if the serum is to
be stored for an extended period of time, it should be frozen to prevent any potential

degradation [102].

1.2.3. Four kallikrein test

The four kallikrein (4K) score is a diagnostic test that combines four different
kallikrein proteins (total PSA, free PSA, intact PSA and human kallikrein 2) along with
patient age and DRE, to provide a probability, ranging from 0 to 100%, for detecting
csPCa [103]. Its primary aim is to reduce disease overdetection by assisting clinicians in
deciding which patients require a prostate biopsy. Its use is currently recommended in
men undergoing either an initial or a repeat biopsy. The 4Kscore has been correlated
with the GS obtained in the biopsy, with higher values observed in patients with csPCa
compared to those with iPCa [104, 105]. In a large prospective multi-institutional trial,
the 4K score was found to distinguish patients with GS of 7 or higher from those with a

score less than 7. By using a cut-off value of 6%, it was reported that 30% of biopsies
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could be avoided, while delaying a diagnosis of high-grade PCa in only 1.3% of patients
[106]. Further studies have demonstrated the potential of 4K score to predict the
presence of csPCa [106—-110]. Additionally, in a cohort of 925 men with a previous
negative biopsy, the 4K score showed a significantly higher predictive accuracy for PCa
detection than PSA, with an area under the curve (AUC) of 0.68 compared to 0.58 [111].

In a cohort of 266 biopsy-naive men with clinical suspicion of PCa, the combination
of 4K score with mpMRI was evaluated, revealing a significant reduction in the number
of unnecessary biopsies [112]. The study showed that men with PI-RADS 1 and 2 lesions,
the highest negative predictive value (NPV) was observed for those with low or
intermediate 4K score risk. The optimal biopsy strategy, consisted on an initial 4K score
test, followed by mpMRI if the 4Kscore was > 7.5% and a subsequent biopsy if the
mpMRI was positive (PI-RADS 3 to 5) or the 4K score was > 18%. This approach could
potentially avoid 34% of biopsies and lead to missing 2.7% of csPCa [112].

Numerous studies have demonstrated that incorporating the 4K score into the
decision-making process, can have a significant impact on both clinicians and patients
by reducing the number of biopsies performed, while also increasing the likelihood of
identifying aggressive PCa [113]. The 4K score has also been shown to significantly
decrease costs and improve the quality of patient care [114, 115]. Additionally, in a
retrospective case-control study with a 15-year follow-up, 4K score was found to
significantly improve the prediction of metastasis in patients aged 50 to 70 years,
compared to serum PSA alone [116]. Nevertheless, in a post-operative setting, this
blood-test was reported to not be useful for counselling men after radical

prostatectomy. Multiples studies stated that 4Kscore did not improve the value of post-
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surgery risk models and could not be used in the prediction of biochemical recurrence

[117].

1.2.4. SelectMDx

The SelectMDx assay is a urine-based test that aims to provide the probability of
detecting PCa after a biopsy, in addition to the likelihood of low-grade versus high-grade
disease. This test measures the levels of messenger RNA (mRNA) of two genes: HOXC6
and DLX1, which are known to be overexpressed in aggressive PCa [118, 119]. The mRNA
values are quantified following a post-prostate massage urine specimen and normalized
to KLK3 mRNA, the gene that encodes PSA. The mRNA values of HOXC6 and DLX1 are
then combined into a single RNA value, which is then used in addition to known clinical
risk factors such as age, PSAD and DRE, to determine the percent likelihood of detecting
a PCa with a GG of 2 or higher on initial prostate biopsy.

Two independent clinical trials have demonstrated that the mRNA levels of HOXC6
and DLX1 can be used to achieve a sensitivity and a negative predictive value (NPV) of
90% or higher [118, 120]. Van Neste et al. conducted a study to evaluate the
performance of SelectMDx by analyzing a cohort of over 900 men scheduled for either
initial or repeat prostate biopsy. The result of the study revealed an AUC of 0.76, along
with a sensitivity and a NPV of 91% and 94%, respectively [118]. The authors of the study
suggested that the implementation of this test could potentially result in a reduction of
up to 42% in the total number of biopsies performed while also decreasing the number
of unnecessary biopsies performed by 53% [118]. The combination of clinical risk factors

with mRNA values resulted in an increase in the AUC to 0.9. These results were further
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validated by Haese et al. during their evaluation of 916 men undergoing initial prostate
biopsy. They reported that SelectMDx had an AUC of 0.85 with 93% sensitivity, 47%
specificity and 95% NPV [120]. Moreover, when the analysis was limited to patients with
serum PSA levels lower than 10ng/mL, an AUC of 0.82 was obtained, along with 89%
sensitivity, 53% specificity and 95% NPV [120]. The outcomes of the aforementioned
studies provide strong evidence of the high sensitivity and NPV of the test in detecting
csPCa prior to initial biopsy. In addition, SelectMDx has also been shown to outperform
other tests such as PHI in screening for the presence of high-grade PCa before biopsy
[121].

It has been shown that this test can potentially aid in the disease risk stratification of
patients with mpMRI. In a study involving over 300 men, SelectMDx was more sensitive
but less specific than mpMRI in detecting both PCa and csPCa at diagnostic biopsy [122].
In a prospective study conducted on prostate-biopsy-naive men in the Netherlands with
serum PSA levels > 3, it was found that 31% of patients were diagnosed with high-grade
PCa. While using SelectMDx alone missed 10% of high-grade PCa, mpMRI missed 13%.
Furthermore, a study from 2022 indicated that SelectMDx exhibited comparable
diagnostic accuracy to PSAD in detecting csPCa and enabled the avoidance of the same
number of prostate biopsies in patients with PI-RADS 3 lesions [123]. In addition,
SelectMDx was shown to outperform other biomarkers such as PCA3 and PSA in

detecting PI-RADS 4 and 5 lesions on mpMRI [124].
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1.2.5. Prostate Cancer Antigen 3

Prostate Cancer Antigen 3 (PCA3) is a prostate specific noncoding mRNA that has
been found to be overexpressed in more than 90% of all prostate tumors compared to
benign prostate tissue [125-127]. Several studies have reported the use of quantifying
PCA3 RNA in post-prostate massage urine [127, 128]. The Progensa PCA3 assay was
approved by the FDA in 2012 as a diagnostic test for use in men aged 50 or older with
elevated serum PSA, and a previous negative prostate biopsy result [129]. The sensitivity
and specificity of the assay, depend on the cut-off score used, which remains a topic of
debate. A PCA3 score below 25 has been link to a decreased probability of PCa upon
subsequent repeat biopsy. Nonetheless, a PCA3 score of 35 is associated with a
sensitivity ranging between 58% and 85%, with a specificity of 58% to 76% [130, 131].
Multiple studies have demonstrated that PCA3 provides an acceptable diagnostic
accuracy and can aid in decision-making regarding whether or not to perform an initial
biopsy, thus reducing the number of unnecessary biopsies [132]. The incorporation of
PCA3 scores into individual risk estimation models, which include clinical factors, age
and patient race, has been shown to improve the stratification of PCa [133]. Wei et al.
found that PCA3 measurement can reduce the under-detection of high-grade disease in
initial prostatic biopsies, while also minimizing the over-detection of low-grade PCa in
repeat biopsies [133]. Other studies have also demonstrated that PCA3 can complement
serum PSA and other clinical information to provide a more accurate prediction of
repeat biopsy outcome [134, 135]. Additionally, Deras et al. were able to demonstrate
that PCA3 is an independent marker that is not influenced by prostate volume, serum

PSA levels or the number of prior biopsies [136].
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As with the previously discussed biomarkers, studies have investigated the
combination of PCA3 score with mpMRI to improve the accuracy of PCa diagnosis. In
patients with a suspicious lesion identified by mpMRI, the PCA3 score was found to be
higher compared to those without suspicious lesions. These results suggest that the
PCA3 test could be useful in identifying patients who should undergo mpMRI [137].
Additionally, combining PCA3 with mpMRI has been shown to enhance the predictive
accuracy of mpMRI [138, 139]. Ongoing research is developing new methods for
detecting PCA3, with the aim of making the assay accessible as a point-of-care test in
developing countries [140-143].

Multiple studies have suggested that PCA3 has potential to aid in decision-
making between active surveillance and radical treatment options. It has been proposed
that a PCA3 threshold score of 20 could be used to identify men with iPCa who would
be eligible for active surveillance, while a threshold score of 50 could identify men at
higher risk of having csPCa who may benefit from radical therapy [144]. However, the
correlation between PCA3 and PCa aggressiveness is under debate, with some studies
exhibiting a relationship between PCA3 levels and Gleason score [145-149], whilst
others found no association [150, 151]. Nonetheless, comparative analyses have
indicated that PHI outperformed PCA3 as a diagnostic test, since it exhibited an
increased accuracy in predicting PCa in both initial and repeat biopsies [152], and
demonstrated a better performance in detecting aggressive disease [153]. While it is
unlikely that PCA3 will replace serum PSA as the frontline biomarker for the detection
of PCa, the measurement of both PCA3 and serum PSA may enhance the specificity of

csPCa diagnosis.
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1.2.6. TMPRSS2-ERG

The translocation that fusions the androgen-regulated transmembrane protease
serine 2 (TMPRSS2) and erythroblastosis virus E26 oncogene homolog (ERG) known as
TMPRSS2-ERG, was identified by Tomlins et al. [154]. This chromosomal rearrangement
could influence PCa prognosis through an androgen regulation mechanism and has been
evaluated as a urine biomarker following prostatic massage. The TMPRSS2-ERG fusion
gene has been correlated with the Gleason score [155]. MyProstateScore test,
previously named as the Michigan Prostate Score, was developed combining serum PSA
with the mRNA expression of two urinary markers: Prostate Cancer Antigen 3 and
TMPRSS2-ERG fusion gene. It ranges from 0 to 100 and reflects the probability of finding
any PCa or high-grade PCa upon biopsy. Studies have shown that both PSA and
TMPRSS2-ERG are independent predictors of the Gleason score obtained in the biopsy
and the clinical tumor stage, whereas PCA3 did not correlate with biopsy results nor the
clinical stage [130, 156]. Furthermore, Ferro et al. concluded that PCA3 improved the
accuracy of predicting PCa in men with a serum PSA ranging from 2 to 10 ng/mL at initial
biopsy. This test outperformed percent fPSA in these patients [157]. In a validation study
involving 1.525 men, MyProstateScore was able to avoid unnecessary biopsy in 33% of
patients while missing 3% of GG > 2 PCa [158]. Moreover, in a recent study based on
540 men, Tosoian et al. reported that MyProstateScore was significantly higher in
patients with GG > 2 PCa than those with negative or GG1 biopsy in the overall
population and when stratified by PI-RADS score [159]. Nonetheless, in the PI-RADS 3
population, MyProstateScore showed the best clinical performance for predicting GG >

2 PCa with an AUC of 0.73 compared to 0.55 for serum PSA and 0.62 for PSA density. In
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addition, it has been observed that when using a cut-off of < 25, nearly 39% of men with
PI-RADS 3 lesions could potentially avoid unnecessary biopsies, while missing 6% of

patients with GG > 2 PCa.

1.2.7. ExoDx

The ExoDx prostate Intelliscore is a non-DRE urine exosome-based assay that
measures PCA3 and TMPRSS-ERG exosomal RNA levels along with a control gene: SPEDF.
In addition, the test integrates clinical variables such as serum PSA, race, age and family
history of PCa, in order to accurately predict the likelihood of detecting a GG > 2 PCa on
biopsy. Currently, this assay is indicated in men over 50 years of age with serum PSA
levels between 2 and 10ng/mL who are scheduled for an initial prostate biopsy due to
an abnormal DRE or elevated serum PSA [160]. The initial study demonstrated a NPV of
97.5% for the detection of high-risk PCa, with an AUC of 0.803 [161]. In a multicenter
study, the ExoDx assay combined with clinical variables, was found to be significantly
superior in predicting the presence of a GG > 2 PCa and negative biopsy results than
either ExoDx assay or the clinical variables alone. The study used a predefined cut-off
point of 15.6 and reported a NPV of 91%, a sensitivity of 92% and an 8% rate of missing

a GG > 2 PCa [160].

1.2.8. Stockholm-3 model
The Stockholm-3 model (STHLM3) is a risk-based model developed to improve

the early detection of csPCa as an alternative to serum PSA [162]. It combines five
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plasma protein markers (total PSA, free PSA, human kallikrein 2, macrophage inhibitory
cytokine-1 and microseminoprotein-B), over 101 genetic markers (single nucleotide
polymorphisms) and clinical data such as age, previous biopsy results, family history and
the use of 5-ARI, to determine the risk of having a PCa GS > 7 [162]. In a large population
cohort in Sweden including men aged 50 to 69 years, the STHLM3 was shown to reduce
the number of biopsies by one third while maintaining the same sensitivity to detect
csPCa compared to serum PSA results [162]. This new test was also analyzed in
combination with mpMRI and was found to perform as well as serum PSA in detecting
csPCa, while also reducing the number of mpMRI by 36% and biopsy procedures by 8%
[163]. These studies suggest that STHLM3 can improve the PCa diagnostic process
compared to PSA, by reducing the number of false-positive and low-grade PCa detected
on biopsy. Nevertheless, it should be noted that STHLM3 showed improved

effectiveness but at additional costs compared to serum PSA [164].

1.2.9. Other biomarkers

Several tissue-based biomarkers have been developed to aid in the decision-
making and determine the need for active treatment or active surveillance. Oncotype
DX genomic prostate score utilizes a real-time polymerase chain reaction to measure
the expression of 12 genes involved in different neoplastic pathways, compared to 5
reference genes [165]. The resulting score provides information on the risk of PCa death,
metastasis within ten years and the likelihood of Gleason score upgrading after radical
prostatectomy [165-167]. On the other hand, Prolaris evaluates the tumor

aggressiveness using tissue from either prostate biopsies or radical prostatectomy
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specimens. It measures the expression of 31 genes known to be upregulated in
aggressive PCa, as well as 15 reference genes, and generates a cell-cycle progression
score [168]. The Prolaris score has been found to be associated with the risk of
biochemical recurrence, metastatic disease and death from PCa [169, 170]. Finally,
Decipher is another tissue-based assay used for risk stratification after surgery. It was
developed based on prostate tissue from 545 men who underwent radical
prostatectomy, of which, 213, developed metastatic disease. Decipher measures the
expression of 22 genes that were overexpressed in patients who developed metastatic
disease compared to controls [171]. The primary use of this marker is to assess the risk
of disease progression in patients with high-risk features identified on radical
prostatectomy specimens. Thus, being able to stratify patients with adverse pathology,
guiding the decision between adjuvant radiation therapy and active surveillance [172,

173].

1.2.10. Proclarix

Proclarix (Proteomedix, Schlieren, Switzerland) is a recently introduced blood-
test based on the combination of serum trombospondin-1 (THBS1), cathepsin D (CTSD),
total PSA, and percent free-PSA in addition to age, providing a risk score of csPCa [174—
176]. THBS1 and CTSD were initially identified using a discovery mass spectrometry-
based proteomics approach [177] and were subsequently observed in a PTEN knockout
mouse model silencing the PI3K/PTEN cancer pathway that is involved in the
carcinogenesis and progression of PCa [178] and in serum of men with and without PCa

[179]. Clinical testing of individual immunoassays for the quantification of several
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glycoproteins was performed, and THBS1 and CTSD were ultimately selected because
their measurement improved the accuracy of the percentage of fPSA in distinguishing
men with and without csPCa [180]. This novel diagnostic test has been developed and
validated in men with serum PSA levels between 2 and 10ng/L, prostate volume 2 35cc
and normal DRE, to distinguish men without PCa or iPCa from those with csPCa. The
recommended threshold for Proclarix is 10%, with a 90% sensitivity to detect csPCa [175,

176, 181].
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Rationale of the study

Prostate cancer is the second most-frequently diagnosed neoplasm among men,
accounting for approximately 15% of all cancers reported worldwide [182]. Suspicion of
PCa continues to be based on serum determination of PSA and DRE. Nonetheless,
definitive diagnosis of the neoplasm requires its demonstration by a prostate biopsy.
Unfortunately, this diagnostic approach has a low specificity, resulting in an excessive
number of unnecessary biopsies and an overdetection of iPCa [183]. Many tools have
been employed in order to enhance the specificity of serum PSA, such as PSA density
[70], age-related ranges of PSA [184], percentage of free PSA [185], and more recently,
through some novel blood or urine markers. However, mpMRI has change the paradigm
of early detection of PCa, establishing the risk of csPCa through the PI-RADS categories
[186]. In addition, this imaging tool allows MRI-targeted biopsies of suspicious areas
which increase the sensitivity of systematic biopsies for csPCa. The NPV of mpMRI (PI-
RADS <3) reaches up to 90% (80-95%) [23, 187]. Prostate biopsies are recommended in
men with PI-RADS > 3 when the risk of csPCa is below 20%, and those with PI-RADS 4
and 5 in whom csPCa is detected around 50% and 80%, respectively [186, 188]. In these
challenging scenarios where the rate of csPCa detection is low, parameters such as
PSAD, modern markers or predictive models may be helpful [189, 190]. Nonetheless,
the use of mpMRI is hampered by the cost and access to imaging in many hospitals.
Therefore, an appropriate selection of candidates for mpMRI and after mpMRI specially
in men with PI-RADS 3 lesions derivate biopsies may contribute to this strategy [191,
192].

Proclarix is a newly introduced test that has been developed to detect csPCa in men
with serum PSA levels between 2 and 10ng/mL, a PV > 35mL and a normal DRE, with a

recommended threshold of 10% [175, 176, 181]. Since this new marker has been
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recently introduced with a lack of clinical development according to the currently
recommended approach of csPCa early detection, based on pre-biopsy mpMRI and
avoiding prostate biopsies when PI-RADS < 3 lesions [188], it is justified a project aiming
to know its potential clinical usefulness in this new scenario of csPCa early detection. It
is necessary to determinate how a new marker can decrease the mpMRI demand and
improve the selection of candidates for prostate biopsy. Finally, it is also needed to

assess the relationship between Proclarix and the aggressiveness of PCa.
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Hypothesis

Proclarix is a new tumor marker that has been developed with the aim of
enhancing the early detection of clinically significant prostate cancer (csPCa). It is
expected that this marker will lower the demand of multiparametric magnetic
resonance imaging (mpMRI) in men with suspicion of PCa and improve the selection of
candidates for prostate biopsy based on the current recommended PCa diagnostic

approach, as well as being correlated with PCa aggressiveness.
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Objectives

To contrast the hypotheses proposed in the previous section, we defined the

following main objective:

- To investigate the clinical utility and effectiveness of Proclarix in men

with suspected csPCa before and after mpMRI.

Moreover, we also proposed the following secondary objectives:

1. To analyze through a systematic review of the literature, how Proclarix was

discovered, its characteristics, and the clinical development until the beginning of this

project.

2. To evaluate the role of Proclarix in reducing the number of unnecessary prostate

biopsies in men with suspected PCa.

3. To compare the performance of Proclarix with PSA density and the Rotterdam-MRI

risk-calculator in identifying suitable candidates for prostate biopsy.

4. To analyze the relationship between Proclarix and PCa aggressiveness.
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Purpose: To analyze how Proclarix is valuable to appropriately select candidates for multiparametric magnetic resonance im-
aging (mpMRI) and derived biopsies, among men with suspected prostate cancer (PCa). Proclarix is a new marker computing
the clinically significant PCa (csPCa) risk, based on serum thosmbospondin-1, cathepsin D, prostate-specific antigen (PSA)
and percent free PSA, in addition to age, that has been developed in men with serum PSA 2 to 10 ng/mL, prostate volume
235 mL, and normal digital rectal examination (DRE).

Materials and Methods: Proclarix score (0%-100%) is analyzed in a prospective frozen serum collection of 517 correlative
men scheduled for guided and/or systematic biopsies after mpMRI. Outcome variables were csPCa detection (grade group
22), insignificant PCa (iPCa) overdetection and avoided mpMRIs.

Results: The area under the curve of Proclarix was 0.701 (95% CI 0.637-0.765) among 281 men with serum PSA 2 to 10 ng/
mL, prostate volume =35 mL, and -normal DRE, and 0.754 (95% Cl 0.701-0.807) in the others, p=0.038. Net benefit of Pro-
clarix existed in all men. After selecting 10% threshold, Proclarix was integrated in an algorithm which also used the serum
PSA level and DRE. A reduction of 25.4% of mpMRIs request was observed and 17.7% of prostate biopsies. Overdetection of
iPCa was reduced in 18.2% and 2.6% of csPCa were misdiagnosed.

Conclusions: Proclarix is valuable in all men with suspected PCa. An algorithm integrating Proclarix score, serum PSA, and
DRE can avoid mpMRI requests, unnecessary prostate biopsies and iPCa overdetection, with minimal loss of csPCa detection.
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INTRODUCTION

Early detection of clinically significant prostate can-
cer (csPCa) can decrease the specific mortality of PCa
[1]. PCa is suspected through the elevation of serum
prostate-specific antigen (PSA) and/or abnormal digital
rectal examination (DRE), and classically systematic bi-
opsies have confirmed the diagnosis [2]. This approach
has been criticised for the high rate of unnecessary bi-
opsies and the overdetection of insignificant PCa (iPCa)
[3]. Many tools have been used to increase the specific-
ity of PCa suspicion; however, the true improvement of
early detection of ¢sPCa has come from multiparamet-
ric magnetic resonance imaging (mpMRI) and guided
biopsies [2] mpMRI can achieve a negative predictive
value of up to 90%, while guided biopsies increase the
sensitivity for csPCa, especially when they are associat-
ed with systematic biopsies [4] However, this approach
is hampered by the cost and access to imaging in many
sites. Therefore, an appropriate selection of candidates
for mpMRI and derived biopsies may contribute to this
strategy [5,6], by using appropriate biomarkers and risk
calculators possible tools [7).

Proclarix (Proteomedix, Schlieren, Switzerland) is a
new blood-based CE-marker test based on the combina-
tion of serum thrombospondin-1 (THBS1), cathepsin D
(CTSD), total PSA, and percent free-PSA in addition to
age, providing a risk score of csPCa [8-10] THBSI and
CTSD were identified from a mass spectrometry-based
proteomics discovery approach [11] in a PTEN knock-
out mouse model of the PI3K/PTEN cancer pathway,
which is involved in the carcinogenesis and progression
of PCa [12.13). Both glycoproteins, determined through
specific immunoassays, improve the accuracy of per-
cent-free PSA and age to distinguish men with csPCa
[14]. Proclarix was developed in men with serum PSA
between 2 and 10 ng/mL, prostate volume =35 ml, and
normal DRE and 10% threshold has been recommend-
ed due to its 90% sensitivity for ¢csPCa [10]. The current
challenge is how to make the best use of Proclarix in
the current setting of esPCa diagnosis

Qur primary endpoint is to analyze the role of Pro-
clarix to select suitable candidates for mpMRI and de-
rived prostate biopsies among men with suspected PCa.
Secondary endpoints are (1) to analyse associations of
Proclarix with elinicopathological features of men with
suspected PCa, (2) to know if Proclarix is valuable in
men with suspected PCa and serum PSA outside the
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2 to 10 ng/mL range, or prostate volume <35 ml., or
abnormal DRE, and (3) to design an algorithm with
Proclarix and clinical data to appropriately select can-
didates for mpMRI and derived prostate biopsies.

MATERIALS AND METHODS

1. Design, setting, and participants

A retrospective analysis was carried out in a prospec-
tive database and frozen serum collection of 567 men
with suspected PCa, 433 (76.4%) biopsy naive, scheduled
for prostate biopsy after mpMRI (2], in Vall d'Hebron
University Hospital, from 11 January 2018 to 12 March
2020. Blood samples were obtained immediately before
prostate biopsy, and serum was stored at -80°C (Collec-
tion 0003439; https//biobancoesisciiies). Men with PCa
on active surveillance and those with symptomatic
benign prostatic hyperplasia on 5{Symbol - a]reductase
inhibitors were previously excluded. The clinicopatho-
logical characteristics of this cohort study are summa-
rized in Supplement Table 1.

2. Intervention

THBS-1, CTSD, total PSA, and free PSA were de-
termined with specific immunoassays at Proteomedix
(Zurich-Schlieren, Switzerland). Then, THBS-1 and CTD
levels, percent free PSA, and age were computed in an
algorithm that reported a score ranging from (% to
100%.

3. MpMRI technique and evaluation

Magnetic resonance was acquired on a 3-T scanner,
using a surface phased-array coil (Magneton Trio; Sie-
mens Corp,, Erlanger, Germany). The acquisition proto-
col included T2-weighted imaging, diffusion-weighted
imaging and dynamic contrast-enhanced imaging, ac-
cording to the European Society of Urogenital Radiolo-
gy guidelines [15]. Two expert radiologists analysed im-
ages and reported them according to Prostate Imaging-
Reporting and Data System (PI-RADS) v.20 [16].

4. Prostate biopsy procedure and pathologic
analysis
Guided biopsies obtained 2 to 3 cores from each PI-
RADS v.20 =3 lesion through the TRUS-MRI cognitive-
[usion technique [17]. A 12<core systematic biopsy was
also performed in all men. All biopsies were performed
through transrectal approach by one experienced urol-
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Table 1. Behaviour of Proclarix, and univariate analysis regarding to clinical characteristics of the study population and its pathologic features

Characteristic Men Proclarix (%) p-value

Biopsy result 567 (100.0)

Benign 271(47.8) 21.3(9.5-34.6) -

Prostate cancer 296 (52.2) 39.6 (24.9-65.7) <0.001"
Grade group in biopsy 296 (100.0)

1 66 (22.3) 26.6 (14.6-40.6) 0.026"

2 87(29.4) 39.1(23.2-56.0) <0.001

3 61(20.6) 38.4(25.5-53.6) 0.861

4 51(17.2) 53.6(31.2-51.0) 0.018

5 31(10.5) 74.5 (46.3-98.0) 0.047
Clinical stage (TNM) 296 (100.0)

Localized (cT1-2 NO M0) 263 (88.9) 37.3(22.6-57.1) <0.001*

Locally advanced (cT3-4 NO MO) 22(7.4) 60.1(36.1-94.9) <0.001

Disseminated (cT1-4 NO-1 M0-1) 11(3.7) 97.4(51.6-100) <0.001
Localized prostate cancer recurrence risk 263 (100.0)

Low 56(21.3) 24.8(14-4-37.7) 0.198°

Intermediate 136 (51.7) 34.1(23.6-534) <0.001

High 71(27.0) 57.3(31.4-80.9) <0.001
Type of prostate cancer 296 (100.0)

Insignificant 66(22.2) 26.5 (14.6-40.6) 0.024"

Clinically significant 230(77.8) 45.8 (28.3-70.5) <0.001
Type of pathology 80(100.0)

Favorable 8(10.0) 14.9 (6.1-38.7) 0.258"

Unfavorable 72(90.0) 30.3(20.0-47.2) 0.048

Values presented as number (%) or median (interquartile range).
“p-value referred to benign biopsy result.

ogist (A.C) using a BK Focus 400 ultrasound scanner
(BK Medical Inc,, Herlev, Denmark). Biopsy samples
were sent. separately to the pathology department,
where two expert pathologists analysed them (M.ES.
and LT.). The International Society of Urological Pa-
thology (ISUP) grade groups (GG) were used for grad-
ing tumours [18]. ¢sPCa was defined when GG >2 [19].
In men subjected to radical prostatectomy, favorable
pathology was defined when GG <2 and pT <3, and
unfavorable pathology was defined when GG =2 or pT
>3,

5. Endpoint variables
esPCa detection, iPCa overdetection, avoided mpM-
Rls, avoided prostate biopsies, misdiagnosis of csPCa.

6. Populations included in the study

The development population was defined as those
men who had the same characteristic as those included
in the development of Proclarix, PSA 2 to 10 ng/ml,,
and prostate volume =35 mL, and normal DRE (Subset

1). An additional population was men who did not meet
any of these conditions (Subset 2).

7. Statistical analysis

Quantitative variables were expressed as medians
and interquartile ranges. Qualitative variables were
expressed as rates. Comparisons between quantitative
variables were performed with the Mann-Whitney U-
test and the Kruskal-Wallis test. Qualitative variables
were compared with the chi-square test and the Fisher
correction if necessary. Receiver operating characteris-
tic (ROC) curves were constructed and areas under the
curve (AUC) were evaluated and compared with the
DeLong test. Binary logistic regression analysis was
performed to assess predictors of esPCa and generate
predictive models. Decision curve analyses (DCAs) were
generated to assess net benefits between predictors.
Significant differences were assessed when the p-value
was less than 5%. SPSS v.25 (IBM Corp, Armonk, NY,
USA) and R programming language v.331 (The R Sta-
tistical Foundation, Vienna, Austria) were used.

www.wjmh.org 3
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Table 2. Analysis of predictors for clinically significant prostate cancer detection in the entire study population

Univariate analysis Multivariate analysis
Predictor 0dds ratio 0dds ratio
(95% confidence interval) pvallie (95% confidence interval) Heane
Age (ref. previous year) 1.079 (1.052-1.106) <0.001 1.040 (0.879-1.069) 0.186
Prostate cancer family history (ref. no) 1.344 (0.708-2.550) 0.366 1.534(0.794-2.963) 0.203
Type of biopsy (ref. initial) 0.785 (0.502-1.225) 0.286 0.757 (0.477-1,201) 0.237
Digital rectal examination (ref. normal) 2.607 (1.290-4.682) <0.001 1.980 (0.785-3.717) 0.094
Prostate-specific antigen (ref. previous ng/mL) 1.028 (1.013-1.053) <0.001 1.001 (0.991-1.011) 0.858
Proclarix (ref. previous percent value) 1.034 (1.023-1.044) <0.001 1.042 (1.028-1.057) <0.001

8. Ethics statement

Our study was conducted in line with Good Clinical
Practice guidelines and the ethical principles laid down
in the latest version of the Declaration of Helsinki
(2013). Before inclusion, all participants signed a writ-
ten informed consent about the collection and stor-
age of material and personal data in accordance with
national bylaws. All anamnestic, clinical and labora-
tory data containing sensitive information about pa-
tients were de-identified in order to ensure analysis of
anonymous data only. The present study protocol was
reviewed and approved by Vall d’'Hebron Ethics Com-
mitee (Reg. No. PR-AG129/2020).

RESULTS

1. Behaviour of Proclarix regarding the
clinicopathological characteristics of men
with suspected PCa

The associations between Proclarix and clinical and
pathological features of the study cohort are sum-
marized in Table 1. The median score of Proclarix in

men with a benign result of prostate biopsy was 21.3%,

which is significantly lower than the median of 396%

observed in men with PCa, p<0.001. The median score

of Proclarix in men with GG1 PCa was 26.6%, which is
significantly higher than that observed in men with
benign prostate biopsy, p=0.026. Therefore, the Pro-
clarix score increased with GG, p<0.05, except. between
3G2 and GG3 tumours, p=0.861. The median Proclarix
score in clinically localized PCa was 37.3%, 60.1% in
locally advanced PCa, and 97.4% in metastatic PCa,
p=<0.001. The median Proclarix score in low-risk, clini-
cally localized PCa was 24.8%, which is similar to the
median in men without PCa, p=0.198. The median Pro-
clarix score increased to 34.1% in intermediate-risk PCa

4  wwwwjmh.org

and 57.3% in high-risk PCa, p<0.00L. The median Pro-
clarix score was 458% in men with ¢sPCa and 265%
in iPCa, p<0.001. Among 80 men subjected to radical
prostatectomy, the median Proclarix score was 14.9%
when the pathology was favorable, being it similar to
that observed in men with benign tissue at prostate
biopsy, and the median Proclarix score was 30.3% when
the pathology was unfavorable, p=0.048.

2. Analysis of Proclarix as a predictor of
csPCa in men with suspected PCa before
mpMRI

Univariate analysis including age, PCa family his-
tory, type of biopsy (initial versus repeat), DRE, serum
PSA, and Proclarix as potential predictors of esPCa,
showed age, DRE, serum PSA, and Proclarix were sig-
nificantly associated with csPCa, Table 2. Thereafter, a
logistic regression analysis showed that the quantita-
tive Proclarix score was the only independent predictor
of esPCa, odds ratio (OR) 1.042 (95% confidence interval
[CI] 1.028-1.057), p<0.001, Table 2. The ROC curve of the
Proclarix score presented in Fig. 1A, had an AUC of
0767 (95% CI 0.730-0.805). DCA showing the net ben-
efit of Proclarix is presented in Fig. 1B.

In our entire study cohort, the recommended 10%
threshold of Proclarix presented a sensitivity for esPCa
of 97.4%, specificity of 26.7%, a negative predictive
value of 938%, and a positive predictive value of 47.6%.
In summary, 16.9% of mpMRI requests and derived
prostate biopsies will be avoided, as will 26% of ¢sPCa
misdiagnosis, Table 3. The characteristics of six men,
identified with false-negative Proclarix results, are
summarized in Supplement Table 2 two men had GG 2,
one had GG 3, two men had GG4, and one had GG5.
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Flg. 1. Receiver operating characteristic curves of Proclarix score for clinically significant prostate cancer, and decision curve analysis showing its net
benefit in front of biopsying all men with suspected prostate cancer in the overall population (A, B), in men with serum prostate-specific antigen 2
to 10 ng/mL, prostate volume =35 mL, and normal digital rectal examination (Subset 1) (C, D), and men with serum prostate-specific antigen out of
the interval 2 to 10 ng/mL, or prostate volume <35 mL, or abnormal digital rectal examination (Subset 2) (E, F). AUC: areas under the curve.

3. Behaviour of Proclarix as a predictor
of csPCa in men with suspected PCa
regarding the level of serum PSA, prostate
volume, and DRE
Among our correlative series of 567 men with sus-
pected PCa, 281 (496%) had serum PSA between 2 and
10 ng/mL, prostate volume >35 mL, and normal DRE

(Subset 1), while 286 (50.4%) has serum PSA outside the
2 to 10 ng/mlL range, or prostate volume <35 ml,, or ab-
normal DRE (Subset 2). The characteristics of both sub-
sets are presented in Supplement Table 3. We highlight
that the median Proclarix score was 21.0% in Subset 1
and 41.0% in Subset 2, p<0.001, and the rate of ¢sPCa
was 25.6% in Subset 1 and 55.2% in Subset 2, p<0.00L

www.wjmh.org 5
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Table 3. Parameters of efficacy of Proclarix score (threshold 10%) to
detect clinically significant prostate cancer in overall study population

Parameter Value

Sensitivity 224/230(97.4)
Specificity 90/337 (26.7)
Negative predictive value 90/96 (93.8)
Positive predictive value 224/471 (47.6)
Accuracy 314/567 (55.4)
Avoided magnetic resonance imaging 96/567 (16.9)
Undetected clinically significant prostate 6/230(2.6)

cancer
Odds ratio (95% confidence interval)
p-value

13.603 (5.838-31.698)

<0.001

Values are presented as number (%).
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Logistic regression analysis for csPCa was performed
in both subsets of men and is shown in Table 4. We
highlight that Proclarix score was the only significant
and independent. predictor of csPCa, OR 1.037 (95% C1
1.018-1.056), p<0.001, in Subset. 1, and OR 1057 (95% CI
1.022-1.083), p<0.001, in Subset 2. The ROC analyses ol
the Proclarix score in the men of Subset 1 is presented
in Fig. 1C, with AUC=0.701 (95% CI 0.637-0.765). DCA
showing the net benefit of Proclarix is presented in
Fig. 1D. Among men of Subset. 2, the ROC analyses of
Proclarix score is presented in Fig. 1E, with AUC=0.754
(95% CI 0.701-0.807; p=0.038). DCA showing the net
benefit of Proclarix is presented in Fig. 1F (p=0.038).
The parameters of the efficacy of Proclarix using the
threshold of 10% in both subsets of men are summa-

Table 4. Logistic regression analysis of candidate predictors for clinically significant prostate cancer detection regarding the characteristic of men

with suspected prostate cancer
Subset 1 Subset 2
Predictor 0Odds ratio 0Odds ratio
(95% confidecne interval) pslue (95% confidence interval) paie
Age (ref. previous year) 1.005 (0.960-1.051) 0.845 1.032 (0.945-1.102) 0.189
Prostate cancer family history (ref. no) 1.397 (0.541-3.602) 0.490 1.707 (0.654~4.455) 0274
Type of biopsy (ref. initial) 1.225(0.619-2.422) 0.560 0.510(0.270-0.963) 0.138
Digital rectal examination (ref. normal) - 1.637 (0.980-3.610) 0.089
Prostate-specific antigen (ref. previous ng/mL) 0.957 (0.817-1.120) 0.581 1.001(0.990-1.011) 0912
Proclarix (ref. previous percent) 1.037 (1.018-1.056) <0.001 1.057 (1.022-1.083) <0.001

- not available.

Subset 1 (men with serum prostate-specific antigen 2 to 10 ng/mL, and prostate volume =35 mL, and normal digital rectal examination), and

Subset 2 (men who do not meet any of the previous characteristics).

Table 5. Parameters of efficacy for Proclarix, using a threshold of 10%, regarding the characteristics of men

Parameter Subset 1 Subset 2
Sensitivity 69/72 (95.8) 155/158 (98.1)
Specificity 68/209 (32.5) 22/128(17.2)
Negative predictive value 68/71(95.8) 22/25 (88.0)
Positive predictive value 69/219(31.5) 155/261 (59.4)
Correct classification 137/281 (48.8) 177/286 (61.9)
Avoided magnetic resonance imaging 71/281(25.3) 25/286 (8.7)
Undetected clinically significant prostate cancer 3/72(4.2) 3/158(19)
Odds ratio (95% confidence interval) 11.092 (3.369-36.519) 10.720 (3.130-36.735)
p-value <0.001 <0.001
Prostate cancer detection 117/281 (41.6) 179/286 (62.6)
Clinically significant prostate cancer detection 72/281(25.6) 158/286 (55.2)
Insignificant prostate cancer detection 45/281(16.0) 21/286 (7.3)

Values are presented as number (%).

Subset 1 (men with serum prostate-specific antigen 2 to 10 ng/mL, and prostate volume =35 mL, and normal digital rectal examination), and

Subset 2 (men who do not meet any of the previous characteristics).

6  wwwwjmh.org
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rized in Table 5. We highlight that Proclarix presented
a sensitivity of 95.8% in Subset 1 and 981% in Subset 2,
and specificities of 325% and 172%, respectively. From
the clinical point of view, Proclarix will avoid 253% of
mpMRI and derived prostate biopsies in Subset 1 with
42% misdiagnosis of esPCa, while in Subset 2, these
rates were 87% and 1.9%, respectively.

4. Design of an algorithm integrating the
characteristics of serum PSA, DRE, and
Proclarix to select appropriate candidates
for mpMRI and derived prostate biopsies

We detected 48 men (85%) with +DRE and PSA =10
ng/mL in whom mpMRI and guided biopsies do not in-
crease the efficacy of systematic biopsies [20]. Proclarix
was >10% in all these men and e¢sPCa was detected in

43 (896%); Fig. 2. We also confirmed that guided biop-

sies did not increase the rate of esPCa detection. Both

systematic and guided biopsies detected 8 men with

GG=2, 10 with GG=3, 11 with GG=4, and 14 with GG=5.

Therefore, we propose that men with +DRE and PSA

>10 ng/mL will be directly schedule for systematic bi-

opsies (Iig. 3). Among the remaining 519 men who had
normal DRE, or abnormal DRE with serum PSA <10
ng/ml, Proclarix was <10% in 96 (185%). iPCa was de-
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tected in 12 (182% of all iPCa) and esPCa was detected
in 6 (26% of all esPCa). Proclarix was >10% in 423 men
(81.5%). iPCa was detected in 54 (84.8% of all iPCa),
and csPCa was detected in 181 (787% of all esPCa) (Fig.
2). We propose avoiding mpMRI and derived prostate
biopsies among men with Proclarix <10% and perform-
ing guided and/or systematic prostate biopsies in those
with Proclarix >10% (Fig. 3). This algorithm will avoid
254% of mpMRlIs, 17.5% of prostate biopsies, and 182%
of iPCa overdiagnosis, with 2.6% misdiagnoses of esPCa
(Fig. 3).

Among 423 men with PI-RADS 23 in whom guided
and systematic biopsies were performed, esPCa was
detected in 181 (42.8%). In 121 men, both biopsies identi-
fied esPCa (669%), only the guided biopsies identified
esPCa in 31 (17.1%), and only the systematic biopsies
identified csPCa in 28 (15.5%), p=0.458.

DISCUSSION

The new marker Proclarix has been associated with
PCa grading, but used to compare men without PCa
or GG 1 with those with GG 2 or 3 and those with GG
4 or 5 [10,21]. The present study confirms that Pro-
clarix score is associated with the GG, but it cannot

—

Men with suspected PCa and mpMRI

n=567

]

+DRE & PSA <10 ng/mL or -DRE

+DRE & PSA >10 ng/mL

n=519 (91.5%) n=48 (8.5%)
<10 >10 <10 :
n=96 (18.5%) @ n=423 (81.5%) n=0 (0%)
PI-RADS| N (%) PCaI(%) iPCa (%) [csPCa (%))  [PI-RADS| n (%) PCal[%) iPCa (%) [csPCa (%) >10
1-2 |3031.6)| 267 | 267 | 0(0) 1-2 |66 (15.6)| 13 (19.7)] 7 (108) | 6(9.1) n=48 (100%)
3 |36 (37.9)| 7(194) | 7(194) | 0(0) 3 |131(308)| 43 (328) | 19 (14.5) | 24 (18.3)
4 |24(250)| 7(304) | 2(87) | 5(21.7) 4 |156(36.9)112(72.0)] 23(14.7)[89(57.1)|  [prRADS| n(%) | PCa (%) ]iPCa (%) |csPCa (%)
5 | 6(63) | 2(334) | 1(16.7) | 1(167) 5 | 70(165)|67(957)| 5(7.1) |62 (88.6) 1-2 | 4(83) | o@ | 0@ | 0@
Al | 96(100) | 18(18.9)[ 12 (126)| 6(6.3) Al 1423 (100)[235 (55.6)| 54 (12.8) |181 (42.8) 3 | z@2) | 160) | 00 | 160
[ | 4 [10(08)]100100)[ 0@ |[10(100)
csPCa 6 (2.6%) csPCa 181 (78.7%) 5 |3266.7)] 321000 0(0) [32(100)
iPCa 12 (18.2%) iPCa 54 (84.8%) Al | 48 (100) [43(896)| 0(0) |43(896)
csPCa 43 (18.7%)
iPCa 0 (0%)

Flg. 2. Multiparametric magnetic resonance imaging reports (PI-RADSv.2) and prostate biopsy results regarding the proposed algorithm in men
with suspected PCa, based on serum PSA >3.0 ng/mL and/or abnormal DRE, in whom mpMRI and guided and/or systematic biopsies were per-
formed. PCa: prostate cancer, mpMRI: multiparametric magnetic resonance imaging, DRE: digital rectal examination, PSA: prostate-specific anti-

gen, csPCa: clinically significant PCa, iPCa: insignificant PCa.
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PCa

P

—

+DRE & PSA <10 ng/mL or -DRE ]

PI-RADS <3

Guided biopsies and
systematic biopsy

Systematic biopsy

Overall efficacy
Avoided mpMRI: 144/567 (25.4%)
Avoided biopsies: 99/567 (17.5%)
Misdiagnosis of csPCa: 6/230 (2.6%)

Decrease of iPCa overdiagnosis: 12/66 (18.2%)

distinguish between GG 2 and GG 3. We also report
that Proclarix is associated with the clinical stage of
PCa and the risk of recurrence of treated localized
PCa. Nowadays, only the recently published PROPOSe
study has analyzed the relationship between Proclarix
score and the results of mpMRI The authors analyze
the biopsy results in 121 men with positive mpMRI,
suggesting that Proclarix represents a valuable rule-
out test in the diagnostic algorithm for PCa, alone or
in combination with mpMRI [21].

Proclarix has been used in men with PSA between
2 and 10 ng/mlL, prostate volume <35 ml, or abnormal
DRE [10-14,21]. We have tested Proclarix in men out-
side of these characteristics, representing half’ of our
correlative case mix of men with suspected PCa. This is
especially relevant with the prostate volume, which is
currently not known before mpMRI because transrec-
tal ultrasonography is not usually performed for this
purpose [22]. Both populations are different in terms
of esPCa incidence, which was 25.3% and 55.5%, respec-
tively. The sensitivity of Proclarix was very high in
both subsets of men, 95.8% in men with PSA between
2 and 10 ng/mlL, prostate volume <35 mL, or abnormal
DRE and 98.1% in the others. However, the specifici-
ties were 325% and 17.2% respectively. To summarize,
Proclarix showed net benefit in both subsets of men
with suspected PCa; however, Proclarix was able to
reduce 25.3% of mpMRI and derived prostate biopsies
in men with serum PSA 2 to 10 ng/mL, and prostate
volume =35 ml,, and normal DRE, while it reduced 87%

8  wwwwjmh.org

PSA >3 ng/mL andior +DRE |

| +DRE & PSA >10 ng/mLI

Systematic biopsy

Flg. 3. Overall efficacy of a proposed al-
gorithm, which uses Proclarix evaluation,
after PCa suspicion, in men with abnor-
mal DRE and serum PSA <10 ng/mL, and
those with normal DRE. Men with abnor-
mal DRE and serum PSA >10 ng/mL are
directly scheduled to systematic biopsy
without previous mpMRI. PCa: prostate
cancer, PSA: prostate-specific antigen,
DRE: digital rectal examination, mpMRI:
multiparametric magnetic resonance
imaging, csPCa: clinically significant PCa,
iPCa: insignificant PCa.

of mpMRI request in those men who did not meet any
of these characteristics. The misdiagnosis rate of csPCa
was 4.2% and 1.9%, respectively.

We intended to analyze how Proclarix can be used
to select appropriate candidates for mpMRIL Because
there is evidence that men with abnormal DRE and
serum PSA =10 ng/mL do not benefit from mpMRI
and guided biopsies [20,23], we propose that these men
be scheduled directly for systematic prostate biopsy.
The rate of esPCa in these men, who represents around
10% of all men with suspecied PCa, was 89.6%; that
is, 187% of all detected csPCa. Then, we propose that
Proclarix will be evaluated in men with normal DRE,
and those with abnormal DRE and serum PSA <10 ng/
mL, Among these men, around 20% had a Proclarix of
<10%, which was our target, for avoiding mpMRI and
derived prostate biopsies. Here, the misdiagnosis of
csPCa represented 26% of all esPCa detected, and the
overdiagnosis of iPCa was 18.2% of all iPCa detected.
Finally, all men with Proclarix >10% will be scheduled
for guided and/or systematic prostate biopsy. This
overall approach will reduce the request for mpMRIs
by 254%, the number of prostate biopsies by 17.5%, the
overdetection of iPCa by 182%, and the misdiagnosis of
csPCa will be 26%.

The comparison between Proclarix and other mark-
ers is difficult [24-28] SelectMDx seems more sensitive
than mpMRI but less specific [24]. In a cohort of 599 bi-
opsy naive men scheduled to guided and/or systematic
biopsies, SelectMDx will avoid 38% of prostate biopsies
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with 10% of csPCa misdiagnosis [25]. 4K test has been
shared with mpMRI and clinical variables in a predic-
tive nomogram [26]. In a study of 266 biopsy-naive men
in whom 74 csPCa were detected (27.8%), 4K <7.5 will
avoid 32 (12%) mpMRI and 1 esPCa between 74 (14%)
csPCa will be misdiagnosed [27]. Prostate Health In-
dex has been analyzed only in biopsied men with PI-
RADS =3 [28]. Comparisons between markers can be
only effective in head-to-head studies. We believe that
the major strength of Proclarix when used to select ap-
propriate candidates for mpMRI and derived prostate
biopsies, is its high sensitivity for esPCa. Nevertheless,
the final benefit of any strategy for csPCa detection
should be analyzed in terms of health benefit, through
appropriate studies of cost-effectiveness analyzing the
quality-adjusted life years and healthcare cost [29]
Limitations of our study are its retrospective design
and the definition of esPCa used in prostate biopsies
which may not represent the true pathology. External
and multicenter validation of these results is necessary.

CONCLUSIONS

Proclarix is associated with the clinical stage and
grading of PCa, the risk of biochemical recurrence of
treated localized PCa, and the type of pathology from
surgical specimens. Proclarix is valuable for ¢sPCa de-
tection in all men with suspected PCa, independently of
their PSA level, prostate volume, or DRE. Proclarix can
be integrated into an algorithm to select appropriate
candidates for mpMRI and derived prostate biopsies.
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Simple Summary: The selection of proper candidates for prostate biopsy after magnetic resonance
imaging (MRI) has usually been studied in the overall population with suspected prostate cancer
(PCa). However, the performance of these tools can change regarding the Prostate Imaging-Reporting
and Data System (PI-RADS) categories. We compared three different tools: PSA density, MRI-ERSPC
risk calculator and Proclarix in 567 men with suspected PCa (PSA > 3 ng/ml. and/or abnormal rectal
examination) in one academic institution. All patients underwent multiple transrectal ultrasound
guided biopsies after a multiparametric MRI was performed. We concluded that in the overall
population, MRI-ERSPC RC outperformed PSA density and Proclarix, whereas in patients with
lesions PI-RADS < 3 Proclarix was better than the other tools. However, no tool guaranteed 100%
detection of clinically significant PCa in PI-RADS 4 and 5.

Abstract: Tools to properly select candidates for prostate biopsy after magnetic resonance imaging
(MRI) have usually been analyzed in overall populations with suspected prostate cancer (PCa).
However, the performance of these tools can change regarding the Prostate Imaging-Reporting and
Data System (PI-RADS) categories due to the different incidence of clinically significant PCa (csPCa).
The objective of the study was to analyze PSA density (PSAD), MRI-ERSPC risk calculator (RC),
and Proclarix to properly select candidates for prostate biopsy regarding PI-RADS categories. We
performed a head-to-head analysis of 567 men with suspected PCa, PSA > 3 ng/mL and /or abnormal
rectal examination, in whom two to four core transrectal ultrasound (TRUS) guided biopsies to
PI-RADS > three lesions and/or 12-core TRUS systematic biopsies were performed after 3-tesla
mpMRI between January 2018 and March 2020 in one academic institution. The overall detection
of csPCa was 40.9% (6% in PI-RADS < 3, 14.8% in PI-RADS 3, 55.3% in PI-RADS 4, and 88.9% in
PI-RADS 5). MRI-ERSPC model exhibited a net benefit over PSAD and Proclarix in the overall
population. Proclarix outperformed PSAD and MRI-ERSPC RC in PI-RADS < 3. PSAD outperformed
MRI-ESRPC RC and Proclarix in PI-RADS > 3, although none of them exhibited 100% sensitivity for
csPCa in this setting. Therefore, tools to properly select candidates for prostate biopsy after MRI
must be analyzed regarding the PI-RADS categories. While MRI-ERSPC RC outperformed PSAD and
Proclarix in the overall population, Proclarix outperformed in PI-RADS < 3, and no tool guaranteed
100% detection of csPCa in PI-RADS 4 and 5.

Keywords: clinically significant prostate cancer; PSA density; Proclarix; MRI-ERSPC; magnetic
resonance imaging
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1. Introduction

Early detection of clinically significant prostate cancer (csPCa) decreases the specific
mortality of PCa [1]. The classic diagnostic approach to PCa, based on systematic biopsies
after elevated serum prostate-specific antigen (PSA) and /or abnormal digital rectal exam-
ination (DRE) [2], has been disapproved due to high rates of unnecessary biopsies and
an over detection of insignificant PCa (iPCa) [3]. Recent improvements in early detection
of csPCa come from multiparametric magnetic resonance imaging (mpMRI) and guided
biopsies [2].

The efficacy of this new diagnostic strategy for cs’Ca can still be improved by a proper
selection of candidates for prostate biopsy, particularly in uncertain cases [3]. The current
negative predictive value (NPV) of mpMRI, when the Prostate Imaging-Reporting and Data
System (PI-RADS) category is below 3, reaches 95% [4,5], and that is why most clinicians
recommend avoiding biopsies in these cases. Conversely, men with PI-RADS categories
greater than 3 have a likelihood of csPCa ranging from 55% to 95% [6], and almost all
clinicians recommend scheduling prostate biopsies in these circumstances. The probability
of csPCa in PI-RADS category 3 is not higher than 20%, making this an uncertain case [7,8].

Among the proposed tools for improving the proper selection of candidates for
prostate biopsy after mpMRI, PSA density (PSAD) has recently emerged, as MRI pro-
vides the most accurate measurement of prostate volume without additional cost [¢]. PSAD
has been analyzed according to PI-RADS categories and different thresholds have been
proposed depending on the results [10]. Currently, there is no ideal marker to use after
mpMRI [11]; the new marker Proclarix might be an adequate candidate due to its high
sensitivity for csPCa but has not yet been analyzed by PI-RADS category [12,13]. This
test has recently been introduced, providing a risk score of ¢sPCa from 1 to 100% with a
cut-off at 10%, obtaining a high sensitivity and a high negative predictive value (90 and 95%
respectively) [14]. It is based on the serum determination of Thrombospondin-1, Cathepsin
D, PSA and % fPSA, together with age. In addition, predictive models are attractive tools
when they incorporate easily assessed clinical variables, when they are externally validated,
and when web or smartphone applications (apps) are provided for their easy use in clinical
practice, as in the case of the recent MRI-ERSPC risk calculator (RC). However, none of
these has been evaluated by the PI-RADS category [15].

Since the incidence of csPCa increases by PI-RADS category, we hypothesized that
changes in the predictive value of tools to improve the proper selection of candidates for
prostate biopsy will be expected [10]. Therefore, we primarily seek to change the evaluation
paradigm of these tools after verifying our hypothesis. We analyzed the usefulness of
PSAD, the MRI-ERSPC RC, and the new marker Proclarix in a population of men with
suspected PCa, as well as evaluating them by PI-RADS category.

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

This is a prospective comparative study between PSAD, MRI-ERSPC RC and Proclarix
in 567 consecutive men with suspected PCa due to PSA levels >3 ng/mlL and /or abnormal
DRE scheduled for a 3-tesla mpMRI prior to biopsy from 15 January 2018 to 20 March 2020
in one academic institution. Twelve core transrectal ultrasound (TRUS) systematic-biopsies
were performed in all participants, and two to four core TRUS cognitive fusion biopsies
were taken in those patients with suspicious lesions (PI-RADSv.2 > 3). Men with PCa on
active surveillance and those with symptomatic benign prostatic hyperplasia treated with 5-
o-reductase inhibitors were excluded. This project was approved by the Institutional Ethics
Committee (PR-AG129/2020), and informed consent was obtained from study participants.

2.2. Intervention

Proclarix was assessed from serum samples obtained just before prostate biopsies were
performed and stored at —80 “C (Collection 0003439; https:/ /biobancos.isciii.es (accessed
on 13 December 2021)). Thrombospondin 1 (THBS-1), Cathepsin D (CTD), total PSA, and
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free PSA were determined at Proteomedix (Zurich-Schlieren, Switzerland). THBS-1 and
CTD levels were measured with specific immunoassays described previously [16]. Total
PSA and free PSA were analyzed for all samples with the Roche Cobas immunoassay system
(Roche Diagnostics, Rotkreuz, Switzerland), and age was calculated using an algorithm that
reported a score ranging from 0% to 100% [14,17]. PSAD (ng/mL/cc) was estimated from
the PSA level determined in the Proclarix assessment and the prostate volume reported in
the pre-biopsy mpMRI. The MRI-ERSPC likelihood of high-grade PCa (Gleason > 3 +4)
was estimated for every man through the SWOP web application (Prostate Cancer Research
Foundation, Reeuwijk) at www.prostatecancer-riskcalculator.com (accessed on 21 January
2022) [18]. The MRI-ERSP RC includes serum PSA (0.5 to 50 ng/mL), repeat biopsy
(yes/no), DRE (normal/abnormal), prostate volume (10-110 cc), age (50-75 years), and
PI-RADSv.1 [15]. For these calculations, the MRI-based prostate volume was introduced
as well as the PI-RADSv.2 categories [19]. When the observed values were not within the
accepted range, the closest minimum or maximum accepted value was entered.

2.3. Endpoint Measurements

The CsPCa detection rate and avoidable prostate biopsies were the primary endpoint
measurements. CsPCa was confirmed when the ISUP (International Society of Uropathol-
ogy) grade group was >2 [20,21].

2.4. Statistical Analyses

The association between quantitative variables was assessed with the Mann-Whitney
U test and the Kruskal-Wallis test. The associations between qualitative variables were
analyzed with a Chi-square test. The odds ratios (OR) and 95% confidence interval (95% CI)
were also estimated. Receiver operating characteristic (ROC) curves were constructed and
areas under the curve (AUC) were estimated and compared with the DeLong test [22,23].
A decision curve analysis (DCA) was performed to study the net benefits [24] and clinical
utility curves (CUC) were generated to assess the difference between missed csPCa and
avoided biopsies across the continuous likelihood of csPCa [25]. The performance of
predictors with the selected thresholds were analyzed based on sensitivity, specificity,
positive and negative predictive values (PPV and NPV), accuracy, rates of avoided biopsies,
and rate of missed csPCa. A p-value of less than 5% was considered significant. SPSS v.25
(IBM Corp., Armonk, NY, USA) and R programming language v.3.3.1 (The R Statistical
Foundation, Vienna, Austria) were used.

3. Results
3.1. Characteristics of the Study Population and Distribution of Overall PCa, csPCa, and iPCa by
PI-RADS Category

The characteristics of the study population are summarized in Table 1. We highlight
a median age of 69 years and a PSA of 7.0 ng/mL. In addition, 19.2% of patients had an
abnormal DRE, 23.5% were repeated biopsies, and 8.6% had a family history of PCa. The
distribution by PI-RADS categories was 17.6% with PI-RADS < 3, 29.8% with PI-RADS 3,
33.5% with PI-RADS 4, and 19% with PI-RADS 5. The overall rate of detected PCa was
52.6%, 40.9% of csPCa, and 11.7% of iPCa. CsPCa was detected in 6% of men with PI-RADS
<3, 14.8% in PI-RADS 3, 55.3% in PI-RADS 4, and 88.9% in PI-RADS 5, p < 0.001.
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Table 1. Characteristics of the study cohort.

Characteristic Measurement
Number of cases 567
Median age, years (IQR) 69 (63-74)
Median total PSA, ng/mL (IQR) 7.0 (4.9-11.2)
Abnormal DRE, i (%) 109 (19.2)
Median free PSA, ng/mL (IQR) 1.1(0.7-1.7)
Median prostate volume, mL (IQR) 55 (40-76)
Median percent free PSA, % (IQR) 15.1 (10.7-20.6)
Median PSA density, ng/mL/cc (IQR) 0.13 (0.09-0.21)
Repeat biopsy, 1 (%) 133 (23.5)
Family history of PCa, n (%) 48 (8.6%
PI-RADS, n (%)
1-2 100 (17.6)
3 169 (29.8)
4 190 (33.5)
5 108 (19.0)
Overall PCa detection, 1 (%) 298 (52.6)
csPCa detection, 1 (%) 232 (40.9)
iPCa detection, 1 (%) 66 (11.7)

IQR = Interquartile range; PCa = Prostate Cancer; csPCa = clinically significant PCa; iPCa = insignificant PCa.

3.2. Overall Efficacy, Net Benefit, and Clinical Utility of mpMRI, PSAD, MRI-ERSPC RC, and
Proclarix, and Overall Performances after the Selection of Appropriate Thresholds

ROC curves analyzing the efficacy of mpMRI, PSAD MRI-ERSPC RC, and Proclarix
for the detection of in the overall population study are presented in Figure 1a. MRI-ERSPC
RC showed an AUC of 0.856 (95% CI: 0.824-0.888); mpMRI, 0.831 (95% Cl: 0.705-0.786);
Proclarix, 0.745 (95% CI: 0.705-0.786); and PSAD, 0.740 (95% ClI: 0.698-0.782), with p = 0.038.
DCAs showed the highest net benefit for mpMRI at threshold probabilities between 0.1 and
0.45, while MRI-ERSPC RC when the threshold probability was higher, Figure 1b. CUCs
showed the largest area between csPCa missed and avoided biopsy rates at all threshold
probabilities, as shown in Figure lc.
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Figure 1. Efficacy (a), net benefit (b) and clinical utility (c) of Proclarix, PSAD and MRI-ERSPC model
for csPCa detection in the overall population.

Based on the highest possible sensitivity for csPCa, the selected threshold for mpMRI
was PI-RADS 2, with 10% for Proclarix, 0.07 ng/mL/cc for PSAD, and 3% for MRI-ERSPC
RC. The performances of these tools based on the selected thresholds are summarized in
Table 2. We note that mpMRI exhibited a sensitivity of 97.4%, avoiding 17.6% of prostate
biopsies. These parameters were 97.4% and 16.8%, respectively, for Proclarix, 90.1% and
21.0% for PSAD, and 94.4% and 20.6% for MRI-ERSPC RC. The NPVs were 94%, 93.7%,
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80.7%, and 88.9%, respectively. The Grade Group (GG) of missed csPCa for each tool are
also summarized in Table 2.

Table 2. Overall performance of mpMRI, Proclarix, PSAD, and MRI-ERSPC model for csPCa detection.

Parameter mpMRI Proclarix PSAD MRI-ERSPC
Cut-off 1-2 PI-RADS 10% 0.07 ng/mL/ce 3%
Sensitivity (%) 226/232 (97.4) 226/232 (97.4) 209/232 (90.1) 219/232 (94.4)
Specificity (%) 94/335 (28.1) 89/335 (26.6) 96/335 (28.7) 104/335 (31.0)
Negative predictive value (%) 94/100 (94.0) 89/95 (93.7) 96/119 (80.7) 109/117 (88.9)
Positive predictive value (%) 226/467 (48.4) 226/472 (479) 209/448 (46.7) 219/450 (48.7)
Accuracy (%) 320/567 (56.4) 315/567 (35.6) 305/367 (53.8) 323/567 (57.3)
Avoidable biopsies 100/567 (17.6) 95/567 (16.8) 119/567 (21.0) 117 /567 (20.6)
Misdiagnosis of csPCa (%) 6/232 (2.6) 6/232 (2.6) 23/232 (9.9) 13/232 (5.6)

GG2 4 3 10 8

GG3 1 2 [ 1

GG4 1 1 4 2

GG5 0 0 3 0

mpMRI = multiparametric magnetic resonance imaging; PSAD = prostate-specific antigen density; csPCa =
clinically significant prostate cancer; PI-RADS = prostate imaging-report and data system; GG = grade group.

3.3. Efficacy, Net Benefit, Clinical Utility, and Performance of PSAD, MRI-ERSPC RC, and
Proclarix by PI-RADS Category

We will now analyze the behavior of MRI-ERSPC RC, PSAD, and Proclarix for the
detection of by PI-RADS category using the previously selected thresholds. ROC curves
and the AUCs for every tool are presented in Figure 2. We note different morphologies
of these curves and AUCs by PI-RADS categories and in those observed in the overall
population. The AUCs of MRI-ERSPC RC in men with PI-RADS < 3 was 0.516 (95% CI:
0.338-0.693), Figure 2a; 0.657 (95% CI: 0.547-0.766) in men with PI-RADS 3, Figure 2b; 0.676
(95% CI: 0.601-0.752) in men with PI-RADS 4, Figure 2¢; and 0.765 (95% CI: 0.605-0.926) in
men with PI-RADS 5, Figure 2d, with p = 0.031. We found that the largest AUC in men with
PI-RADS < 3 was for Proclarix, at 0.610 (95% CI: 0.416-0.803) in men with PI-RADS < 3,
Figure 2a and 0.703 (95% CI: 0.620-0.786) in those with PI-RADS 3, Figure 2b, with p = 0.039.
In contrast, PSAD exhibited the highest AUC in men with PI-RADS >3, at 0.704 (95% CI:
0.631-0.777) in men with PI-RADS 4, Figure 2c and 0.826 (95% ClI: 0.706-0.945) in those with
PI-RADS 5, Figure 2d, with p = 0.028. DCAs by PI-RADS category showed a net benefit
of Proclarix over PSAD and MIR-ERSPC RC in men with PI-RADS < 3, especially at low
threshold probabilities of csPCa, while neither tool exhibited a clear net benefit in men with
PI-RADS 4 and 5. The CUCs by PI-RADS category are shown in Figure 3a-d. We noted that
the area between the rates of avoided biopsies and missed csPCa was greater for Proclarix
in men with PI-RADS < 3 and for PSAD in men with PI-RADS > 3.
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Figure 2. Efficacy of Proclarix, PSAD, and MRI-ERSPC model for csPCa detection regarding PI-RADS
categories. PI-RADS < 3 (a), PI-RADS 3 (b), PI-RADS 4 (¢), and PI-RADS 5 (d).
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Figure 3. Clinical utility of Proclarix, PSAD, and MRI-ERSPC model for csPCa detection regarding
PI-RADS categories. PI-RADS < 3 (a), PI-RADS 3 (b), PI-RADS 4 (c), and PI-RADS 5 (d).

Proclarix, PSAD, and MRI-ERSPC RC using the selected thresholds with the highest
sensitivity for csPCa by PI-RADS category are summarized in Table 3. We found that
Proclarix was able to detect 100% of csPCa in men with negative mpMRI and men with
PI-RADS 3, avoiding 30% and 21.3% of prostate biopsies, respectively. Proclarix was also
able to reduce 12.1% of prostate biopsies in men with PI-RADS 4 but misdiagnosed 4.8%
of csPCa; these rates were 5.6% and 1%, respectively, in men with PI-RADS 5. PSAD was
able to avoid between 29% and 9.3% of prostate biopsies by PI-RADS categories but missed
between 50% and 4.2% of csPCa, respectively. MRI-ERSPC RC was able to avoid between
63% and 0% of prostate biopsies by PI-RADS categories but missed between 83.3% and 0%
of csPCa, respectively. The GG distribution of misdiagnosed csPCa by PI-RADS category
for each tool is also shown in Table 3.

Table 3. Characteristics of Proclarix, PSAD and MRI-ERSPC regarding PI-RADS category.

PI-RADS  Sensitivity ~ Specificity NPV PPV Accuracy Avoidable Biopsies Misdiagnosis of ¢sPCa GG2  GG3  GG4  GG3
Proclarix (cut-off 10%)

12 sreaony B i o o 30/100 (30) 0/6 () o 0o 0o 0
3 7(‘?{5;’ 3&’;&‘ 3(‘;{,03)" 2(51{,_’2)3 "(‘3111")9 36/169 (21.3) 0/25 (0) o o0 0 o0
4 1?85’_;()5 '(fl’ g? :%gf “()gg/_ ;?7 1}22/_};’0 23/190 (12.1) 5/105 (4.8) 2 1 1 1
5 ‘(’;;3;' (’1’]‘72) (;4 g) 9(?)’3‘:’)2 ‘?f;z"}f;s 6/108 (56) 1/96 (1.0) 1 00 0

PSAD (cut-off 0.07 ng/mL/cc)

12 aeen s b5 o 29/100 (29.0) 3/6(30.0) 1 1 1 0
3 - 20;" . o :? ey "&17"; 45/169 (262) /25 (16.0) £ 0 0 0
3 "l*‘sg_'(?)s 57/ ‘if (25’_ ;5 ‘%_’&5 ‘::l’_ 11?0 35/190 (18.4) 12/105 (11.9) 4 3 3 2
5 'gé' .:‘; (‘;{)‘3) (%_10“) "(33’3? "(%}7”)5 10/108 (9.3) 4/96 (42) 0 2 1 1

MRI-ERSPC model (cut-off 3%)

12 1/6(167) 5(’3]/ ‘;: ?g{ ‘]";‘ :4 3;; 5%;;’“ 63,100 (63) 5/6(833) 3 1 1 0
3 /2584 46(319) 4?._,/25)0 2(11/7?;)9 "Z;Qg‘f 50/169 (29.6) 4/25 (16) 4 00 0
n ‘[(’28/",‘))5 2/86(23)  2/4(50) “(’fé ‘:" “(’;{_ g’“ /190 (21) 2/105 (1.9) 1 1 0 2
5 ':‘l’(/n";’ NA NA "(‘g';_'g)s q(‘;f/._',ff 0/108 (0) 0/9 (0) 0 0 0 0

PI-RADS = prostate imaging-report and data system; NPV = negative predictive value; PPV = positive predictive
value; ¢sPCa = clinically significant prostate cancer; GG = grade group.

4. Discussion

This is the first head-to-head study between PSAD, the externally validated MRI-
ERSPC predictive model, and the new marker Proclarix for the proper selection of candi-
dates for prostate biopsy after mpMRI. Morote et al. [26] analyzed the behavior of Proclarix
in the same series of patients but in the subgroup of men with PI-RADS 3 category. The re-
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sults obtained demonstrated that Proclarix outperformed PSAD in the detection of csPCa in
this specific scenario (PI-RADS 3 category), considered the most uncertain of PI-RADS. This
present work incorporated an evaluation of Proclarix in all PI-RADS categories compared
to PSAD and the predictive model. New and clinically relevant information is provided
from the analysis of these tools by PI-RADS category, in addition to the study carried out
in the overall population of men with suspected PCa, which has been the most frequent
method to report their performances. Clinicians need to know when, where, and how they
should use these tools to avoid unnecessary prostate biopsies in exchange for acceptable
rates of failure to detect csPCa. The relevant questions that clinicians ask are: (1) How
many biopsies are we willing to perform to improve the current negative predictive value
of mpMRI?; (2) What is the csPCa loss rate that we are willing to accept by PI-RADS
category?; and (3) At what cost? For these purposes, we demonstrate that analysis by
PI-RADS category is required.

When the entire population of men with suspected PCa was analyzed, the MRI-ERSPC
model was the most efficient tool for csPCa detection. In addition, the MRI-ERSPC model
exhibited a net benefit over PSAD and Proclarix and outperformed both according to the
differential area between rates of avoided biopsies and missed csPCa shown in the CUCs.
However, the performance of these tools changed when analyzed by the PI-RADS category.
The new marker Proclarix, which is very sensitive for csPCa [12,13], was the most efficient
and clinically useful tool in men with PI-RADS < 3. Proclarix increased the negative
predictive value of mpMRI from 94% to 100%, while a prostate biopsy was required in
70% of men with negative mpMRI [4,5]. In contrast, PSAD recommended prostate biopsy
in 69% of men with negative mpMRI, leaving 50% of csPCa undetected [10,26]. Finally,
MRI-ERSPC RC recommended biopsy in 37% of men with negative mpMRI but missed
83.3% of csPCa. In men with the challenging PI-RADS category 3, Proclarix was also
the most efficient tool, and exhibited 100% sensitivity for csPCa while avoiding 21.3% of
prostate biopsies. PSAD would avoid 26.2% of prostate biopsies but would miss 16% of
csPCa. MRI-ERSPC RC would avoid 29.6% of prostate biopsies but would also miss 16%
of ecsPCa. In men with PI-RADS 4, PSAD was the most efficient tool, avoiding 18.4% of
prostate biopsies but missing 11.4% of csPCa. Proclarix would avoid 12.1% of prostate
biopsies but would miss 4.8% of csPCa. MRI-ERSPC RC would avoid 9.3% of prostate
biopsies and would miss 4.2% of csPCa. Finally, in men with PI-RADS 5, in whom 88.9%
of csPCa was detected, PSAD was also the most efficient tool, avoiding 9.3% of prostate
biopsies while missing 4.2% of csPCa. Proclarix would avoid 5.6% of prostate biopsies
and would miss 1% of esPCa. MRI-ERSPC RC would not avoid any prostate biopsies.
The PI-RADS > 3 are categories with high and very high-risk of csPCa in addition to an
increased aggressiveness [27-29]. Therefore, clinicians are unwilling to miss any csPCa
to avoid some prostate biopsies; therefore, only tools that guarantee 100% sensitivity for
csPCa are acceptable in this category.

This study has some limitations. Although 567 men with suspected PCa was a sizeable
cohort and there was an accurate representation of the incidence of the PI-RADS category,
the low cases of csPCa in men with negative mpMRI and PI-RADS category 3 is a limitation.
MRI-ERSP RC was designed to use PI-RADS v.1 in men up to 75 years old with serum
PSA up to 20 ng/mL and prostate volume up to 110 ccs; however, we used PI-RADS v.2
and did not limit age or prostate volumes. Additionally, since it is a prospective study
in a single center, the risk of bias could be higher. An external and multicenter analysis
should be performed. Finally, although the used definition of csPCa in prostate biopsies is
widespread, it does not represent the true pathology observed in surgical specimens.

5. Conclusions

This study suggests a change in the paradigm of evaluating tools for the proper selec-
tion of candidates for prostate biopsy after mpMRI. Evaluations in the entire population
of men with suspected PCa are insufficient. We suggest that evaluations of these tools
regarding PI-RADS categories are needed to provide clinicians with sufficient and useful



Compendium of publications

Cancers 2022, 14, 2702 8of9

information to meet their expectations for the early detection of csPCa. MRI-ERSPC RC,
was the most effective tool for the adequate selection of candidates for prostate biopsy
when the entire population was analyzed. However, Proclarix was the most useful in men
with PI-RADS < 3. None of the tools exhibited the 100% sensitivity desired for csPCa
in high and very high-risk PI-RADS categories. Taking into consideration the results of
this study, Proclarix seems to be a relevant tool. It is especially useful in those men with
PI-RADS < 3 lesions in the mpMRI to decide whether to biopsy the patient.
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Proclarix is a new blood-based test to assess the likelihood of clinically significant prostate cancer (csPCa) defined as >2
grade group. In this study, we analyzed whether Proclarix and PSA density (PSAD) could improve the selection of candi-
dates for prostate biopsy after multiparametric magnetic resonance imaging (mpMRlI). Proclarix and PSAD were assessed
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mpMRI (PI-RADS <3), csPCa was detected in 6 cases, which would have been undetected if systematic biopsies were
avoided. However, Proclarix suggested performing a biopsy on 70% of men with negative mpMRI. In contrast, PSAD
only detected 50% of csPCa and required 71% of prostate biopsies. In 169 men with PI-RADS 3, Proclarix avoided
21.3% of prostate biopsies and detected all 25 cases of csPCa, while PSAD avoided 26.3% of biopsies, but missed 6%
of csPCa. In 190 men with PI-RADS 4 and 108 with PI-RADS 5, Proclarix avoided 12.1% and 5.6% of prostate biopsies,
but missed 4.8% and 1% of csPCa, respectively. PSAD avoided 18.4% and 9.3% of biopsies, but missed 11.4% and 4.2%
csPCa, respectively. We conclude that Proclarix outperformed PSAD in the selection of candidates for prostate biopsy,
especially in men with PI-RADS <3.
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insignificant PCa (iPCa).* Multiparametric magnetic res-
onance imaging (mpMRI) and guided biopsies have
enabled recent improvements in the carly detection of
csPCa.? Nevertheless, the efficacy of this new strategy
could be further improved with a more accurate selection
of candidates for prostate biopsy, especially when low or
moderate likelihood of csPCa is suggested by mpMRI*
A Prostate Imaging-Reporting and Data System
(PI-RADS) score of <3 indicates a negative mpMRI, and
the current negative predictive value of mpMRI is 80%-
95%.* Additionally, PI-RADS category 3 suggests a mod-
erate risk of ¢csPCa that does not exceed 20%.” In these
challenging scenarios where the rate of csPCa detection
is low, PSA density (PSAD), modern markers, or predict-
ive models can be helpful.*”

Proclarix is a blood-based marker test that was
recently introduced.® Proclarix provides a multivariate
risk score for csPCa to guide biopsy decision making.
This risk score is based on the combination of age and
serum measurements of thrombospondin-1 (THBS1),
cathepsin D (CTSD), total PSA (tPSA), and free PSA
(fPSA).>'" THBSI and CTSD were initially identified
using a discovery mass spectrometry—based protcomics
approach'’ and were subsequently observed in a PTEN
knockout mouse model silencing the PI3 K/PTEN
cancer pathway that is involved in the carcinogenesis
and progression of PCa'? and in human serum of men
with and without PCa."? Clinical testing of individual
immunoassays for the quantification of several glycopro-
teins was performed, and THBS1 and CTSD were ultim-
ately selected because their measurement improved the
accuracy of the percentage of fPSA in distinguishing
men with and without csPCa.'* This novel diagnostic
test has been developed and validated to distinguish
men without PCa or iPCa from those with csPCa
among men with serum PSA between 2 and 10 ng/mL,
prostate volume >35 cc, and normal DRE, with a recom-
mended threshold of 10%.”'*'> Moreover, PSAD,
which is a classic tool to improve the specificity of
PSA, has been reinforced because MRI provides the
most accurate measurement of prostate volume without
additional cost.'

Because the performance of Proclarix according to the
PI-RADS category has not yet been studied, our objective
is to compare the performance of Proclarix and PSAD in
the selection of candidates for prostate biopsy after
mpMRI.

Materials and methods

Design, setting, participants, and intervention

This was a prospective head-to-head evaluation of
Proclarix in a frozen serum collection (https:/biobancos.
iscii.es/; Reference collection: 0003439) and PSAD in

567 consecutive men with PSA >3 ng/mL and/or abnormal
DRE in whom pre-biopsy 3-Tesla mpMRI was performed
(Magnetom Trio, Siemens Corp., Germany). From January
2018 to March 2020 at a single academic institution, men
with tumors with a score of >3 on PI-RADS v.2 received 2-
or 3-core transrectal ultrasound (TRUS)-guided cognitive
fusion biopsies to all detected lesions plus a 12-core
TRUS systematic biopsy, while those with a PI-RADS
v.2 score of <3 received only a 12-core TRUS systematic
biopsy (BK Focus 400 ultrasound scanner, BK Medical
Inc., Denmark). Blood samples were obtained immediately
prior to prostate biopsy, and serum was stored at —80°C.
This project was approved by the institutional ethics com-
mittee (PRAG129/2020) and informed consent was signed
by all participants.

Laboratory method for Proclarix evaluation and
prostate-specific antigen density assessment

THBSI and CTSD were measured using the Proclarix kit
(Proteomedix, Ziirich-Schlieren, Switzerland) as previ-
ously described.” Serum tPSA and fPSA were re-analyzed
for all samples using the Roche Cobas immunoassay
system (Roche Diagnostics, Rotkreuz, Switzerland). All
measurements were performed in the Proteomedix labora-
tory in Zirich-Schlieren, Switzerland, with Proteomedix
bearing the costs for measurements and reagents. Serum
THBSI1, CTD, tPSA, percent fPSA, and age were entered
into an algorithm that reported a score from 0% to 100%.""
PSAD was estimated from the MRI-derived prostate
volume and the tPSA measured in Proclarix evaluation.

Endpoint measurements and definition of clinically
significant prostate cancer

The endpoint measurements were csPCa detection rates,
rates of avoided prostate biopsies, and rates of overdetec-
tion of iPCa. Tumors with an International Society of
Uro-Pathology grade group of >2 were defined as
csPCa.'”

Statistical analysis

Comparisons were performed with the Mann—-Whitney U
test for quantitative variables and with the Chi square
and Kruskal-Wallis tests for qualitative variables.
Receiver operating characteristic (ROC) curves and areas
under the curve (AUCs) were used to analyze efficacies,
and the DelLong test for their comparisons. Decision
curve analysis (DCA) was used to evaluate net benefits.
SPSS v.25 (IBM Corp., Armonk, NY, USA) and R pro-
gramming language v.3.6.1 (R Foundation for Statistical
Computing, Vienna, Austria) were used.
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Results

PCa was detected in 298 men (52.6%), of whom 232
(40.9% of all participants) were diagnosed with c¢sPCa
and 66 (11.6%) had iPCa. The characteristics of the
entire study cohort and a comparison of these characteris-
tics in men without PCa or with iPCa and those with csPCa
are presented in Table 1. We note that men with csPCa had
significantly higher age, serum PSA, and PSAD; a lower
percentage of fPSA; and higher rates of abnormal DRE,
PCa family history, and positive mpMRI (PI-RADS =3).
The median Proclarix score was 20.9% in men without
PCa or with iPCa and 43.5% in those with csPCa (P<
0.001). ROC curves of mpMRI, Proclarix, and PSAD for
csPCa detection in the overall study cohort are presented
in Figure 1(a). The AUC of Proclarix in the overall study
cohort was slightly higher than that of PSAD (0.745 vs.
0.740; P=0.465). The morphologies of ROC curves
suggest that Proclarix was more specific than PSAD at
high sensitivities. This was more pronounced in men
with PI-RADS scores of 1-3, for whom Proclarix outper-
formed mpMRI and PSAD (Figure 1(b) to (d)). A 10%
risk score of Proclarix and 0.07 ng/(mL*cm®) of PSAD
were selected as thresholds with sensitivities for csPCa
over 90%, and they were used across PI-RADS categories.

Table 2 shows the performance of Proclarix and PSAD
both in all men and according to the PI-RADS categories.
We note that Proclarix was able to detect all the 6% of
csPCa detected in the systematic biopsies performed in
the 100 men with negative mpMRI, although prostate
biopsy was required in 70% of them. In contrast, PSAD

detected 50% of csPCa and required 71% of systematic
biopsies. In the subset of 169 men with a PI-RADS of 3,
Proclarix avoided 21.3% of biopsies and detected all 25
cases of csPCa, while PSAD avoided 26.2% of biopsies,
but missed 16.0% of csPCa. In men with PI-RADS of 4
and 5, Proclarix avoided 12.1% and 5.6% of biopsies,
but misdiagnosed 4.8% and 1.0% of csPCa, respectively.
PSAD avoided 18.4% and 9.3% of biopsies and misdiag-
nosed 11.4% and 4.2% of csPCa, respectively. The net
benefit of Proclarix and PSAD on the biopsy of all men
is presented in DCAs of Figure 2(a) and according to the
PI-RADS categories in Figure 2(b) to (e).

Discussion

The present study confirms that Proclarix is a very sensi-
tive marker of csPCa (grade group of >2).%'® Proclarix
outperformed PSAD and improved the negative predictive
value of mpMRI from 94% to 100%.*® In men with tumors
in the equivocal PI-RADS category 3, in whom at least
70% of prostate biopsies are not required,”’ Proclarix
was able to avoid more than 20% of prostate biopsies
without missing csPCa. PSAD was able to avoid 26% of
prostate biopsies, but it missed 16% of ¢sPCa. To miss
csPCa detection in men with tumors in PI-RADS categor-
ies >3 is dangerous due to the higher aggressiveness of the
tumors detected compared to those in lower PI-RADS cat-
egories. This is why clinicians usually refuse to avoid pros-
tate biopsies in this setting.™” Thus, only tools with 100%
sensitivity for csPCa in these settings should be offered to

Table I. Characteristics of the study cohort and comparison between the characteristics of men without PCa or iPCa and that of those

with csPCa (>2 grade group).
Characteristic All men Without PCa or iPCa With esPCa P value
Number of cases 567 335 232 —
Median age, years (IQR) 69 (63-74) 67 (61-72) 72 (67-76) 0.001
Median total PSA, ng/mL (IQR) 7.0 (49-11.2) 6.1 (4.5-9.8) 8.0 (5.9-14.2) 0.001
Abnormal DRE, n (%) 109 (19.2) 30 (9.0) 79 (34.1) 0.001
Median free PSA, ng/mL (IQR) 1.1 (0.7-1.7) 1.1 (0.7-1.7) 1.1 (0.7-1.8) 0.832
Median prostate volume, mL (IQR) 55 (40-76) 63 (45-85) 48 (35-63) 0.001
Median percent free PSA, % (IQR) 15.1 (10.7-20.6) 17.2 (124-23.4) 12.1 (8.8-17.3) 0.001
Median PSA density, ng/(mL*cm?) (IQR) 0.13 (0.09-0.21) 0.10 (0.07-0.16) 0.19 (0.12-0.34) 0.001
Repeat biopsy, n (%) 133 (23.5) 88 (26.3) 45 (19.4) 0.035
Family history of PCa, n (%) 48 (8.6%) 24 (7.9) 25 (10.8) 0.089
Proclarix, % (IQR) 28.7 (15.5-50.0) 20.9 (10.1-34.7) 435 (26.6-67.2) 0.001
PI-RADS, n (%)

1-2 100 (17.6) 94 (28.1) 6 (2.6) 0.001

3 169 (29.8) 144 (43.0) 25 (14.8)

4 190 (33.5) 85 (25.4) 105 (45.3)

5 108 (19.0) 12 (3.5) 96 (41.4)
Overall PCa detection, n (%) 298 (52.6)
csPCa detection, n (%) 232 (40.9)
iPCa detection, n (%) 66 (11.6)

iPCa: insignificant PCa; IQR: interquartile range; PCa: prostate cancer; PI-RADS: Prostate Imaging-Report and Data System.
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Figure |. Efficacy of proclarix, PSAD and mpMRI for the detection of csPCa (> grade group) in the entire study cohort (a), in men

with negative mpMRI (b), PI-RADS 3 (c), and PI-RADS >3 (d).

csPCa: clinically significant prostate cancer; mpMRI: multiparametric magnetic resonance imaging; PI-RADS: Prostate Imaging-Report

and Data System; PSAD: Proclarix and PSA density.

clinicians. Therefore, we believe that neither Proclarix nor
PSAD should be recommended in men with PI-RADS
scores above 3.

PROPOSe was the first study analyzing Proclarix in
men with pre-biopsy mpMRI. The authors reported
results from 108 men with positive mpMRI in whom
guided and systematic biopsies were performed.'
After fixing a sensitivity for >2 grade group PCa at
97%, the specificity of Proclarix was 26% and that of

PSAD was 8%, and their negative predictive values
were 96% and 88%, respectively. Unfortunately, men
with negative mpMRI were not biopsied and the analysis
according to the PI-RADS categories was not per-
formed. The authors concluded that Proclarix outper-
formed PSAD. We believe that additional analyses
regarding the PI-RADS categories are important
because the overall results do not represent the specific
cfficacies in every PI-RADS category. Moreover, the
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Table 2. Performance of prociarix at 10% threshold and PSAD at 007 ng/(ml*em’) threshold for esPCa (2 grade group) detection in all population study and according to the PI-RADS categories.

Praclarix (threshold 10%)

PSA density (threshold 0.07 ng/(mL*em3))

All men PLRADS PI-RADS PLRADS PI-RADS Al men P1.RADS PI-RADS FI-RADS PLRADS
Parameter (n=567) 12 {0=100) 3(n=169)  4(n=190) 5 (n=108) (n=567) 1-2(n=100) 3(n=169)  4(n=190) 5 (n=108)
Sensivity 974 (226/232) 100 (6/6) 100 (2525) 952 (10V105) 990 (95/9%)  90.1 (209/232) 50 (3/6) 840 (21125) 886 (93/105) 958 (92/96)
Specificity 266 (89335) 319 (30/94) 250 (36/144) 212 (18585) 417 (812 87 (96335) 277 (26/94) 285 (41/144)  27.1 (1385) 500 (612)
Negative PY 937 (89/95) 100 (30/30) 100 (3636) 783 (1823) 833 (5/6) 807 (96/115) 897 (2629) 911 (41M45) 657 (2335)  60.0 (6/10)
Posicive PV 479 (2261472)  86(6170)  19.8(25/133) 5991 (00/167) 931 (95/102) 467 (209/448)  42(371) 160 (21/124) 600 (93/155) 939 (92/98)
Accuracy 556 (315/567) 36 (36/100) 36,1 (61/169) 62| (11&190) 926 (100/108) 538 (305/567) 290 (29/100) 367 (62/169)  61.1 (116/190) 907 (98/108)
Avoided biopsies 168 (95/567) 30 (30/100) 203 (36/169) 120 (23/190) 56 (&/108) 200 (119/567) 290 (29/100) 262 (457169) 184 (35/190) 9.3 (10/108)
Missed csPCa 26 (6232) 0 (0/6) 0 (0125) 48 (5/105) 1.0 (1196) 9.9 (231232) 50.0 (3/6) 160(425)  114(12105) 42 {496)

<sPCa: clinically significant prostate cancer; PI1-RADS: Prostate Imaging-Report and Data System; PV predictive value.
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Figure 2. Net benefit of proclarix and PSAD instead of biopsy all men in the entire study cohort (PI-RADS |-5), and according to the

PI-RADS categories.

PI-RADS: Prostate Imaging-Report and Data System; PSAD: Proclarix and PSA density.

case-mix of PI-RADS in every series can change
depending on the characteristics of the analyzed popula-
tion and the interpretation of mpMRI.”

Comparisons between Proclarix and other markers are
needed."® 2 In our opinion, a major strength of Proclarix
is its high sensitivity for tumors with a grade group of
>2, which guarantees the detection of most of these
tumors. Nevertheless, a cost-benefit analysis must be per-
formed to determine the final benefit of markers as comple-
mentary tools of mpMRI.>"

The limitations of our study include its partially retro-
spective design and the lack of external validation.
Prospective and multicenter studies mimicking real clinical
practice are needed, especially studies comparing the exist-
ing markers. However, a common limitation of these
studies is measuring the rate of csPCa in prostate biopsies,
which does not represent the true pathology observed in the
whole prostate gland. A strength of our study was to
perform systematic biopsies in men with negative
mpMRI (PI-RADS <3) which allowed the possibility to
know that Proclarix increased the negative predictive
value of mpMRI from 94% to 100%.

Finally, we note that Proclarix can improve the selection
of candidates for prostate biopsy after mpMRI, especially

in men with low or moderate risk of csPCa defined by a
PI-RADS score <3.
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Abstract

Background: Prostate Imaging-Reporting and Data System (PI-RADS) category 3 is
a challenging scenario for detection of clinically significant prostate cancer (csPCa)
and some tools can improve the selection of appropriate candidates for prostate
biopsy.

Objective: To assess the performance of the European Randomized Study of
Screening for Prostate Cancer (ERSPC) magnetic resonance imaging (MRI) model,
the new Proclarix test, and prostate-specific antigen density (PSAD) in selecting
candidates for prostate biopsy among men in the PI-RADS 3 category.

Design, setting, and participants: We conducted a head-to-head prospective anal-
ysis of 567 men suspected of having PCa for whom guided and systematic biopsies
were scheduled between January 2018 and March 2020 in a single academic insti-
tution. A PI-RADS v.2 category 3 lesion was identified in 169 men (29.8%).
Outcome measurement and statistical analysis: csPCa, insignificant PCa (iPCa), and
unnecessary biopsy rates were analysed. csPCa was defined as grade group =>2.
Receiver operating characteristic (ROC) curves, decision curve analysis curves,
and clinical utility curves were plotted.

Results and limitations: PCa was detected in 53/169 men (31.4%) with a PI-RADS 3
lesion, identified as csPCa in 25 (14.8%) and iPCa in 28 (16.6%). The area under the
ROC curve for csPCa detection was 0.703 (95% confidence interval [CI] 0.621-0.768)
for Proclarix, 0.657 (95% Cl 0.547-0.766) for the ERSPC MRI model, and 0.612 (95%
C10.497-0.727) for PSAD (p = 0.027). The threshold with the highest sensitivity was
10% for Proclarix, 1.5% for the ERSPC MRI model, and 0.07 ng/ml/cm® for PSAD,
which yielded sensitivity of 100%, 91%, and 84%, respectively. Some 21.3%, 26.2%,
and 7.1% of biopsies would be avoided with Proclarix, PSAD, and the ERSPC MRI
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119-129, 08035 Barcelona, Spain. Tel. +34 2746009,
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model, respectively. Proclarix showed a net benefit over PSAD and the ERSPC MRI
model. Both Proclarix and PSAD reduced iPCa overdetection from 16.6% to 11.3%,
while the ERSPC MRI model reduced iPCa overdetection to 15.4%.

Conclusions: Proclarix was more accurate in selecting appropriate candidates for
prostate biopsy among men in the PI-RADS 3 category when compared to PSAD
and the ERSPC MRI model. Proclarix detected 100% of csPCa cases and would
reduce prostate biopsies by 21.3% and iPCa overdetection by 5.3%.

Patient summary: We compared three methods and found that the Proclarix test
can optimise the detection of clinically significant prostate cancer in men with a
score of 3 on the Prostate Imaging-Reporting and Data System for magnetic reso-

nance imaging scans.

© 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

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

1. Introduction

Early detection of clinically significant prostate cancer
(csPCa) decreases PCa-specific mortality | 1]. Currently, sus-
picion of PCa is still based on detection of elevated serum
levels of prostate-specific antigen (PSA) and/or an abnormal
digital rectal examination (DRE) [2]. Suspected PCa has typi-
cally been confirmed via systematic biopsies of the prostate,
but this approach results in a high rate of unnecessary biop-
sies and overdetection of insignificant PCa (iPCa) [3]. True
improvement in the early detection of csPCa has come from
multiparametric magnetic resonance imaging (mpMRI) and
guided biopsies [2]. At present, the negative predictive value
of mpMRI can reach 95%, so prostate biopsies can usually be
avoided in men with a Prostate Imaging-Reporting and Data
System (PI-RADS) score <3 [4,5]. By contrast, most clinicians
recommend prostate biopsy in men with PI-RADS >3 because
the likelihood of PCa ranges from 62% to 92% [ 6. PI-RADS cat-
egory 3 is the most challenging scenario: 60-85% of prostate
biopsies are unnecessary and up to 60% of PCa cases detected
are insignificant |7,8]. Therefore, tools such as PSA density
(PSAD), modern markers, and predictive models are recom-
mended for appropriate selection of candidates for prostate
biopsy [2].

Proclarix is a new blood-based test that estimates the
likelihood of csPCa by computing the risk according to
measurement results for thrombospondin-1 (THBS1),
cathepsin D (CTSD), total PSA, and percentage free PSA in
serum, as well as patient age [9]. Recent studies have
suggested that Proclarix can improve csPCa detection by
reducing unnecessary biopsies in men with or without
mpMRI [10]. However, data on the behaviour of Proclarix
by PI-RADS category are lacking. Meanwhile, PSAD has
become relevant as prostate volume can be accurately mea-
sured on MRI [11-13]. The externally validated European
Randomized Study of Screening for Prostate Cancer (ERSPC)
predictive model has recently incorporated the PI-RADS
version 1 score and age in the “3+DRE” and “4+DRE" risk
calculators [14]. However, no specific analyses of its beha-
viour regarding PI-RADS categories have been carried out.

In this study we compare the behaviour of PSAD, Pro-
clarix, and the ERSPC MRI predictive model according to
PI-RADS categories. Our main objective was to analyse the

usefulness of these three tools for appropriate selection of
candidates for prostate biopsy in the challenging setting of
PI-RADS category 3.

2. Patients and methods
2.1. Design, setting, and participants

This was a prospective head-to-head study in which the likelihood of
csPCa was assessed using the Proclarix test, PSAD, and the ERSPC MRI
model. A cohort of 567 men with a suspicion of PCa because of PSA >3
ng/ml and/or abnormal DRE underwent prebiopsy 3-T mpMRI and had
guided and systematic prostate biopsies scheduled between January
12, 2018 and March 15, 2020 at a single academic institution. A PI-
RADS v.2 category 3 lesion was identified in 169 men (29.8%). Men with
PCa on active surveillance and those with symptomatic benign prostatic
hyperplasia treated with So-reductase inhibitors were previously
excluded. Two- to three-core transrectal ultrasound-guided biopsies of
suspected lesions and 12-core systematic biopsies were performed in
all men using the transrectal approach. The study was approved by
our institutional ethics committee (PR-AG129/2020).

2.2. Testing

Blood was obtained immediately before prostate biopsy and frozen
serum was stored locally at —80 °C for 63-811 d (C. 0003439; https://
biobancs.isiii.es) and then shipped on dry ice to Proteomedix (Zurich-
Schlieren, Switzerland). Processing of serum samples, the ELISA kit,
and calculation of the risk score by laboratory technicians were per-
formed blind before any clinical information was available. THBS1 and
CTSD were measured using a Proclarix kit (Proteomedix, Zurich-
Schlieren, Switzerland} according to the kit instructions | 15]. Serum total
PSA and free PSA were reanalysed for all samples using a Roche Cobas
immunoassay system (Roche Diagnostics, Rotkreuz, Switzerland). Pro-
clarix risk calculation was performed according to the instructions and
the results ranged from 0% to 100%. PSAD was calculated from the pros-
tate volume measured on MRI and the total PSA value from the Proclarix
test. The ERSPC MRI risk of high-grade PCa was calculated for every man
using the Prostate Cancer Research Foundation (Reeuwijk, The Nether-
lands) web application at www.prostatecancer-riskcalculator.com. The
ERSPC MRI risk calculator includes PSA (0.5-50 ng/ml), repeat biopsy
(yes/no). DRE (normal/abnormal), prostate volume (10-110 cm’, which
can now be obtained from MRI), age (50-75 years), and PI-RADS version
1 score |14]. We introduced the MRI-based prostate volume and the PI-
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RADS version 2 categories, When the observed values were not within
the acceptable range, we entered the minimum or maximum acceptable
value, whichever was closer to the observed value.

2.3, Outcome measurements

The main outcome measured was the rate of csPCa detection. csPCa was
defined as International Society of Urological Pathology grade group >2
| 16]. The rate of prostate biopsies avoided and the rate of iPCa overdetec-
tion were secondary outcome measurements,

24. Statistical analysis

Quantitative variables are presented as the median and interquartile
range (IQR). Qualitative variables are presented as the frequency and
proportion. Associations between variables were analysed using the
Mann-Whitney U test and the Kruskal-Wallis test. Associations between
variables were also analysed with the % test. The odds ratio and 95%
confidence interval (Cl) were estimated. Receiver operating characteris-
tic (ROC) curves were constructed and areas under the ROC curve (AUCs)
were estimated and compared with the DeLong test. The PSAD, Proclarix,
and ERSPC MRI model thresholds were selected to analyse the optimal
sensitivity for csPCa, Sensitivity, specificity, positive and negative predic-
tive values (PPV and NPV), accuracy, and rates of biopsies avoided,
overdetection of iPCa, and misdiagnosis of csPCa were estimated. Deci-
sion curve analysis (DCA) was carried out to assess the net benefits. Clin-
ical utility curves (CUCs) were used to check the correlation of rates of
csPCa misdiagnosis and biopsies avoided regarding the thresholds on a
continuous basis. A p value of <5% was considered significant, SPSS ver-
sion 25 (IBM Corp., Armonk, NY, USA) and R version 3.3.1 (R Foundation
for Statistical Computing, Vienna, Austria) were used for statistical
analyses,

3. Results

31, Efficacy of Proclarix, PSAD, and the ERSPC MRI
predictive model for csPCa detection across the PI-RADS
categories

The distribution of PCa, csPCa, and iPCa among the 567 par-
ticipants by PI-RADS category is presented in Table 1. csPCa
was detected in 6% of men with PI-RADS <3, 14.8% of men
with PI-RADS 3, 54.7% of men with PI-RADS 4, and 88% of
men with PI-RADS 5 findings (p < 0.001). Fig. 1 shows the
efficacy of Proclarix, PSAD, and the ERSPC MRI predictive
model for the overall population and by PI-RADS category.

3.2. Characteristics of the cohort of men with PI-RADS 3
findings

Men with a PI-RADS 3 lesion represented 29.8% of all men
with suspected PCa for whom prebiopsy mpMRI data were
available (Table 1). The median age for this group was 66

yr and the median serum PSA was 6.0 ng/ml (Table 2).
The rate of abnormal DRE was 7.1%, the rate of PCa family
history was 6.5%, and the rate of men with prior negative
biopsy results was 28.4%. Prostate biopsy showed benign
tissue in 116 men (68.6%) and PCa in 53 men (31.4%), of
whom 25 (47.2%) had csPCa and 28 (52.8%) had iPCa. The
csPCa and iPCa detection rates were 14.8% and 16.6%,
respectively (p = 0.573). csPCa was detected in both guided
and systematic biopsies in 16 men (64%), and exclusively in
five systematic biopsies (20%) and four guided biopsies
(16%; p = 0.236).

33. Efficacy, net benefit, and clinical utility of Proclarix,
PSAD and MRI-ERSPC predictive model for csPCa detection in PI-
RADS 3

ROC curves for csPCa detection according to Proclarix, PSAD,
and the ERSPC MRI model are presented in Fig. 2A. The AUC
was 0.703 (95% Cl 0.621-0.768) for Proclarix, 0.612 (95% Cl
0.497-0.727) for PSAD, and 0. 657 (95% C1 0.547-0.766) for
the ERSPC MRI model (p = 0.027). DCA showed a net benefit
for Proclarix versus PSAD and the ERSPC MRI model at low
thresholds within 0.09% versus 0.17% and 0.2%, respectively
(Fig. 2B). CUCs showing the rates of csPCa missed and biop-
sies avoided in relation to the thresholds for the three tools
are presented in Fig. 2C. Analysis of Proclarix scores, PSAD
values, and ERSPC MRI likelihood values showed that the
thresholds with the highest sensitivity for csPCa were 10%,
0.07 ng/ml/cm?®, and 1.5%, which yielded sensitivity of
100% (25/25), 84% (21/25), and 96% (24/25), respectively.
The corresponding specificity was 5% (36/144) for Proclarix,
28.5% (41/144) for PSAD, and 7.6% (11/144) for the ERSPC
MRI model. The NPV and PPV were 100% (36/36) and
19.8% (25/133) for Proclarix, 91.1% (41/45) and 16%
(21/124) for PSAD, and 91.7% (11/12) and 15.3% (24/157)
for the ERSPC MRI model, respectively. The diagnostic accu-
racy was 36.1% (61/169) with Proclarix, 36.7% (62/169) with
PSAD, and 20.7% (35/169) with the ERSPC MRI model. In
terms of clinical efficacy, Proclarix would avoid 21.3%
(36/169) of prostate biopsies and reduce overdetection of
iPCa from 16.6% to 11.2% (19/169) without misdiagnosing
csPCa. PSAD would avoid 26.2% (45/169) of prostate biop-
sies, reduce overdetection of iPCa from 16.6% to 11.2%
(19/169), but misdiagnose 16% (four out of 25) of csPCa
cases. The ERSPC MRI predictive model would avoid only
7.1% (12/169) of prostate biopsies, reduce overdetection of
iPCa from 16.6% to 15.3% (26/169), and misdiagnose 4%
(two out of 25) of csPCa cases, as shown in Table 3. The per-
formance of Proclarix, PSAD, and the ERSPC MRI model
according to biopsy status (biopsy-naive vs repeat biopsy)

Table 1 - Distribution of men with suspected PCa by PI-RADS category and the corresponding rates of PCa, ¢sPCa, and iPCa

PI-RADS category Men, n (%) PCa, n (%) csPCa, n (%) iPCa, n (%)
1 77 (13.6) 10 (13.0}) 4(5.2) 6(7.8)

2 23 (4.1) 5(21.7) 2(8.7) 3(13.0)

3 169 (29.8) 53 (31.4) 25(14.8) 28 (16.6)

4 190 (33.5) 129 (67.9) 94 (54.7) 25(13.2)

5 108 (19.0) 99 (91.7) 95 (88.0) 4(3.7)

All 567 (100) 296 (52.2) 230 (40.6) 66 (11.6)
PI-RADS = Prostate Imaging-Reporting and Data Sy ;PCa=p cancer; csPCa = clinically significant Péa: iPCa = insigniﬂcant PCa.
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PI-RADS category. i istic curves and area under the curve (AUC) for (A) the overall population, (B) men with PI-RADS <3, (C) men
with PI-RADS 3, (D) men with PI-RADS4I and (IE) men with PI-RADS 5 findi PSAD =p pecific anti; ity; ERSPC = pe i Study
of Screening for Prostate Cancer; MRI = e imaging; PI-RADS = Prostate porting and Data ; Cl= fi e interval.
Table 2 - Characteristics of men in PI-RADS category 3 observed differences in utility for the three tools analysed
e T tacross tl"le PI-RADS catego'nes. We noted a progressive
increase in the csPCa detection rate across the PI-RADS cat-
Number of cases 169 = 1 diff % ffi C tl t
Median age, yr (IQR) 66 (60-72) eg'm"lgs. as well as differences Il:l efficacy. Currently, mos
Median total PSA, ng/ml {IQR) 6.0 (3.6-10.2) clinicians accept that prostate biopsies can be avoided for
Q;ed‘ f' di!;‘;:‘ m/[all(lqm tion, n (%) :2‘((70-‘7] 6 men with negative mpMRI because of its high NPV [4.5].
ian free , ng/m| 3 711
Median s vilime mE (i) 66 (45-85) In the present study'. tl:le NPY of 94% observed represents
Median percentage free PSA, % (IQR) 16.4 (11.5-20.7) an overall csPCa misdiagnosis rate of 2.6% and a 17.6%
Median PSA density. ng/mlfcm® (IQR) 0.11 (0.07-0.16) reduction in prostate biopsies, so it is acceptable to avoid
Repeat biopsy, n (%) 48 (28.4) tate bi iesin:th B t {fiiici
Family history of PCa, 1 (%) 11(65) prostate biopsies in these men. By contrast, many c m:cnargs
Overall PCa detection, n (%) 53(31.4) would not accept a test that does not guarantee 100% sensi-
csPCa detection, n (%) 25(1438) tivity for csPCa in men with PI-RADS >3 lesions. Thus, it

iPCa detection, n (%) 28 (16.6)

gy o S T R makes sense to focus our attention on men with the recog-
tile range: PSA = prostate—speclﬁ?anﬂgen: PCa -'m-osxmje amn::; nised challenging PI-RADS 3 category |7,8].
¢sPCa = clinically significant PCa; iPCa = insignificant PCa, The incidence of PI-RADS 3 findings in our series of

patients with suspected PCa was 29.8%, which is within

is presented in Table 4. Proclarix outperformed PSAD and ~ the range of 14-46% reported in the literature. This inci-
the ERSPC MRI model, detecting all csPCa cases in both sub- ~ dence mainly depends on the proportions of biopsy-naive
sets and avoiding 24.8% of prostate biopsies in the biopsy- ~ Men and men with a prior negative biopsy, which is approx-
naive group and 12.5% in the repeat biopsy group. imately 30% in mixed samples [7]. The incidence of csPCa

detected among the 169 men with PI-RADS 3 findings

(14.8%) is also within the wide range (5-30%) reported in
4. Discussion the literature [8]. We observed a net benefit of Proclarix

over PSAD and the ERSPC MRI predictive model for deter-
The efficacy of diagnostic tools changes in relation to the mining the likelihood of csPCa, especially at low thresholds,
incidence of the disease in question, This is why we for which high sensitivity is observed. This finding is consis-
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Fig. 2 ~ Analysis of the efficacy, net benefit, and clinical utility of Proclarix, PSA density, and the ERSPC MRI predictive model for detection of clinically
significant prostate cancer in men with a PI-RADS 3 lesion. (A) Receiver operating characteristic curves and area under the (AUC), (B) decision curve analysis,
and (C) clinical utility curves. PSA = prostate-specific antigen; ERSPC = P Study of ing for Prostate Cancer; MRI = magnetic
resonance imaging; PI-RADS = Prostate Imaging-Reporting and Data System.
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Table 3 - Performance of Proclarix, PSAD, and the ERSPC MRI
predictive model for csPCa detection in men in the PI-RADS 3
category using the most sensitive thresholds

Parameter csPCs detection, nfN (%)
Proclarix PSAD ERSPC MRI RC
(cutoff = 10%) (cutoff = 0.07 (cutoff = 1.5%)
ng/mljcm?)
Sensitivity 25/25 (100) 21/25 (84.0) 24/25 (96.0)
Specificity 36/144 (25.0)  41/144(28.5) 11/144 (7.6)
Negative 36/36 (100) 41/45 (91.1) 11/12(91.7)
predictive
value
Positive 25/133(19.8)  21/124(16.0) 24/157 (15.3)
predictive
value
Accuracy 61/169 (36.1)  62/169 (36.7) 35/169 (20.7)
Prostate 36/169 (21.3)  45/169 (26.2) 12/169 (7.1)
biopsies
avoided
Decrease in overdetection 9/169 (5.3)
iPCa
9/169 (5.3) 2/169 (1.2)
Misdiagnosis of  0/25 (0) 4/25 (16.0) 1/25 (4.0)
csPCa

PLLRADS = Prostate Imaging-Reporting and Data System; PCa = prostate
cancer; iPCa = insignificant PCa; csPCa = clinically significant PCa; PSAD
=prostate-specific antigen density; ERSPC = European Randomized Study
of Screening for Prostate Cancer; MRI = iC I e imagil
RC = risk calculator.

tent with the ROC curves, according to which Proclarix out-
performed PSAD and the ERSPC MRI predictive model,
showing 100% sensitivity, although its AUC of 0.703 seems
suboptimal. This is positive for clinicians, given that Pro-
clarix can detect all csPCa cases while avoiding 21.3% of
all prostate biopsies (24.8% in biopsy-naive men and 12.5%
in those scheduled for repeat biopsy). Although PSAD seems
slightly more specific than Proclarix, avoiding 26.3% of biop-
sies, it misdiagnoses 16% of csPCa cases, which is hardly
acceptable. This PSAD performance is similar to previous
findings [11-13]. The accuracy of the ERSPC MRI predictive
model was notably lower compared to Proclarix and PSAD,
except at high thresholds, at which the sensitivity is very
low. Finally, the reduction in overdetection of iPCa was
5.3% for Proclarix and PSAD (decrease from 16.6% to
11.2%) and 1.2% for the ERSPC MRI model.

Modern markers have been analysed in the context of
the current pathway for csPCa diagnosis and are intended
to avoid mpMRI scans and subsequent prostate biopsies or
to select appropriate candidates for prostate biopsy after
mpMRI [17]. Some of these markers are combined with clin-
ical independent predictors in predictive models [15,18].
The Prostate Health Index (PHI) and PCA3 [19], PHI
[20,21], 4K [22-25], and the Stockholm 3 test [26] have
been analysed, although their specific behaviours regarding
PI-RADS categories has never been reported as a main
research objective. Data for PHI and SelectMDx could be
extracted from analyses of overall series published in the
literature [18,27,28] and one specific series of men with
PI-RADS 3 findings [ 29]. Supplementary Table 1 summarises
the clinical utility of PHI [27] and SelectMDx | 18,28,29| for
csPCa detection in men with suspected PCa and a PI-RADS 3
lesion in comparison to Proclarix in the present study. Fan
et al. [27] analysed the PHI performance for a group of 56
men and observed a rate of avoidable biopsies of 67.9%
while misdiagnosing one out of 16 men (6.3%) men with
detected csPCa using a cutoff point of 50. Maggi et al. [ 18]
reported that SelectMDx with a threshold of 13% misdiag-
nosed 12/14 men (85.7%) diagnosed with csPCa among a
sample of 54, avoiding 33.3% of prostate biopsies. Hendriks
et al. [28] found that SelectMDx with a threshold of 13%
misdiagnosed 7/9 men (77.8%) diagnosed with csPCa among
a sample of 38 men, avoiding 40.2% of prostate biopsies. We
recently observed that SelectMDx with a threshold of 13%
misdiagnosed four out of six men (66.7%) with csPCa in a
sample of 62 men, avoiding 40.6% of prostate biopsies
[29]. The present study shows that Proclarix is very sensi-
tive for csPCa, making it reliable enough to reassure clini-
cians. PHI seems more sensitive than SelectMDx but less
sensitive than Proclarix. Multicentre validation studies
should be performed to confirm the effectiveness of any
marker and cost-benefit studies regarding the quality-
adjusted life years gained are desirable [30].

The present study was carried out on the largest pub-
lished sample of men with suspected PCa and PI-RADS 3
findings; however, the sample size may still be a limitation
because of the low incidence of csPCa. Unfortunately, we
found no way to estimate the appropriate cohort size to

Table 4 - Performance of Proclarix, PSAD, and the ERSPC MRI model for csPCa detection using the most sensitive threshold in biopsy-naive men

and men undergoing repeat biopsy

Parameter ©sPCs detection, nfN (%)

Proclarix (cutoff = 10%) PSAD (cutoff = 0.07 ngfmljcm®) ERSPC MRI RC (cutoff = 1.5%)

Initial Bx Repeat Bx Initial Bx Repeat Bx Initial Bx Repeat Bx
Sensitivity 18/18 (100} 7(7 (100) 15/18 (83.3) 6/7 (85.7 17(18 (94.4) 717 (100)
Specificity 30/103 (29.1) 6/41(14.6) 33/103(32.0) 8/41 (19.5) 6/103 (5.8) 5/41(12.2)
Negative predictive value 30/30 (100) 6/6 (100 33/36 (91.7) 8/9 (88.9) 6/7 (85.7) 5/5 (100)
Positive predictive value 18)91 (19.8) 7/42 (16.7) 15/85 (17.6) 6/39 (15.4) 17/114 (14.9) 7)43 (16.3)
Accuracy 48/121 (39.7) 13/48 {27.1) 48/121(39.7) 14/48 (29.2 23/121 (19.0) 13/48 (27.1)
Prostate biopsies avoided 30/121 (24.8) 6/48 (12.5) 36/121 (29.8) 9/48 (18.8) 70121 (5.8) 5/48 (104
Decrease in iPCa overdetection 7/121 (5.8) 2/48(42) 71121 (5.8) 2/48 (4.2) 1/121 (0.8) 1/48 (2.1)
Misdiagnosis of csPCa 0/18 (0) 0/7 (0) 318 (16.7) 1/7 (14.3) 1/8 (5.6) 0/7 (0)
PSAD = p specific antigen ity; PCa = p cancer; csPCa = clinically significant PCa; iPCa = insignificant PCa; Bx = biopsy: ESPRC = European

Randomized Study of Screening for Prostate Cancer; MRI = magnetic resonance imaging; RC = risk calculator.
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assess the efficacy of certain tools owing to the lack of pre-
vious data. Although all studies use the same definition of
csPCa, we understand that the true incidence of csPCa
observed in surgical specimens may be overestimated by
prostate biopsies. In the era of MRI and guided biopsies it
seems important to analyse the efficacy of any tool for
improving the detection of csPCa regarding PI-RADS cate-
gories. Results for the overall efficacy, net benefits, and clin-
ical utility may result in confusion for clinicians. The overall
analyses are important, but they do not guarantee the same
effectiveness across the PI-RADS categories [12,13,28].

5. Conclusions

The efficacy of tools for the appropriate selection of candi-
dates for prostate biopsy varies regarding PI-RADS cate-
gories. Proclarix performed better than PSAD and the
ERSPC MRI predictive model in the challenging scenario of
PI-RADS category 3. Proclarix was able to reach 100% detec-
tion of csPCa, avoiding almost a quarter of unnecessary
prostate biopsies and reducing iPCa overdetection from
16.6% to 11.2%.
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Proclarix was initially designed for men with PSA levels between 2 and 10ng/mL,
normal digital rectal examination and prostate volume > 35mL for the detection of
csPCa. However, subsequent testing of Proclarix in men who did not meet these specific
characteristics showed similar sensitivities and a net benefit in both subset of men. Thus,
demonstrating that Proclarix is valuable tool for all men with suspected PCa regardless
of their PSA level, prostate volume, or DRE.

When compared with other predictive tools, the ERPSC MRI predictive model
exhibited a net benefit over PSA density and Proclarix in the overall population.
However, when analyzed by PI-RADS categories, Proclarix outperformed both ERPSC
MRI and PSA density in patients with lesions PI-RADS 3 or lower in the selection of
candidates for prostate biopsy. Nonetheless, PSA density outperformed MRI ERSPC and
Proclarix in PI-RADS > 3 lesions.

When analyzing the specific subgroup of patients with lesions PI-RADS 3,
Proclarix showed a net benefit over PSA density and the ERSPC MRI model. The
percentage of prostate biopsies avoided with Proclarix, PSA density and the ERSPC MRI
model would be 21.3%, 26.2% and 7.1%, respectively. Proclarix avoid 21.3% of prostate
biopsies and reduce overdetection of insignificant PCa from 16.6% to 11.2% without
misdiagnosing csPCa. PSA density would avoid 26.2% of prostate biopsies, reduce
overdetection of insignificant PCa from 16.6% to 11.2%, but misdiagnose 16% of csPCa.
Finally, the ERSPC MRI predictive model would avoid only 7.1% of prostate biopsies,
reduce the overdetection of insignificant PCa from 16.6% to 15.3%, and misdiagnose 4%
of csPCa cases. Thus, Proclarix outperformed PSA density and the ERSPC MRI predictive
model in those patients with lesions PI-RADS 3 by significantly reducing the number of

unnecessary biopsies while maintaining accurate detection of csPCa.
147



Overall summary of the results

Proclarix was correlated with the four surrogates of aggressive analyzed. On the
first hand, Proclarix score was significantly higher in patients with csPCa (median 60.1%)
compared to those with insignificant PCa (median 37.3%) and those without PCa
(median 20.7%). On the other hand, Proclarix showed a significant increase with higher
GG. Patients with GG 1 tumors had the lowest median Proclarix score (29.4%), while
those with GG 5 exhibited the highest Proclarix score (62.8%). Moreover, Proclarix levels
were higher in patients with locally advanced PCa (60.1%) and metastatic PCa (97.4%),
compared to those with localized PCa (37.3%). Men with higher risk of biochemical
recurrence after primary treatment obtained higher Proclarix score (58.7%) than those
with intermediate-risk (35%) and those with low-risk (24.9%). Finally, Proclarix score was
significantly higher in patients with unfavorable pathology in surgical specimens (35.7%)
compared to those with favorable pathology (23.7%). Thus, Proclarix showed potential
as a useful tool for predicting the aggressiveness of PCa and could complement mpMRI

findings in assessing the significance of tumors and guiding treatment decisions.
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7.1. GENERAL DISCUSSION

The definition of csPCa is a constantly evolving process that has undergone
several modifications throughout the years. In 1994, Epstein et al. introduced the first
criteria to define csPCa and developed a predictive model to identify patients who would
not require definitive therapy based on prostatectomy specimen [194]. According to
their study, csPCa was determined based the following criteria: a tumor volume greater
than 0.2cm3, a Gleason grade higher than 7 and the presence of extracapsular extension.
On the contrary, they considered a clinically insignificant PCa when the clinical stage was
a Tlc, the tumor was confined to the prostate with a volume less than 0.2 cm3, there
was no Gleason pattern 4 or 5, and no involvement of seminal vesicles or lymph nodes.
In 2011, Ahmed et al. proposed two definitions for csPCa based on three biopsy variables
[195]. The first parameter was the total cancer core length with values of 2 10 mm and
> 6 mm depending on individual preferences, comorbidity, age, and life expectancy. The
second parameter was two lesion volume thresholds measured using the maximum
cancer core length of 2 6mm and = 4mm in one core. Finally, they combined dominant
and non-dominant Gleason score 4 using the csPCa definition. Thus, Ahmed et al.
concluded that analyzing the prostate biopsy sample could be useful in increasing the
proportion of men who choose, or are advised, to undergo active surveillance while also
ensuring that those who require therapy do undergo it. In 2016, Epstein et al.,
introduced a new grading system for PCa that aimed to improve the traditional Gleason
score. This new system featured a simplified grading scale ranging from 1 to 5, where
grade 1 represented the lowest grade and grade 5 indicated the highest grade. The
intention behind this system was to reduce overtreatment of iPCa [196]. Recent
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literature has established the definition of csPCa using the ISUP grade group, considering
a csPCa when classified as ISUP GG 2 or higher[196, 197]. Thus, in our study, all published
articles used this definition, considering a csPCa when the ISUP GG score was 2 or higher.
Finally, in their review, Alchin et al. described that the Gleason score upgrade after
radical prostatectomy can vary from 29.6% to 45.6%, depending on the study. This
finding can be predictive of subsequent biochemical recurrence and oncological failure
[198].

Early detection of csPCa can lead to a decrease in the mortality rate associated
with the disease [17]. The initial suspicion of PCa is based on an elevation of serum PSA
and/or an abnormal DRE, and requires further confirmation with prostate biopsy [40].
Nonetheless, this current diagnostic approach often leads to a high rate of unnecessary
prostate biopsies and an overdetection of iPCa [65]. Different tests have been developed
to predict the presence of csPCa and to help clinical decision making on who to biopsy
and who to re-biopsy after an initially negative biopsy result.

Proclarix is a recently introduced CE-marked test that provides the risk score for
csPCa (ranging from 0% to 100%) based on serum levels of Thrombospondin-1,
Cathepsin D, PSA, and percentage of free PSA in addition to age [175, 181]. To date,
three studies have evaluated the effectiveness of Proclarix in detecting csPCa [175, 176,
181], all of which included patients with specific characteristics such as serum PSA levels
between 2 and 10ng/mL, normal DRE and a prostate volume higher than 35cc. Using a
cut-off value of 10% Proclarix demonstrated a sensitivity of 90% for detecting csPCa
while its specificity ranged from 22% to 43%, with a NPV of 95% [175, 176, 181].

Our study was the first to evaluate the performance of Proclarix in men who did

not fit the specific characteristics used in prior investigations (i.e., serum PSA levels <
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2ng/mL or > 10ng/mL, abnormal DRE and prostate volume lower than 35mL) [199].
Despite differences in csPCa incidence between the two populations (25.3% and 55.5%,
respectively), Proclarix exhibited a sensitivity in both subsets of men, reaching 95.8% in
men with the specific characteristics and 98.1% in the others, with specificities of 32.5%
and 17.2%, respectively. Proclarix demonstrated a net benefit in both subsets of men
with suspected PCa, reducing the need for mpMRI and derived prostate biopsies by
25.3% in men with serum PSA levels between 2 - 10 ng/mL, prostate volume over 35cc,
and normal DRE, and by 8.7% in men who did not meet any of these criteria. The
misdiagnosis rate of csPCa was 4.2% and 1.9%, respectively. Thus, our study
demonstrated that Proclarix had a high sensitivity for detecting csPCa in men with
suspected PCa, regardless of their serum PSA level, prostate volume or DRE [200].

In recent years, the use of mpMRI has been introduced in the diagnostic
algorithm of csPCa in order to improve its accuracy and to guide prostate biopsies, and
it is now recommended in most current guidelines [112, 201]. The NPV of mpMRI when
PI-RADS is below 3, reaches 91% [188, 202], this is why most clinicians recommend
avoiding biopsies in these cases. Conversely, when PI-RADS categories are greater than
3, the likelihood of csPCa is high, ranging from 55% to 95% [186], and performing
prostate biopsies is usually recommended in these circumstances. However, the
selection of candidates for prostate biopsy, especially those with low or moderate
likelihood of csPCa suggested by mpMRI, remains challenging [201], particularly in
lesions PI-RADS 3 where 60 - 85% of prostate biopsies are unnecessary and up to 60%
of PCa detected are insignificant [203, 204].

Modern markers have been analyzed in the context of the current pathway for

csPCa diagnosis and are intended to avoid mpMRI and subsequent prostate biopsies or
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to select appropriate candidates for prostate biopsy after mpMRI [205]. Some of these
markers are combined with clinical independent predictors in predictive models [174,
206]. The Prostate Health Index (PHI) and PCA3 [207], PHI [101, 208], 4K [107, 108, 112,
209], and the Stockholm 3 test [70] have been analyze, although their specific behaviors
regarding PI-RADS categories has never been reported as a main research objective. The
comparison between Proclarix and other markers is difficult [112, 122, 124, 210] and
can only be effective in head-to-head studies.

When analyzing Proclarix performance in the detection of csPCa, only Steuber et
al. included the use of mpMRI for fusion biopsy in 121 patients of their cohort [181]. The
authors concluded that the performance of Proclarix improved when used in
conjunction with mpMRI in the decision to biopsy the patient. Other markers have been
also analyzed in combination with mpMRI. On the first hand, the PHI test provides a risk
assessment for PCa in men with similar characteristics to the initial validation cohort of
Proclarix (serum PSA between 2 and 10ng/mL and a nonsuspicious DRE). Studies have
demonstrated that combining PHI with mpMRI improves the prediction of overall and
csPCa prediction, compared to mpMRI and serum PSA alone [93]. Moreover, PHI
outperformed the total PSA and the percent of free PSA for the prediction of prostate
biopsy outcome; thus, being able to reduce the number of unnecessary biopsies and
improving the accuracy of csPCa detection [86—89]. Nonetheless, Steuber et al.
concluded that PSA density performed better than PHI in detecting csPCa and was able
to spare more prostate biopsies [181]. Similarly, SelectMDx, a urine-based marker, has
been shown to effectively differentiate high-grade PCa from insignificant disease [118,
120]. When used in conjunction with mpMRI it also exhibited a higher sensitivity but

with a lower specificity [211], and was able to avoid 38% of unnecessary prostate
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biopsies while misdiagnosing 10% of csPCa [124]. The four-kallikrein (4K) score was
developed to identify csPCa in patients with suspicious DRE and elevated serum PSA. It
has been integrated with mpMRI and clinical variables to create a predictive nomogram
[26]. In a study of 266 biopsy-naive men who underwent mpMRI, using the 4K score
would avoid 12% of unnecessary biopsies while misdiagnosing 1.4% of csPCa [210].

There are limited head-to-head studies comparing different biomarkers. In a
recently published study, the effectiveness of Proclarix and PHI in the detection of csPCa
was investigated. They reported that both biomarkers accurately detect the presence of
csPCa, with Proclarix exhibiting higher specificity and positive predictive value compared
to PHI, while maintaining similar sensitivities. Additionally, when Proclarix and PHI were
combined, a synergistic effect was observed, leading to an improvement in the
diagnostic performance of the individual tests alone with the highest clinical benefit
[212].

Unfortunately, there is lack of studies examining the role of these novel
biomarkers according to PI-RADS categories. Nonetheless, we performed a head-to-
head study comparing Proclarix with PSA density, and the externally validated ERSPC
MRI [212-214]. When the entire population of men with suspected PCa was analyzed,
the ERSPC MRI model was the most efficient tool for the detection of csPCa,
outperforming both Proclarix and PSA density. However, the performance of these tools
varied when analyzed by PI-RADS category. In men with lesions PI-RADS < 3 Proclarix
was found to be the most efficient and clinically useful tool, increasing the NPV of
mpMRI from 94% to 100% and avoiding unnecessary prostate biopsies in 70% of men
with negative mpMRI [188, 202]. In contrast, PSA density recommended prostate biopsy

in 69% of men with negative mpMRI, leaving 50% of csPCa undetected [189, 213].
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Finally, ERPSC MRI risk-calculator recommended biopsy in 37% of men with negative
mpMRI but missed 83.3% of csPCa. In patients with challenging PI-RADS 3 lesions,
Proclarix was again found to be the most efficient tool, exhibiting 100% sensitivity for
detecting csPCa while avoiding 21.3% of prostate biopsies. In comparison, PSA density
would avoid 26.2% of prostate biopsies but would miss 16% of csPCa while ERPSC MRI
would avoid 29.6% of prostate biopsies but also miss 16% of csPCa. In men with PI-RADS
4 lesions, PSA density was the most efficient tool, avoiding 18.4% of prostate biopsies
but missing 11.4% of csPCa. Proclarix would avoid 12.1% of prostate biopsies but would
miss 4.8% of csPCa while ERPSC MRI risk-calculator would avoid 9.3% of prostate
biopsies and would miss 4.2% of csPCa. In men with PI-RADS 5 lesions, in where 88.9%
of csPCa was detected, PSA density was again the most efficient tool, avoiding 9.3% of
prostate biopsies while missing 4.2% of csPCa. Proclarix would avoid 5.6% of prostate
biopsies and miss 1% of csPCa while ERPSC MRI risk-calculator would not avoid any
prostate biopsies. It is worth noting that PI-RADS categories greater than 3 are
associated with high and very high-risk of csPCa, along with increase aggressiveness of
the disease [214, 215]. Therefore, tools that ensure 100% sensitivity for the detection
of csPCa are preferred in this category, even if it means performing some unnecessary
prostate biopsies.

On the other hand, a PI-RADS 3 lesion described in the mpMRI suggests a
moderate risk of csPCa that does not exceed 20% [216]. It is a very challenging scenario
since the rate of csPCa detection is low. Thus, PSA density, predictive models and several
markers have been analyzed in order to increase its specificity and avoid unnecessary
prostate biopsies [189, 217]. We carried out the largest published sample of men with

suspected PCa and PI-RADS 3 findings on mpMRI in order to compare the behavior of
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PSA density, Proclarix and ERPSC MRI predictive model. The incidence of csPCa detected
among 169 men with PI-RADS 3 findings was 14.3%, which is within the range reported
in the literature (5 - 30%) [204]. We observed a net benefit of Proclarix over PSA density
and the ERPSC MRI predictive model for determining the likelihood of csPCa [213, 218].
Proclarix demonstrated a 100% sensitivity with an AUC of 0.703, meaning that Proclarix
was able to detect all csPCa while avoiding 21.3% of prostate biopsies (24.8% in biopsy-
naive men and 12.5% in those scheduled for repeat biopsy). In contrast, while PSA
density showed slightly higher specificity than Proclarix, avoiding 26.3% of biopsies, it
misdiagnosed 16% of csPCa, which is deemed unacceptable. This PSA density
performance is similar to previous findings [189, 214]. The accuracy of the ERPSC MRI
predictive model was notably lower compared to Proclarix and PSA density, except at
high thresholds, where the sensitivity was very low. Additionally, Proclarix and PSA
density were found to decrease the overdetection of iPCa by 5.3%, whereas the ERPSC
MRI predictive model only showed a reduction of 1.2%. Overall, these findings suggest
that Proclarix may be the most effective tool for detecting csPCa in patients with PI-
RADS 3 lesions on mpMRI. While PSAD showed comparable performance, it had a higher
rate of misdiagnosis, and the ERPSC MRI predictive model was less accurate. Very few
biomarkers have been analyzed by PI-RADS categories. A recent analysis conducted by
Tosoian et al., evaluated the effectiveness of MyProstateScore testing in men with PI-
RADS 3 lesions identified on mpMRI. The study demonstrated that MyProstateScore
exhibited superior performance compared to PSA density in the detection of csPCa in
this specific subgroup of patients [159]. Thus, Proclarix and MyProstateScore may be
valuable tools to improve the specificity of biopsies and reduce unnecessary procedures

in patients with PI-RADS 3 findings on mpMRI.
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Integrating clinical information such as prostate volume and biomarkers could
potentially improve the efficacy of mpMRI. Since the latter two are purely quantitative
measurements and accurate enough to provide reproducible results, this new strategy
has the potential to further improve the reproducibility of imaging-based diagnostics.
The novel model developed generates a risk score by integrating the values of Proclarix,
mpMRI and prostate volume, for the detection of csPCa. Steuber et al. evaluated this
strategy in the PROPOSe study and found that the Proclarix-MRI model accurately
discriminated among patients with indeterminate mpMRI categories, allowing one-third
to safely avoid biopsies without missing csPCa [181]. Our study yielded similar results,
showing that combining prostate volume and Proclarix score with mpMRI, improved the
efficacy of csPCa detection, the NPV and specificity further increased 97% and 33%
respectively. While additional prospective validation is needed to support our findings,
the diagnostic strategy relying on the Proclarix-MRI score would lower the overall biopsy
rate by 40%. The overdetection of men with iPCa would be cut in half and two out of
three negative biopsies overall would be saved. Proclarix-MRI showed a higher net
benefit for threshold probabilities of > 10% compared to the other tests, significantly
outperforming PSA density, ERPSC MRI predictive model, Proclarix and mpMRI alone.

We intended to analyze how Proclarix could be used to select appropriate
candidates for mpMRI in the diagnostic evaluation for PCa. Based on existing evidence
suggesting limited benefit from mpMRI in men with abnormal DRE and serum PSA
>10ng/mL [216, 219], we proposed that this specific subgroup of patients should be
directly scheduled for systematic prostate biopsy. Among these men, who represent
approximately 10% of all patients with suspected PCa, the rate of csPCa was found to be

89.6% accounting for 18.7% of all csPCa detected. Additionally, we suggest that Proclarix
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should be evaluated in men with normal DRE findings, as well as those with abnormal
DRE and serum PSA levels < 10ng/mL. Among these individuals, approximately 20% had
a Proclarix score < 10%, which served as our threshold for avoiding mpMRI and derived
prostate biopsies. In this subset of men, the misdiagnosis rate of csPCa was found to be
2.6% of all csPCa cases detected, while the overdiagnosis of iPCa was 18.2% of all iPCa
detected. Finally, all men with a Proclarix score > 10% should be scheduled for guided
and/or systematic prostate biopsies. Implementing this proposed diagnostic algorithm
using Proclarix, would result in a reduction in mpMRI requests by 25.4%, a decrease in
the number of prostate biopsies by 17.5%, a reduction in the rate of overdiagnosis of
iPCa by 18.2%, and a misdiagnosis of csPCa of 2.6%. These findings highlight the
potential clinical benefits of incorporating Proclarix into the diagnostic pathway of csPCa
[199]. The proposed diagnostic algorithm for patients with suspicion of PCa using
Proclarix is shown in Figure 2 of the second publication [199].

Previous studies have explored the association between Proclarix and PCa
grading, but have typically only compared men without PCa or those with GG 1 to those
with GG 2 or 3 and those with GG 4 or 5 [176, 181]. Our study confirms that Proclarix
score is indeed associated with GG, but we were not able to distinguish between GG 2
and GG 3. Additionally, our study also found an association between Proclarix and the
clinical stage of PCa as well as the risk of recurrence of treated localized PCa [199]. The
correlation between the GG and other biomarkers has been also analyzed. Multiples
studies have demonstrated a correlation between PHI and the GG in biopsy-naive
patients, obtaining higher PHI values in men with an increased probability of a Gleason
score = 7 in the biopsy [90-92, 220]. On the hand, the 4K has been extensively studied

using two surrogate endpoints of aggressiveness: the grade group and the pathology
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observed in surgical specimens. In relation to the GG obtained from biopsy samples, the
4K score obtained higher values in those patients with csPCa, compared to those with
iPCa [104, 105]. Multiple studies have confirmed the accuracy of 4K score in detecting
high-grade PCa (Gleason score > 7) and its potential to reduce the number of
unnecessary biopsies [104, 105, 221]. Nevertheless, 4K score was analyzed in a
postoperative setting and was reported to not be useful for counseling men after radical
prostatectomy. Several studies have stated that the incorporation of 4K score did not
improve the value of post-surgery risk models and could not be used in the prediction
of biochemical recurrence [117].

In our opinion, a major strength of Proclarix is its high sensitivity for csPCa, which
guarantees the detection of most of these tumors and is effective in order to select
appropriate candidates for mpMRI and derived prostate biopsies. Furthermore, we
acknowledge the need for additional head-to-head studies comparing Proclarix with
other biomarkers in order to gain a better understating of their relative effectiveness
and utility in the detection of csPCa. Nevertheless, it is crucial to conduct a
comprehensive cost-benefit analysis to determine the ultimate advantage of using these
markers as complementary tools of mpMRI. Additionally, the final benefit of any
strategy for csPCa detection should be analyzed in terms of health benefit, through
appropriate studies on cost-effectiveness analyzing the quality-adjusted life years and

healthcare cost.
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7.2. LIMITATIONS AND STRENGHTS

Our study has certain limitations that should be acknowledged. Firstly, the serum
samples were collected prospectively in the biobanks, but the measurements of the
samples were performed retrospectively. This may introduce biases and limitations in
data collection and analysis. Additionally, the only criterion for inclusion was the
requirement for men to have undergone a prostate biopsy, resulting in the exclusion of
132 samples from the INNOVATE cohort. Despite this limitation, the results indicate that
the proposed Proclarix-MRI model performs well even in a cohort where biopsies could
potentially be avoided based on established clinical practice. There was no central
reading conducted for pathology, ultrasound, and mpMRI, which may introduce a small
inter-site variability in the results.

Additionally, the lack of external validation represents another limitation, as it
reduces the generalizability of our findings. Prospective and multicenter studies
mimicking real clinical practice are warranted to validate and further explore the utility
of Proclarix. Furthermore, conducting comparative studies among existing markers
would provide valuable insights into their relative effectiveness.

On the other hand, it is important to note, that a common limitation of the study
is the assessment of csPCa in prostate biopsies. This approach may not fully represent
the true pathology observed in the entire prostate gland. Although the definition of
csPCa remains consistent across all studies, the true incidence of csPCa observed in
surgical specimens may be overestimated when relying solely on prostate biopsies. In
the era of MRI and guided biopsies it is crucial to assess the efficacy of any diagnostic
tool in improving csPCa detection regarding PI-RADS categories. While overall analyses

are important, they may not guarantee the same level of effectiveness across different
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PI-RADS categories. This can lead to confusion among clinicians regarding the net
benefits and clinical utility of the diagnostic tool.

Another significant limitation of the study was the small number of patients who
underwent radical prostatectomy. This limited sample size may have affected the
generalizability and statistical power of the study’s findings. Therefore, further
investigations with larger sample size are warranted to enhance the assessment of
Proclarix performance with the pathological analysis the surgical specimen. In
conclusion, although our study has certain limitations in terms of its design and lacks of

external validation, it provides valuable insights into the potential benefits of Proclarix.
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Proclarix, a predictive model for csPCa, has been developed from a discovery
model based on mass spectrometry proteomic approach, which identified THBS1
and CTSD as tumor markers of csPCa in a PTEN knockout mouse model silencing
PI3K/PTEN. Proclarix uses serum quantification of THBS1 and CTSD, along with
PSA, percent free PSA, and age of men with suspected PCa with serum PSA levels
between 2 and 10ng/mL and a prostate volume of 35mL or higher. Proclarix is
reported as a percent probability ranging from 0 to 100%, with a recommended

threshold of 10% set by the manufacturer.

Proclarix can be used be used in all men with suspected PCa, without limitations
on serum PSA levels or prostate volume, in order to reduce the number of mpMRI

and prostate biopsies.

When used in combination with mpMRI, Proclarix contributes to a significant
reduction in unnecessary prostate biopsies, especially in men with negative
mpMRI results, where it demonstrates a high sensitivity in detecting csPCa while
avoiding a considerable portion of biopsies. Additionally, Proclarix aids in reducing
unnecessary prostate biopsies in men with positive mpMRI findings while

potentially missing 2.6% of csPCa.
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4, Lastly, Proclarix is also a marker of PCa aggressiveness since it relates with the four
surrogates of aggressiveness: the ISUP grade group, the clinical stage, the risk of

localized PCa and the pathology after radical prostatectomy.
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Future studies should aim to adopt prospective and multicenter designs
involving larger and more diverse patients to confirm and expand upon current findings.
Despite notable progress in the development of diagnostic markers for PCa, there is a
lack of comprehensive data from clinical trials with head-to-head comparison of these
assays regarding their ability to predict csPCa in initial or subsequent prostate biopsies.
Several promising molecular biomarkers have been used for the detection of csPCa prior
to prostate biopsy, but no definitive conclusions have been drawn regarding the
superiority of any specific biomarker. In order to avoid the risks associated with
overdiagnosis and overtreatment of PCa, as well as the consequences of unnecessary
prostate biopsies, it is necessary to conduct further cross-validation studies and head-
to-head comparisons of potential biomarkers in well-designed prospective clinical trials.
In light of these considerations, continued research efforts are essential to validate the
potential benefits of Proclarix and refine its clinical utility. By employing rigorous
methodologies and expanding the scope of investigation, we can further elucidate the
role of Proclarix and contribute to more informed decision-making in the management

of prostate cancer.
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11.1. APPENDIX 1: CEIC APPROVAL

D-RTFMS
Vall d'Hebron Pg. Vall dHabron, 119-128
Hospital 08035 Barcalona

Tel. 83 489 35 91
Fax 53 489 4180
caicg@vhir.org

INFORME DEL COMITE ETICO DE INVESTIGACION CLINICA Y COMISION DE
PROYECTOS DE INVESTIGACION DEL HOSPITAL UNIVERSITARI VALL
D'HEBRON

Dofia Mireia Navarro Sebastian, Secretaria del Comité Etico de Investigacién Clinica
del Hospital Universitari Vall d'Hebron,

CERTIFICA

Que el Comité Etico de Investigacion Clinica del Hospital Universitario Vall d’'Hebron,
en el cual la Comisién de proyectos de investigacion esta integrada, se reunié en
sesién ordinaria n® 232 el pasado 29/05/2015 y evalué el proyecto de investigacion
PR(AG)96/2015, con fecha 01/03/2015, titulado “An integrated approach to solve
clinical needs in aggressive prostate cancer: identification of markers for the early
detection, predictors of resistance and targets for the recurrent disease.Un enfoque
integrado para resolver las necesidades clinicas del céncer de préstata agresivo:
identificacién de marcadores para la deteccion precoz, predictores de resistencia y
dianas para la enfermedad recurrente.” que tiene como investigador principal al Dr.
Joan Morote Robles del Servicio de Urologia de nuestro Centro.

El resultado de la evaluacion fue el siguiente:

DICTAMEN FAVORABLE

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 223/2004, y su composicién actual es la
siguiente:

Presidenta: Gallego Melcon, Soledad. Médico
Vicepresidente: Segarra Sarries, Joan. Abogado

Institut Catala Hospital Universitari Vall d'Hebron
de la Salut Universitat Autdnoma de Barcelona
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o

Secretaria: Navarro Sebastian, Mireia. Quimica

Vocales: Armadans Gil, Lluis. Médico
Azpiroz Vidaur, Fernando. Médico
Corona Pérez-Cardona, Pablo. Médico
Cucurull Folguera, Esther. Médico Farmacdloga
Latorre Arteche, Francisco. Médico
De Torres Ramirez, Inés M. Médico
Fernandez Liz, Eladio. Farmacéutico de Atencién Primaria
Ferreira Gonzalez, Ignacio. Médico
Fuentelsaz Gallego, Carmen. Diplomada Enfermeria
Fuentes Camps, Inmaculada. Médico Farmacdéloga
Guardia Mass6, Jaume. Médico
Hortal Ibarra, Juan Carlos. Profesor de Universidad de Derecho
Montoro Ronsano, J. Bruno. Farmacéutico Hospital
Rodriguez Gallego, Alexis. Médico Farmacdlogo
Sanchez Raya, Judith. Médico
Solé Orsola, Marta. Diplomada Enfermeria
Suné Martin, Pilar. Farmacéutica Hospital
Vargas Blasco, Victor, Médico
Vilca Yengle, Luz M®. Médico

En dicha reunién del Comité Etico de Investigacion Clinica se cumplié el quérum
preceptivo legalmente.

En el caso de que se evalie algin proyecto del que un miembro sea
investigador/colaborador, éste se ausentard de la reunion durante la discusion del

proyecto.

Lo que firmo en Barcelona a 29 de mayo de 2015

Favaco dyriments por VERILA RAVARID ITRASTANY

Morrbre de rptonod reernt (DM oo €5, aueteges
MIREIA NAVARRO it

Pubhes de Cotfineo CRESA L sl aVNm0

SERASTIAN g verde meeeE W,
SEBAS I |AN e TEer 1021336 o MBIDA NAVAARD
SERASTIAN

Focha D015.00.00 Y0114 40008

Sra. Mireia Navarro
Secretaria CEIC
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11.2. APPENDIX 2: MATERIAL TRANSFER AGREEMENT

MATERIAL TRANSFER AGREEMENT

This Material Transfer Agreement (hereinafter, the “Agreement”), effective as of February
15, 2020 (hereinafter referred to as the *Effective Date”), is made by and between:

FUNDAGO HOSPITAL UNIvERSITARI VALL 0'HEBRON « INSTITUT D€ RECERCA (hereinafter referred to as
"VHIR®), & non-for-profit Spanish foundation with tax identification number G-60594009,
based In Barcelona, Spaln, Passeig Vall d'Hebron, 119-129, Mediterranes Buliding, 2™ floor,
reprosented by Dr. Joan X. Comella Carnicd, acting in his capacity as Director;

HOSPITAL UNMIVERSITAIY VALL D'HEsrON (hereinafter referred 10 as "HUVN®), with address in
Passeig Vall d'Hebron 119-129, Barcelona (08035) represented by Dr, Albert Salazar | Soler,
acting as HUVH Manager ‘

VHIR and HUVH are collectively referred to hereinafter as *Provider”,

and

ProteoMediX AG (herein after referred to as *COMPANY™ or "RECIPIENT™), » corporation
with tax number CHE-115.542.635 and, with a corporate address of Wagistrasse 23, 8952
Schiieren, Switzerland and represented by Dr. Ralph Schiess acting in his capacity as CS0.

VHIR, HUVH and COMPANY are collectively referred to hereinafter as the *Parties” and
Individually as a "Party”.

Rrotals

I WHENEAS, VHIR'S overall purpose is to support, promote, and foster research, scientific
and technological knowledge, teaching, and training within the context of the Hospital
Universitari Vall d'Hebron and its areas of influence, and the Universitat Autdnoma de
Barcelona.

I WhEneAs VHIR, through Prol. Juan Moarote, investigator of VHIR'S Unit of Urology, has
title to certain materials including the know-how and all proprietary information in
refation thereto, which are described in Appendix 1 of the present document
(hereinafter referred to as the “Materfal”).

Il WhEReAs Recipient wishes to obtain from Provider, and Provider wishes to provide the

Material for the sole purpose of carrying out the project described in Appendix 2
(hereinafter referred to as, the “Project”).
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NOW THEIREFORE, In consideration of the mutual promises, covenants and conditions set forth
hereln, the Parties agree as follows.

1. PURPOSKE OF THE AGREEMENT

1.1 The purpose of this Agreement is to establish the terms and conditions under which
Provider shall provide the Materlal to the Reciplent for its use in connection with the
Project.

2. UstOr THE MATERIAL

2.1 Reciplent represents and warrants that it shall use the Material for the purpose of
carrying out the Project and agrees and understands that it shall not be entitled to
carry out any other analysls, extraction of samples or replica of the Material without
the prior written consent of the Provider. Moreover, Recipient undertakes not (o use
the Material In human subjects, In chinical trials o for dlagnostic purposes involving
human subjects without the prior written consent of the Provider, and always under
the appropriate governmental authorisations, when appbcable

22 Recipient agrees and undertakes to use the Material in compliance with all applicable
laws and regulations, inchuding but not limited to Public Health Service and National

Institutes of Health regulations and guidefines relating to research involving the use of
animals.

2.3 Material will not be distributed or released by COMPANY 10 any person other than co-
workers working at COMPANY or one of COMPANY'S contractors (for the
measurement of total and free PSA) ANALYTICA Meditinische Laboratorien AG or
Labormedizinisches Zeotrum Dr Risch, both accredited dlagnostic laboratories,
provided that such laboratory is under contractual obligations at least as protective to
VHIR's and HUVI's rights and the use of the Material as provided herein, Otherwise,
Material shall be stored and used only at the premises of the COMPANY, who
undertakes not 1o change the location of Material or the custody of the same without
the Provider's prior consent in writing.

24 Recipient aiso undertakes 1o bmit access to the Material only to thase of its employees,
or agents, taking part in the Project who require access for development of their
responsibilities thereunder. In this regard, Reciplent ensures that all of its employees
and agents having access 10 the Material shall comply with the provisions of this
Agreement, having agreed 1o be bound by the terms of this Agreement or by entering
into an agreement of similar scope and oblgations.

25  Inany case, the results of the research carried out by the Recipient in execution of the
Project, indluding all creations, discoveries, know-how, information, and/or inventions
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relating to the Material obtained, directly or indirectly, by Recipient as a consequence
of the use of the Material, including any lndustrial and/or Intellectual Property Rights
(hereinafter, the “Results™), shall be deemed confidential and shall be subject to clause
6 below.

3. DOuVERY OF THE MATIAIAL AND TRANSFTR OF RSk

31 Upon execution of this Agreement, Provider agrees to deliver the Material to the
Recipient in the term, formal conditions and with the Information and/or
documentation indicated in Appendix 1.

3.2  Once delivery of the Material has been made, any risk related to the Material shall be
transferred to Recipient, who shall be responsible for its use, storage and, given the
case, disposal, always subject to the applicable laws and regulations.

4. Comprrsanon

41, Recipient agrees to duly compensate the Provider for the costs associated with
srchiving and processing of samples in an amount of 70 euros/2 cc of serum per
Included men, that will be paid at the signature of this Agreement.

4.2, Reciplent agrees to manage the shipping and assume every cost associated with the
transfer of the Material

S, WARKANTY AND LABRITY

5.1. The Material provided under this Agreement 18 understood 1o be experimental in
nature. Provider makes no representations and extends no warranties of any kind,
express of implied, incdluding but not mited 1o wacranties of merchantability, fitness
for a particular purpose, non-infringement of any patent, copyright, trademark or any
other proprietary rights of  third party, or lack of health and safety rishs in the use of
the Materiais or the Results.

S.2. Provider shall not be liable for any damages anung from the use, handling, storage or
disposal of the Material or its Results by Redipient.

5.3. Reciplent shall indemaily and hold Provider harmidess for any loss, claim, damage or
Nability, of whatever kind or nature in connection with this Agreement, or which may
arise from, the use, handling, storage o disposal of the Material by Reciplent.

6.  Conrnenmaumy
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6.1 Subject to the other provisions of thes Agreement, both Parties agree 10 treat (i) any
and all information which is disclosed between the Parties ornally, electronically,
visually, or in a document or other tangible form and which is dentified as confidential
or which may reasonably be inferred to be confidential; and (i) test results, error data,
feedback, or other reports, in connection with the Material and the Results (hereinafter
“Confidentlal information™), with all cautions reasonably necessary and practicable to
prevent its disciosure to persons other than thase of their employees, agents or
contractors who need 10 have access 10 the Confidential Information for the purposes

of, or as envisaged by this Agreement

6.2 Each Party warmants that all such employees shall be obliged to maintain the
confidentiality of the Confidential information and 1o use it only in accordance with the
provisions of this Agreement, and each Party shall use all reasonable endeavours to
avoid and act against non-compliance by its employees.

6.3 The confidentiality obligations hereinabove mentioned shall not apply to:

#) Information which the receiving Party can establish by written record was in its

possession before the date hereof and not obtained, directly or indirectly, from
the other Party

b)  Information which is or becomes in the future public knowledge through no fault
or omission of elther Party, its employees or its directors.

c)  Information lawfully obtained by edther Party after the date hereof from a third
party with the right to disclose it

64 The confidentiality obligations contained in this Agreement shall not prevent either
Party from disclosing Confidential Information as & result of an administrative or
judicial order to regulatory suthorities. However, the Party 30 required shall notify the
other Party as soon as practicable and, in addition, shall make its best efforts to
procure confidential treatment by the requesting authority.

6.5 The obligations assumed under this clause shall remain In full force and effect even
after termination of this Agreement, as long as the information remains secret and
confidential

7. INDUSTRIAL AND/OR INTELLECTUAL PROPERTY RIGHTS
7.1 Recipient acknowiedges and agrees that the Material is the proprietary information of
VHIR, that the property of VHIR's title to it shall remain fully vested with VHIR and

nothing in this Agreement shall be construed as an assignment or transmission of any
industrial and/or intellectual property rights woridwide, including without fimitation
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any and all patents, applications for patents, utility patents, design patents, copyrights,
trademarks, trade secrets, moral rights, database rights, topography rights, character
rights, rights of publication, trade dress, and any other woridwide intangible or tangible
right related to Material belonging to VHIR which are not granted herein (hereinafter,
“Inteliectual and/or Industrial Property Rights”). The transfer of the Material shall not
be construed to grant an option or license to the Recipient under any patent, trade
secret or other rights now or hereinafter held by VHIR, other than the non-exclusive,
non-transferable, revocable right 10 use the Material for the purposes indicated herein.

VHIR acknowledges that the diagnostic test Proclaris 1o be used in the Project
represents a significant investment on the part of Recipient and Is considered
proprietary 10 Recipient.

VHIR shall be the only party 10 have the right to file patent applications on inventions
related to Trial results and own such rights, while Proteomedix shall be the only party
1o have the right to fle patent applications on Inventions related to Proclarix test
results and shall own such rights

The Parties acknowledge that publication of the Results of any data derived from the
use of the Material is the principal objective of thelr coliaboration. Both Parties will use
thelr reasonable efforts 1o encourage and assist in prompt publication of the resuits
ariing from the use of the Matenal

VALIDITY AND TR

This Agreement shall become effective on the date hereol and shall be valid for an
initial term of one year, unless either Party provides 30 days prior written notice of its
Intention not Lo renew this Agreement.

Notwithstanding the foregoing. either Party may unilaterally termunate this Agreement
or any renewal of it prior 1o its expiry by giving a 30 days prior written notice thereof to
the other Party.

Any breach of this Agreement by any of the Parties may be remedied within 30 days of
receiving written notice thereol. Any uncured breaches or breaches which, by nature,
are not capable of being remedied shall entitle the other Party to claim proper
fulfiiment or alternatively, to terminate the Agreement, and in any case, 1o be
indemnified for damages resulting from the aforementioned breach.

Upon termination or expiration of the Agreement, howsoever caused, Recipient will

sutomatically discontinue its use of the Material and will, unless otherwise agreed,
return or destroy any remaining Matedial
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8.4. Upon termination of the Agreement, any right of the Parties derived of the Intellectual
and/or Industrial Rights relating to the Results, as well as clauses S, 7, 8 and 9, shall
survive termination.

9. PERSONAL DATA PROTECTION

For the development of the object of this Agreement, no provision is made for the processing
of personal data of one of the Parties on behalf of the other.

Notwithstanding the foregoing, the Parties undertake to comply with current legislation on
the Protection of Personal Data. Therefore, in accordance with the provisions of Regulation
(EV) 2016/679 of the European Parflament and of the Councll of 27 April 2016 and the
legistation in force on the matter, the Parties agree that i, for the successful conclusion of
this Agreement, one of them should process personal data on behalf of the other, they will
grant, as Controller and Processor respectively, a contract of data processor that will be
annexed to the present, with the content and requirements demandable by the regulations
in force.

It shall be the duty of the Controlier 10 inform the Data Processor when he i3 required to
process data on his own behall, and 10 submit him to 8 processing order contract, prior to the
Data Processor beginning to process data on behalf of the Data Processor, and under no
circumstances may such obligations fall on, delegate, transfer, impute or pass on to the Data
Processor, Ukewise, and beforehand, the Controller must inform and request the express
consent of the Interested parties whose data will be processed by the Controler.

10.  MuocRLANIOUS

Any formal notice required or permitted by this Agreement must be delivered in writing and
sent by certified mail, return receipt requested, addressed to the other Party at the address
shown at the beginning of this Agreement or at such other address for which such Party ghves
notice hereunder,

Should any part, article, paragraph, sentence o clause of this Agreement be deemed vague,
invalid or inapplicable, such part shall be eliminated and the rest of the Agreement shall
remain valid and in force.

This Agreement may not be changed or modified in any way, orally or otherwise, unless such
amendment is made in writing and signed by both Parties.

This Agreement may not be assigned by either of the Pacties in any case without the express
prior written consent of the other Party
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Should either of the Parties fail to execute any of the provisions of this Agreement, such
failure shall not be deemed to constitute a walver of such provisions nor of any other
provision set forth herein nor 2 waiver of that Party’s right to execute such provisions
therealter

Neither Party shall be Nable for its inability to perform any of the obligations under this
Agreement provided that the cause of such inability is due to causes beyond its reasonable
control such as, but not restricted to, fire, floods, strikes, or other industrial disturbances,
restrictions, the unavailability of fuel or power supply, accidents, war (declared or
undeclared), an embargo, isolation, mutiny, insurrection or a change of government.

11, GOVERNING LAW AND JURISOCTION

111, This Agreement shall be poverned by and construed under the laws of Spain.

112, With express waiver 10 any other jurisdiction that may correspond to the Parthes, any
dispute or controversy in relation 10, in connection with or resulting from this
Agreement shall be exclusively resolved by the courts of the city of Barcelona

IN WITNESS WHERtOs, the Parties have cawsed tha MATIRAL TRANSIER AGREEMENT tO be
executed by thelr duly authorised representatives a3 of the Effective Date.
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Christian Bruhimann

Acknowledge and approved:
JUAN MOROTE
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Dr. Morote Robles
Principal Investigator VHIR
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APPENDIX 1: MATERIALS ORIECT OF THE PRESENT MATEMAL TRANSFER AGREEMENT

421 pes. 2 mi frozen Human Serum Samples according to Inclusion- fexclusion criteria
specified in project.
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APPENDIX 2: PROJICT
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