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"Research is to see what everybody else has seen, and to think what nobody 

else has thought."  

Albert Szent-Györgyi 
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PHI: Prostate Health Index 
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PPV: positive predictive value 

PSA: Prostate-specific antigen 

PSAD: Prostate-specific antigen density 

PV: prostate volume 

THBS1: Thrombospondin-1 

TNM: Tumor-Node-Metastasis  

TRUS: Transrectal ultrasound 
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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: 

- 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. 

 

  

1.4. MATERIALS AND METHODS 

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

Items 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. Isciii.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- α-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% CI 0.637 – 0.765) and 0.754 (95% CI 0.701 – 0.807), p = 0.038. 
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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 INTRODUCCIÓN  

La detección temprana del cáncer de próstata (CaP) clínicamente significativo 

disminuye la mortalidad específica de la enfermedad. La sospecha inicial del CaP se basa 

en un aumento del antígeno prostático específico (prostate-specific antigen, PSA) y/o 

un tacto rectal anormal, y requiere de confirmación adicional con una biopsia prostática. 

Sin embargo, este enfoque diagnóstico actual a menudo conduce a una alta tasa de 

biopsias de próstata innecesarias y a una sobre detección de CaP insignificante. Proclarix 

es un marcador que proporciona el riesgo de detección del CaPcs (del 0 al 100%) basado 

en la determinación sérica de Trombospondina-1, Catepsina D, PSA total y PSA libre, 

además 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 prostático ≥ 35mL y un tacto rectal normal. 

Nuestro objetivo fue evaluar el valor clínico de incorporar Proclarix en el algoritmo 

diagnóstico del CaP junto con la resonancia magnética multiparamétrica (RMNmp) y 

determinar su potencial de cara a mejorar la selección de candidatos apropiados para la 

realización de biopsias prostáticas. Por último, también quisimos evaluar la relación 

entre Proclarix y la agresividad del CaP.   

 

 

1.2. HIPÓTESIS 

 Proclarix es un nuevo marcador desarrollado con el objetivo de mejorar la 

detección precoz del cáncer de próstata clínicamente significativo. Reduce la necesidad 
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de realizar resonancias magnéticas multiparamétricas en varones con sospecha de CaP 

y mejora la selección de candidatos para la realización de biopsias prostáticas. También 

está correlacionado con la agresividad del cáncer de próstata.  

 

 

1.3. OBJETIVOS 

 Para contrarastar las hipótesis propuestas en la sección anterior, definismo el 

siguiente objetivo principal: 

- Investigar la utilidad clínica y efectividad de Proclarix en varones con 

sospecha de cáncer de próstata clínicamente significativo antes y 

después de la RMNmp.  

Además, también propusimos los siguientes objectivos secundarios: 

1. Analizar mediante una revisión sistemática de la literatura cómo se descubrió 

Proclarix, sus características y su desarrollo clínico hasta el inicio de este 

proyecto. 

2. Evaluar el papel de Proclarix en la reducción del número de biopsias de próstata 

innecesarias en varones con sospecha de cáncer de próstata. 

3. Comparar el rendimiento de Proclarix con la densidad de PSA y la calculadora de 

riesgo de Rotterdam-RMNmp para identificar aquellos candidatos adecuados 

para la realización de biopsias de próstata. 

4. Analizar la relación entre Proclarix y la agresividad del cáncer de próstata 
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1.4. MATERIAL Y MÉTODOS 

La presente tesis doctoral se presenta como un compendio de siete 

publicaciones.  

La primera publicación consistió en una revisión sistemática de la literatura con 

el objetivo de analizar la utilidad clínica actual de Proclarix para el diagnóstico del CaP 

clínicamente significativo. Se llevó a cabo una búsqueda bibliográfica en las bases de 

datos de PubMed, Cochrane y Trip por dos revisores independientes, utilizado los 

siguientes términos MeSH (Medical Subject Heading):  "próstata”, “Trombospondina-1”, 

“Catepsina D” y “Proclarix”. Se siguieron las pautas PRISMA (Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses) y los criterios de selección 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 artículos cumplieron los criterios de selección y 

fueron incluidos en la revisión sistemática.  

Las publicaciones de la dos a la siete analizaron una cohorte de 751 varones con 

sospecha de CaP en dos centros europeos. Se utilizó una base de datos creada 

prospectivamente y una colección de muestras de suero congeladas. En el Hospital 

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

Referencia de la colección: 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 inclusión fueron varones con niveles de PSA sérico ≥ 

3ng/mL y/o Un tacto rectal anormal, programados para una RMNmp previa a la biopsia 

prostática. 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 prostática benigna sintomática tratada con inhibidores de la 5-α-reductasa. 

En la cohorte original de UCL (n = 291), la mayoría 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 evaluó a partir de cuatro subrogados: el grupo de grado 

(GG) de la biopsia prostática, el estadio clínico, el riesgo de recurrencia bioquímica del 

CaP localizado y el tipo de patología de la pieza quirúrgica.  El GG fue definido por las 

categorías de la sociedad internacional de patología urológica (International Society of 

Urological Pathology, ISUP). Se utilizó el sistema tumor, ganglio linfático, metástasis 

(Tumor-Node-Metastasis) para la clasificación clínica (cT basado en el tacto rectal, 

mientras que cN y cM se establecieron con la tomografía computarizada y la 

gammagrafía ósea con tecnecio-99). El riesgo de recidiva bioquímica del CaP localizado 

después de tratamiento primario, se determinó combinando el PSA, el GG y el cT, según 

los criterios D’Amico. Finalmente, una patología desfavorable de la pieza quirúrgica fue 

definida como un GG > 2 o un pT ≥ 3.  

Nuestro estudio se llevó a cabo de acuerdo con las pautas de buenas prácticas 

clínicas y los principios éticos establecidos en la última versión de la Declaración de 

Helsinki (2013). Antes de la inclusión, todos los participantes firmaron un 

consentimiento informado por escrito sobre la recolección y almacenamiento de 

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

La revisión sistemática de la literatura reportó que los estudios iniciales 

demostraron un beneficio inicial de Proclarix en aquellos pacientes con características 

específicas (valores de PSA entre 2 y 10ng/mL, un tacto rectal normal y un volumen 

prostático ≥ 35mL).  

La segunda publicación demostró que Proclarix puede ser utilizado en todos los 

varones con sospecha de CaP, independientemente de los niveles de PSA sérico y del 

volumen prostático. El área bajo la curva fue similar en pacientes con niveles de PSA 

sérico entre 2 y 10ng/mL, un tacto rectal normal y un volumen prostático ≥ 35mL, y 

aquellos sin estas características específicas (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 diagnóstico junto 

con PSA sérico y el tacto rectal, utilizando el umbral del 10%, se observó una disminución 

del 25.4% en las solicitudes de RMNmp. Además, las biopsias de próstata innecesarias 

se redujeron en un 17.7% con un 2.6% de diagnósticos erróneos de CaP clínicamente 

significativo.  

En la tercera publicación se evidenció que Proclarix superó a la calculadora de 

riesgo de Rotterdam-RMN y a la densidad de PSA en la detección del CaP clínicamente 

significativo en varones con lesiones PI-RADS ≤ 3 en la RMNmp. Sin embargo, ninguna 

herramienta garantizó una detección del 100% de CaP clínicamente 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 prostáticas innecesarias en varones con lesiones PI-RADS 3 sin 

dejar de diagnosticar ningún caso de CaP clínicamente significativo. Por otro lado, la 
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densidad de PSA evitó un 26.3% pero diagnosticó erróneamente un 16% de CaP 

clínicamente significativo, y la calculadora de riesgo de Rotterdam-RMN redujo el 

número de biopsias de próstata innecesarias en un 7.1% dejando de diagnosticar un 4% 

de CaP clínicamente significativo. Por lo tanto, Proclarix demostró un mejor rendimiento 

que la densidad de PSA y la calculadora de riesgo Rotterdam-RMN en la selección de 

candidatos para las biopsias prostáticas, especialmente en aquellos varones con 

lesiones PI-RADS 3.  

La sexta publicación analizó la combinación de Proclarix, RMNmp y el volumen 

prostático, objetivando una reducción de dos tercios de las biopsias de próstata 

innecesarias. El modelo Proclarix-RMN exhibió una sensibilidad del 90% para detector 

el CaP clínicamente significativo con un valor predictivo negativo del 90% y un valor 

predictivo positivo del 66%. Notablemente, el modelo Proclarix-RMN demostró una 

especificidad significativamente mayor (68%, p <0.001) en comparación con la 

calculadora de riesgo de Rotterdam-RMN (51%), Proclarix (27%) o RMNmp (28%) por sí 

solo.  

La última publicación informó sobre una correlación entre Proclarix y los cuatro 

subrogados de la agresividad del CaP (GG, el estadio clínico, el riesgo de recurrencia 

bioquímica y la patología de la pieza quirúrgica).  

 

 

1.6. CONCLUSIONES 

 Proclarix es un test recientemente aprobado por la Conformité Européenne (CE) 

que proporciona el riesgo de CaP clínicamente 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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prostático. Además, Proclarix logró reducir el número de biopsias de próstata en 

pacientes con sospecha de CaP antes y después de la RMNmp. Por lo tanto, la 

combinación 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 

demostró una sensibilidad del 100% en la detección del CaP clínicamente significativo y 

pudo evitar un tercio de las biopsias de próstata. Por otro lado, en pacientes con 

RMNmp positivas, Proclarix disminuyó un 43% el número de biopsias de próstata 

innecesarias. En pacientes con lesiones PI-RADS 3, Proclarix pudo reducir un 21.3% de 

biopsias de próstata innecesarias sin dejar de detectar el CaP clínicamente significativo. 

Comparado con las otras herramientas de predicción como la densidad de PSA y la 

calculadora de riesgo de Rotterdam-MRI, Proclarix fue más efectivo en la detección del 

CaP clínicamente significativo. Por último, Proclarix se correlacionó con la agresividad 

del CaP.   
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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].  

 

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 PCa in 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-ARIs 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 (CI 95%: 0.88-0.96) in 

comparison to only 48% (CI 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 



Introduction 
   

 
 

35 

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

T - Primary Tumor (stage based on digital rectal examination [DRE] only)  

TX Primary tumor cannot be assessed  

T0  No evidence of primary tumor  

T1  Clinically inapparent tumor that is not palpable  

T1a  Tumor incidental histological finding in 5% or less of tissue resected  

T1b  Tumor incidental histological finding in more than 5% of tissue resected  

T1c  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 Nodes1 

NX Regional lymph nodes cannot be assessed  

N0  No regional lymph node metastasis  

N1  Regional lymph node metastasis  

M - Distant Metastasis2 

M0  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 cT1c. 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.   

 

 

 

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 

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) 

and cT1-2a* 
Or GS 7 (ISUP 2/3) or 
cT2b* 

Or GS >7 (ISUP 
4/5) or cT2c* 

Any GS (any ISUP) cT3-4 
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 
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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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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 

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 
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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.  
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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 naïve 

patients, obtaining higher PHI values in men with an increased probability of a GS ³ 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-naïve 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 ³ 7.5% and a subsequent biopsy if the 

mpMRI was positive (PI-RADS 3 to 5) or the 4K score was ³ 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-naïve men in the Netherlands with 

serum PSA levels ³ 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 ³ 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-β), 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 ≥ 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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 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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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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   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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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.   
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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 T1c, 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 ≥ 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 ≥ 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-naïve 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-

naïve 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-naïve 

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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1.  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. 

 

2.  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.  

 

3.  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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