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ABSTRACT 

Background: Prostate cancer (PCa) is one of the most prevalent malignancies in 

men worldwide. Its diagnosis primarily relies on prostate biopsy, which includes 

systematic biopsies and targeted biopsies directed at suspicious lesions detected by 

MRI. The introduction of targeted prostate biopsies improved diagnostic accuracy, 

but the relative efficacy of cognitive versus software-assisted techniques remains 

debated. 

Purpose: This study aimed to compare the diagnostic performance of cognitive and 

software-assisted targeted biopsies in detecting PCa and clinically significant 

prostate cancer (csPCa) in a cohort of patients undergoing transperineal prostate 

biopsy. A secondary aim was to investigate clinical and radiological predictors of 

PCa and csPCa. 

Patients and methods: This retrospective monocentric study included 445 patients 

who underwent transperineal prostate biopsy at the University Hospital of Padova 

from January 2023 to June 2024. Among these, 261 underwent cognitive targeted 

biopsy and 184 underwent software-assisted targeted biopsy. Systematic biopsies 

were performed alongside targeted biopsies in all patients. Detection rates for PCa 

and csPCa were compared between the two groups and multivariable logistic 

regression was used to identify significant predictors of PCa and csPCa. 

Results: No statistically significant differences were found between detection rates 

of cognitive and software-assisted techniques, either when only considering 

targeted biopsies (csPCa: 27.7% vs 34.1%, p = 0.3) or when combining targeted 

and systematic biopsies (csPCa: 44.4% vs 38.6%, p = 0.4). However, a slight trend 

favoring a sotware-assisted technique was observed. Multivariable analysis 

identified key predictors of csPCa, including age, prostate volume, lesion 

localisation (anterior vs posterior), PI-RADS score and lesion diameter. 

Conclusions: Cognitive and software-assisted targeted biopsies demonstrated 

similar diagnostic accuracy for PCa and csPCa detection. These findings suggest 

that, to date, the choice between the two techniques is influenced more by practical 

considerations, such as operator expertise and resource availability, rather than 

differences in diagnostic efficacy. Regarding predictors of PCa and csPCa, the 

identification of robust predictors, particularly PI-RADS score and anterior lesion 

localisation, highlights their critical role in improving biopsy planning. 
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RIASSUNTO 

Presupposti dello studio: Il carcinoma della prostata (PCa) è uno delle neoplasie 

maligne più comuni negli uomini. La diagnosi si basa principalmente sulla biopsia 

prostatica, che comprende biopsie sistematiche e biopsie mirate alle lesioni sospette 

identificate alla risonanza magnetica (RM). L’introduzione delle biopsie mirate ha 

migliorato l’accuratezza diagnostica, ma l’efficacia relativa delle tecniche cognitive 

rispetto a quelle assistite da software è ancora dibattuta. 

Scopo dello studio: Lo scopo di questo studio è quello di confrontare la 

performance diagnostica delle biopsie mirate cognitive e di quelle assistite da 

software nel rilevare PCa e carcinoma prostatico clinicamente significativo (csPCa) 

in pazienti sottoposti a biopsia prostatica transperineale. L’obiettivo secondario era 

investigare i predittori clinici e radiologici di PCa e csPCa. 

Pazienti e metodi: Questo studio retrospettivo monocentrico ha incluso 445 

pazienti sottoposti a biopsia prostatica transperineale presso l’Azienda Ospedale-

Università di Padova tra gennaio 2023 e giugno 2024. Di questi, 261 hanno eseguito 

una biopsia mirata con tecnica cognitiva e 184 con tecnica assistita da software. In 

tutti i pazienti sono state effettuate anche biopsie sistematiche. I tassi di rilevamento 

di PCa e csPCa sono stati confrontati tra i due gruppi e un’analisi di regressione 

logistica multivariata è stata utilizzata per identificare i predittori significativi di 

PCa e csPCa. 

Risultati: non sono state rilevate differenze statisticamente significative nei tassi di 

rilevamento di tra le tecniche cognitive e assistite da software, né considerando solo 

le biopsie mirate (csPCa: 27,7% vs 34,1%, p = 0.3) né considerando la 

combinazione di biopsie mirate e sistematiche (csPCa: 44.4% vs 38.6%, p = 0.4). 

Tuttavia, è stata osservata una tendenza verso una maggiore rilevazione da parte 

delle tecniche assistite da software. L’analisi multivariata ha identificato diversi 

predittori di csPCa, tra cui età, volume prostatico, localizzazione della lesione 

(anteriore vs posteriore), punteggio PI-RADS e diametro della lesione. 

Conclusioni: Le biopsie mirate e quelle assistite da software hanno dimostrato 

un’accuratezza diagnostica simile nel rilevare PCa e csPCa. Questi risultati 

suggeriscono che la scelta tra le due tecniche possa dipendere più da fattori pratici, 

quali l’esperienza, dell’operatore e le risorse disponibili, piuttosto che differenze 

nell’efficacia diagnostica. Riguardo i predittori di PCa e csPCa, l’identificazione di 

forti predittori, in particolare il punteggio PI-RADS e la localizzazione anteriore 
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della lesione, sottolinea il loro ruolo fondamentale nel migliorare la pianificazione 

della biopsia. 
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1.  INTRODUCTION: PROSTATE CANCER 

 

1.1. EPIDEMIOLOGY AND RISK FACTORS 

Prostate cancer (PCa) is the second most frequently diagnosed cancer in men 

worldwide, with over 1.467.000 new cases reported in 2022. In both Italy and 

Europe, it holds the highest incidence among male cancers, accounting for about 

47.000 and 380.000 cases respectively in the same year, making it the most common 

type of cancer both in the European and the Italian male population. (1,2) 

The incidence of PCa can vary significantly across different geographic areas: 

countries located in areas with high or very high human development such as 

Australia and New Zealand, the United States of America, Western and Northern 

Europe have a higher incidence rate compared to other areas of the world. (3) These 

differences can be explained not only by socioeconomic heterogeneity, but also by 

the different healthcare policies adopted in each country. The main factor that is 

considered to influence the number of diagnoses is the strategy adopted for early 

detection of cancer based on the measuring of prostate-specific antigen (PSA). (4) 

This theory is supported by the fact that incidence trends have been stabilizing or 

declining over the past five years, in accord with the reduction in PSA testing as a 

screening method, which has led to fewer diagnosis of indolent cases of PCa. (3) 

Despite its high incidence, PCa has a much lower mortality rate compared to most 

types of cancer. Overall, PCa is the fifth cause of cancer-related death worldwide, 

with around 397.000 deaths accounted in 2022. (1,2) The variation among mortality 

rates among different countries is relatively lower compared to incidence rates. 

However, some differences persist, as PCa still is the leading cause of cancer-related 

deaths among men in 52 countries. (5) The highest estimated mortality rates 

recorded in the Caribbean, sub-Saharan Africa, parts of the former Soviet Union, 

and Asia. (3) 

In most Western countries PCa mortality has decreased in the last five years, but 

the extent of this reduction varies from country to country. This ongoing decline in 

most high human development countries is likely due to advancement in treatments, 

such as surgery, hormone therapy and radiation therapy, as well as the improved 

access of these medical interventions. (3) 
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PCa risk is influenced by a variety of factors. Some of the most significant non 

modifiable risk factors, such as family history and ethnic background, suggest the 

importance of genetic predisposition. Moreover, more than 17% of PCa patients 

have an underlying germline mutation. (5) 

Regarding family history, over 20% of men that are diagnosed with PCa have a 

first-degree relative who received the same diagnosis, and having an affected family 

member doubles the risk of PCa. The risk is even higher if said family member is 

60 years old or younger. (4) 

Differences in incidence and mortality rates have been observed across various 

racial and ethnic groups, which could also partially explain the epidemiological 

variation among different countries. (4) In particular, men of African descent in 

Western countries tend to present with more advanced disease at the time of 

diagnosis and generally experience worse outcomes. (5) 

Another highly relevant factor is age. The risk of PCa is relatively low for men 

younger than 40 years of age, but it increases significantly after the age of 55. The 

average age at diagnosis has decreased in the past few years after some changes in 

the criteria for PSA testing for screening, which is usually avoided in men with a 

life expectancy shorter than ten years. (6) 

Older age, black race, and a family history of PCa are the only well-established risk 

factors for the disease, but some environmental and clinical history factors are also 

thought to be associated with a higher risk of developing PCa, such as metabolic 

syndrome, obesity, diabetes and metformin use, cholesterol and statins use, dietary 

factors, hormonally active medication (testosterone). On the contrary, other 

hormonal drugs like 5-alpha-reductase inhibitors (5-ARIs) act as a protective factor 

and reduce the risk of developing PCa. (5) 

 

1.2. DIAGNOSIS 

The definitive diagnosis of PCa relies on prostate biopsy, as histological 

examination remains the only method to confirm malignancy. However, the 

decision to perform a biopsy is guided by a combination of clinical findings and 

additional diagnostic tools. 

Elevated levels of prostate-specific antigen (PSA) on laboratory testing and 

abnormal results on digital rectal examination (DRE) are often the first signs that 
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raise suspicion of potential PCa. However, these findings alone are insufficient to 

confirm or exclude the diagnosis and they do not necessarily indicate the immediate 

need for a prostate biopsy. Additional testing may be performed, including 

multiparametric magnetic resonance imaging (mpMRI), which plays an 

increasingly important role not only in detecting suspicious lesions but also in 

guiding biopsy procedures and risk assessment. Additionally, transrectal ultrasound 

(TRUS) remains a key technique, commonly employed to guide biopsy needle 

placement and improve the precision of tissue sampling. 

While these tools enhance diagnostic accuracy, individualized patient factors such 

as genetic predisposition, family history and other risk factors also play a critical 

role in the diagnostic process, helping to identify patients at higher risk who may 

benefit from further investigation. At the same time, the decision to proceed with 

biopsy must account for the patient’s biological age, life expectancy (with further 

investigations often unnecessary if life expectancy is below 10 years), overall health 

status and comorbidities. These considerations aim to minimize unnecessary 

procedures while ensuring timely detection of clinically significant cases. 

Ultimately, this decision must be made collaboratively with the patient, 

incorporating their values and preferences into the process.(5,7–9) 

 

1.2.1. CLINICAL PRESENTATION 

PCa is typically asymptomatic at the time of diagnosis, as it is most often detected 

at a localised stage. Less frequently, usually following local tumor progression, it 

can cause symptoms such as lower urinary tract symptoms (LUTS), erectile 

dysfunction, urinary retention, hematuria, hematospermia or pain. These 

manifestations, however, are highly nonspecific and may be caused by other 

prostatic or urinary conditions of benign etiology. In particular, LUTS are more 

commonly indicative of benign prostate hyperplasia rather than of PCa, considering 

they both affect the same age group. (5) 

Since the skeleton is the most common site of metastasis in PCa, some patients may 

present bone pain or pathological fractures as initial symptoms. However, it is 

uncommon nowadays, as only 6% of patients have metastatic cancer at the time of 

diagnosis. (10) 
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1.2.2. DIGITAL RECTAL EXAMINATION 

Digital rectal examination (DRE) can detect abnormalities in the surface or 

consistency of the prostate, such as nodules, diffuse induration or asymmetries, and 

it simultaneously allows an assessment of the gland’s volume. 

Approximately 18% of PCa cases are detected based solely on a positive DRE 

finding, regardless of PSA levels. The positive predictive value (PPV) in patients 

with a suspect DRE and a PSA level ≤ 2 ng/mL ranges from 5 to 30%. (11) 

Although digital rectal examination (DRE) is a cost-effective and rapid method for 

identifying potential tumor masses, it has significant limitations as a diagnostic tool, 

primarily its high interobserver variability. Moreover, in older men a symmetrically 

enlarged and firmer prostate is common, particularly in cases of benign prostatic 

hyperplasia. Therefore, when abnormalities are detected on DRE, the execution of 

additional diagnostic tests is appropriate in order to determine whether a biopsy 

should be performed. 

At the same time, a normal DRE does not rule out the possibility of PCa. This 

technique can only detect tumors located in the posterior and lateral portions of the 

gland, which are the only ones palpable through the rectum. Besides, early stage 

cancers, even if localised in these regions, may be too small to be identified. (12) 

 

1.2.3. PROSTATE-SPECIFIC ANTIGEN 

Prostate-specific antigen (PSA) is a glycoprotein enzyme secreted by the prostatic 

epithelium. Serum PSA levels represent one of the most valuable and commonly 

used tests for the early detection of PCa, as elevated values of PSA correlate with a 

greater likelihood of the disease. However, while PSA is an organ-specific marker, 

it is not cancer-specific; several non-malignant conditions can influence its 

secretion, including benign prostatic hyperplasia, prostatitis or urinary tract 

infections. Additionally, PSA levels may be increased by other confounding factors 

such as manipulation of the prostate (e.g. during digital rectal examination), recent 

ejaculation, cycling or the use of certain medications. (5,10) On the other hand, 

other elements can influence PSA levels by reducing them, including 5-alpha 

reductase inhibitors (5-ARIs), obesity, aspirin, thiazide diuretics, statins or herbal 

supplements. (10) 5-ARIs, such as finasteride and dutasteride, which belong to a 
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class of medications commonly used for treatment of benign prostatic hyperplasia, 

can cause a decline in PSA levels by approximately 50%. (13) 

PSA level is a continuous variable and, as previously stated, higher levels indicate 

a greater chance of PCa. Generally, a cut-off of ≤ 4 ng/ml is considered to be normal, 

given that it has been shown to achieve a sensitivity of 93% and a specificity of 

20% for detecting PCa. (14) However, a study conducted on men who had a PSA 

level of 4.0 ng/ml or lower showed that over 15% of these individuals still had 

clinically significant PCa. (15) Therefore, a low PSA level does not ensure the 

absence of the disease and no PSA cut-off can be applied with absolute certainty. In 

fact, there is currently no universally accepted standard for defining an optimal 

threshold. 

Regardless of external factors that can influence their value, PSA serum levels are 

subjected to biological fluctuations. For this reason, a single elevated reading is not 

sufficient to indicate the presence of PCa, as it carries a significant risk of the 

abnormal finding being a false positive. Supporting this, research has shown that 

nearly half of men who have a single elevated PSA finding return to normal upon 

the following reading. (16) Consequently, an isolated elevation should be confirmed 

by a second measurement after a few weeks before proceeding with further testing, 

including a prostate biopsy. (5,16) This is particularly relevant in men with a 

moderately elevated PSA (i.e. ≤ 10 ng/ml), where a repeat test has been 

demonstrated to reduce the indication for biopsy in over 16% of cases. (17) 

Among the factors that must be considered when interpreting a PSA test, the 

patient’s age is particularly significant, as it can influence the interpretation of PSA 

levels and, consequently, the decision to proceed with further evaluation. There is 

a well-established direct correlation between serum PSA concentration and age, 

primarily attributed to the influence of prostate volume on PSA production. Prostate 

volume also physiologically increases with advancing age, often alongside the 

presence of benign prostatic hyperplasia. Thus, research has suggested it is 

appropriate to take into account age-specific reference ranges when reading PSA 

tests. (18,19) 

In case of equivocal PSA results, adjunctive laboratory tests can be performed to 

attempt to better estimate the likelihood of PCa, such as PSA density and free-to-

total PSA ratio. 
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PSA density (PSAD) is calculated by dividing the PSA level by the prostate volume, 

with higher PSAD values being associated with an increased risk of PCa. However, 

since PSAD can be elevated in both benign and malignant conditions, it is 

particularly meaningful parameter in patients with smaller prostate volumes. 

Nonetheless, PSAD has some limitations, primarily due to the lack of 

standardisation of prostate volume estimation, which can be measured with imaging 

techniques (TRUS or MRI) or less precisely during digital rectal examination. 

(5,20) 

Prostate-specific antigen is present in the serum in multiple forms: the majority is 

bound to protease inhibitors, while a smaller fraction remains unbound, referred to 

as free PSA. The ratio between these two forms, the free-to-total PSA ratio (f/t PSA 

ratio), has been shown to help distinguish between malignant and benign prostatic 

disease. Specifically, men with PCa tend to have a lower percentage of free PSA 

compared to those with a normal prostate or benign conditions, although the 

underlying reason for this phenomenon remains unclear. (12,21) 

In summary, while PSA serum levels are an important factor in risk assessment, 

they are not sufficient on their own to justify the execution of a prostate biopsy. 

Instead, they should be considered alongside other diagnostic tools. 

 

1.2.4. MAGNETIC RESONANCE IMAGING 

Magnetic resonance imaging (MRI) plays a prominent role in multiple aspects of 

PCa diagnosis and management. It provides accurate visualization of potentially 

significant PCa, making it a valuable tool for detecting PCa and improving patient 

selection for biopsy. 

Specifically, the advancement of multiparametric magnetic resonance imaging 

(mpMRI), which integrates a specific combination of imaging sequences, has 

significantly enhanced the clinical utility of prostate MRI and improved lesion 

identification and characterization. MpMRI combines three distinct imaging 

sequences: high-resolution T2-weighted images (T2W), which provides an 

evaluation of the gland’s anatomy, and two functional techniques, diffusion 

weighted imaging (DWI) and dynamic contrast enhanced MRI (DCE-MRI), which 

has a high sensitivity in cancer detection. (22) 
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PCa lesions typically appear as round, low signal intensity areas on T2W imaging 

due to increased cell density, high signal intensity on DWI sequences and early 

enhancement on DCE-MRI, reflecting the presence of abnormal 

neovascularization. (23,24) 

 

 

Figure 1 - Multiparametric MRI of the prostate. 

 

The International Prostate MRI Working Group developed the Prostate Imaging-

Reporting and Data System (PI-RADS) in order to standardize the image 

acquisition techniques of prostate MRI, its interpretation and the terminology used 

in reporting. (23,25) 

The PI-RADS assessment assigns each lesion a score on a five-point scale, 

indicating the likelihood of csPCa. According to the PI-RADS version 2 criteria 

(25), the categories are defined as follows: 

• 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) 
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Evidence on the performance of MRI conducted in accordance with PI-RADS v2 

demonstrates high sensitivity and moderate specificity in the detection of csPCa 

(i.e. ISUP grade group 2 or higher). A Cochrane meta-analysis, which included 21 

studies and over 3.800 patients, compared MRI findings with template biopsy 

results, reporting an overall pooled sensitivity of 91% (95% CI: 0.83–0.95) and an 

overall pooled specificity of 73% (95% CI: 0.29–0.46). (26) Furthermore, in a study 

comparing pre-operative MRI and histopathology results following radical 

prostatectomy, MRI showed a good sensitivity for detection and localisation of 

csPCa particularly for lesions with a diameter greater than 10 mm. In fact, detection 

rates were observed to increase in correlation with tumor volume and Gleason 

score. (27) 

In the diagnostic pathway for PCa, the execution of mpMRI is indicated in naive 

patients (i.e. with no prior biopsy) when there is a suspicion of significant disease. 

The decision to perform the exam is based on one or more of the other diagnostic 

tools, such as elevated PSA levels or abnormalities detected during DRE, in 

conjunction with additional factors including age, comorbidities, life expectancy, 

potential therapeutic implications and the patient’s preferences. (5,28) 

Despite its recognized utility, there is no universal consensus on the role of MRI 

prior to prostate biopsy. While several international associations, including the 

European Association of Urology (EAU), the American Urological Association 

(AUA) and the United Kingdom’s National Institute for Health and Care Excellence 

(NICE), support the use of routine pre-biopsy prostate MRI, not all endorse its role 

as the sole determinant for deciding whether patients should undergo biopsy. 

(5,29,30) Specifically, the 2024 guidelines from the EAU endorse the use of 

prostate MRI as a triage test for biopsy, other guidelines, such as those of the AUA, 

argue that the available data is insufficient to recommend routine MRI in biopsy-

naive men. (5,29) Nonetheless, several studies have demonstrated that mpMRI 

could play an important role in selecting patients for biopsy, in order to avoid 

undertaking unnecessary biopsies in patients with no visible lesions at imaging. (31) 

Due to its high sensitivity, MRI has shown a strong negative predictive value (NPV) 

for ruling out the presence of csPCa when the result was compared to biopsy 

outcomes. (32–34) For instance, the PROMIS trial reported that the NPV of mpMRI 

for detecting clinically significant cancer was higher than that of standard biopsy 

(89% vs 74%). This study also demonstrated that using MRI as a triage test prior to 
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the first prostate biopsy, by limiting the procedure to patients with lesions classified 

as PI-RADS ≥3, could have avoided unnecessary biopsies in 27% of cases. (35) 

Similarly, the Cochrane review reported that, with a threshold of PI-RADS ≥3, 30% 

of procedures would have been avoided while 11% of csPCa diagnosis would have 

been missed, including both biopsy-naive patients and patients with prior negative 

biopsies. (26) 

However, the so-called “MRI pathway”, where only patients with suspicious MRI 

findings undergo biopsy, is not yet part of standard clinical practice due to 

insufficient supporting evidence. For this reason, men with suspected PCa and no 

visible lesions on MRI are typically still referred for biopsy. 

Beyond its role in the diagnostic phase, prostate MRI is also employed in the 

evaluation of patients with a confirmed PCa diagnosis in various clinical contexts. 

It is particularly useful for optimizing tumor localization during staging and risk 

stratification, as it provides valuable information regarding the presence of 

extracapsular disease as well as neurovascular bundle or seminal vesicle invasion. 

Additionally, MRI plays a key role in the management of men enrolled in active 

surveillance (AS) programs, assisting both in the selection of appropriate candidates 

and in monitoring throughout the surveillance period. Furthermore, it may be used 

to detect local recurrence following radiation therapy. 

The exam is also valuable in patients with a previous negative biopsy that produced 

clinically inconclusive results but who present with persistently elevated PSA. (36) 

In conclusion, pre-biopsy MRI plays a pivotal role in the diagnostic pathway for 

PCa, both in biopsy-naive patients and in those with a prior negative biopsy. Its 

importance lies in its ability to identify suspicious lesions, opening to the possibility 

of guiding targeted biopsies. This capability marks the transition from standard 

systematic biopsy to a more precise and individualized diagnostic approach. 

 

1.3. PROSTATE BIOPSY 

The diagnosis of PCa is confirmed through a histopathological examination of a 

prostate biopsy. This remains the only definitive method for confirming or 

excluding the diagnosis, as serological and imaging standards alone do not provide 

sufficient diagnostic accuracy. 



13 
 
Over the years, significant advancements have been made in biopsy techniques to 

enhance diagnostic accuracy. Among these, the use of transrectal ultrasound 

(TRUS) enabled real-time visualization and a guide for systematic sampling of 

tissue. More recently, the introduction of pre-biopsy mpMRI opened for the 

adoption of targeted biopsy strategies, as it provides detailed information on the 

presence, the localization and the radiological grade of suspicious areas within the 

prostate gland. 

Unlike traditional systematic biopsies, which sample the prostate in a random, 

sector-based manner, targeted biopsies focus specifically on the PI-RADS lesions 

from MRI imaging. 

This shift has also allowed the development of software capable of fusing MRI and 

real time ultrasound images, enabling a precise localization and sampling during 

biopsy. 

 

1.3.1. IMAGING GUIDANCE 

Imaging techniques play a crucial role in guiding prostate biopsies. Originally, these 

procedures relied on manual guidance and blind sampling of palpable abnormalities 

of the gland. (37) Since then, significant advances have revolutionized this process, 

with TRUS now considered the standard approach for biopsy guidance. TRUS 

provides a real time visualisation of the prostate, essential for correctly directing 

the needle while also allowing an evaluation of the gland’s anatomy and volume. 

During the procedure, following the administration of local anaesthesia, the TRUS 

probe is introduced. The prostate is then examined for its anatomical features and 

its volume is calculated by measuring its three diameters using transverse and 

sagittal plane images. (38) Subsequently, the gland is evaluated for suspected areas 

or irregularities. Normally, the prostatic parenchyma has a uniform echotexture, 

whereas on conventional B-mode TRUS PCa often appears as hypoechoic lesions. 

In fact, hypoechoic regions and lesions that correlate with abnormal findings on 

digital rectal examination are more likely to be indicative of PCa. (39) 

However, this observation alone is not definitive and cannot reliably distinguish 

between malignant and benign conditions. Studies have shown that 30-40% of PCas 

are isoechoic and, when comparing detection rates of PCa from hypoechoic and 

isoechoic areas, no significant difference was found. (38,40,41) Additionally, TRUS 
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struggles to adequately visualize lesions located in the anterior and has difficulty 

differentiating proliferative nodules in the transition zone from malignant lesions. 

(38) 

This lack of reliability in detecting PCa reduces the utility of TRUS in the diagnostic 

setting and highlights the crucial role of mpMRI, which offers superior accuracy in 

identifying and characterising suspicious lesions. 

To compensate for the limitations of conventional ultrasound, enhanced US 

techniques are being investigated to improve PCa detection. Emerging sonographic 

modalities, such as micro-Doppler, sonoelastography, contrast-enhanced ultrasound 

(CEUS) and especially multiparametric ultrasound (mpUS, a combination of these 

approaches) are being studied and have shown promise in enhancing diagnostic 

accuracy. (42,43) 

 

 

Figure 2 - Axial transrectal ultrasound (a-c) and longitudinal images of the normal 

prostate (d). 

 

As previously discussed, the role of pre-biopsy MRI has become essential, not only 

for diagnosing PCa but also for guiding prostate biopsy, as it enables the 

visualization of target lesions by the urologist before the procedure. These targeted 

techniques include MRI-US fusion biopsy, which combines the high-resolution 

images of mpMRI with the real-time guidance of TRUS. In addition, methods 
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utilizing MRI in real time for biopsy guidance, such as in-bore prostate biopsy, have 

recently emerged. This technique facilitates precise needle placement within the 

target lesion and provides accurate documentation of the biopsy site. (12,38) 

 

1.3.2. ANATOMIC APPROACHES 

The two primary approaches that can be used when performing prostate biopsy are 

the transrectal and the transperineal techniques. The choice between the two varies 

significantly across countries, as there is inconsistency in guideline 

recommendations. 

In the transrectal approach the needle is inserted through the rectal mucosa into the 

prostate. Systematic transrectal biopsies, commonly performed in an office setting, 

have been the standard for decades worldwide. (38) 

However, transrectal biopsy is associated with a false negative rate of up to 50%, 

largely due to difficulty accessing regions like the apex, which is one of the most 

common localizations of PCa. (44) Moreover, this approach carries a higher risk of 

complications compared to the transperineal one, including rectal bleeding, fever, 

haematuria, acute urinary retention, local infections and notably urosepsis. (45–47) 

The infectious risk, that stems from the transrectal route’s exposure to rectal flora, 

is particularly concerning and has led to routine administration of prophylactic 

antibiotics. (38) 

 

 

Figure 3 - Transrectal prostate biopsy. 
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Due to these limitations, the transperineal approach was introduced in order to 

improve cancer detection and safety of prostate biopsy. In this method, the biopsy 

needle passes through the perineal skin into the prostate. Since the perineum is more 

sensitive to pain than the rectal mucosa, the procedure is generally performed under 

general or spinal anaesthesia, although recently approaches using only local 

anaesthesia have become increasingly common.  Despite this, patients tend to report 

greater pain and discomfort following transperineal biopsies. (38) 

This method offers better sampling coverage of the prostate, particularly of apical 

and anterior tumors, which are challenging to access via the transrectal route. (38) 

Furthermore, the perineal route, being clean-contaminated, has a lower incidence 

of infections. Eight different randomized trials compared complications of the two 

approaches and found a significantly higher rate of infectious complications with 

transrectal biopsy, while sepsis rates have been reported to be near zero. (5,47,48) 

However, transperineal biopsy has some limitations, including being more time 

consuming, requiring a longer learning curve and being associated with higher rates 

of urinary retention. (49,50) 

 

 

Figure 4 - Transperineal prostate biopsy. 

 

While both approaches are considered valid, they present differences when it comes 

to accessibility, diagnostic efficacy, safety profiles and procedural practicality. 

These distinctions are summarised in the following table. 
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Characteristic Transrectal Transperineal 

Accessibility Limited access to anterior 

zones 

Better access to anterior and 

apical areas 

Infection risk Higher (contamined) Lower (clean-contamined) 

Patient comfort Quick, less invasive Requires anesthesia, more 

resources 

Table I – Differences between transrectal and transperineal approaches. 

 

The debate over the preferred approach, however, remains unsolved, leading to 

varying recommendations from international associations. For instance, the EAU 

guidelines strongly recommend performing prostate biopsy using the transperineal 

approach, whenever feasible, due to its lower rates of infection and sepsis-related 

readmissions. (5,51) On the other hand, the AUA guidelines endorse either 

approach, arguing that no prospective randomized trials compare the infection risks 

of the two approaches. (29,51) 

Additionally, the current evidence on cancer detection rates for transrectal and 

transperineal prostate biopsies remains inconsistent, complicating efforts to draw 

definitive conclusions on the superiority of either approach. 

Some studies suggest a higher detection rate for csPCa with the transperineal 

approach, while others report comparable detection rates or non-statistically 

significant differences. (52) For instance, a meta-analysis found a cancer detection 

rate of 36.8% for transperineal biopsies compared to 30% for transrectal biopsies, 

though this difference was not statistically significant. (53) Another meta-analysis 

noted similar diagnostic accuracy between the two approaches, with the primary 

advantage of the transperineal biopsy being a significantly lower risk of fever and 

rectal bleeding. (45) 

These discrepancies often stem from heterogeneity in patients populations, 

technique used (e.g. systematic vs MRI-fusion) and the experience of the medical 

teams. Moreover, variations in study design, such as sample sizes, retrospective 

versus prospective approaches and inclusion criteria, contribute to these 

inconsistencies. (52) However, one meta-analysis specifically comparing MRI-

targeted biopsies performed with the transrectal and transperineal approaches 

reported a higher sensitivity for detecting csPCa with the transperineal route (86% 
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vs. 73%), particularly for anterior tumors. (54) This analysis stands out as it 

minimizes confounding factors by focusing exclusively on the access route. 

Nonetheless, further, large-scale prospective studies are still needed to establish a 

clearer consensus. 

 

1.3.3. BIOPSY STRATEGIES 

Systematic ultrasound guided prostate biopsy involves systematic sampling of the 

prostate, supplemented by additional sampling of suspicious areas, such as a 

hypoechoic lesion detected on ultrasound or irregularities found during digital 

rectal examination. (55) 

Various sampling schemes have been proposed to improve diagnostic accuracy. The 

first sector-based scheme to be introduced was the sextant biopsy technique, which 

is performed by obtaining 6 cores, one sample each from the apex, the base and the 

mid-prostate on both sides. (39) Over time, extended-core biopsies, which collect 

10-14 tissue samples with a more extensive lateral coverage, have demonstrated 

significantly higher detection rates compared to the original sextant approach. 

(7,56–58) 

A systematic review revealed that 12-core sampling detects 31% more cancers 

(95% CI:25-37) than the 6-core method. When comparing complications of the two 

techniques, the same study found that extended-core techniques are not associated 

with a higher risk of infection, abdominal or rectal pain or voiding difficulties, 

though bleeding and hematospermia may be more frequent. (59,60) 

Schemes involving a higher number of samples, such as 18-core biopsies, have 

shown cancer detection rates similar to the 12-core biopsy but are associated with 

an increased incidence of adverse events. (61) Therefore, 12-core biopsies seem to 

have the optimal balance between detection efficacy and risk of complications. (59) 

Reflecting this evidence, the EAU guidelines suggest obtaining a minimum of 12 

cores. (5) 
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Figure 5 - Schemes for systematic sampling of the prostate. 

 

While extended-core and 12-core biopsies are effective for initial sampling, certain 

situations, such as repeat biopsies after a prior negative result or active surveillance 

require more comprehensive techniques. In these cases, saturation biopsy, which 

involves taking over 20 core samples, is often employed to provide a more thorough 

evaluation of the prostate, particularly when MRI-targeted biopsy is not feasible. 

(62) 

While systematic biopsy remains the standard diagnostic method, the emergence of 

pre-biopsy mpMRI for the identification of suspicious lesions has revolutionised 

diagnostic approaches. This has led to the introduction of targeted biopsy methods, 

which focus sampling directly on MRI-identified areas of concern. By integrating 

MRI data with real time ultrasound guidance, targeted biopsy aims to enhance the 

precision and diagnostic accuracy of PCa detection, minimise unnecessary 

sampling and reduce the risk of missing clinically significant cancers. The 

technique is also referred to as “fusion biopsy”, reflecting the merging of MRI and 

US imaging. 

Typically, 3 to 5 cores are taken from each PIRADS lesion to ensure adequate 

sampling. (63,64) 

Two prospective randomized trials, PRECISION and PRECISE, found MRI-

targeted biopsy to be either superior or non-inferior, respectively, to systematic 

biopsy for the detection of csPCa in biopsy-naive men. The PRECISION trial also 
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noted a reduced diagnosis rate of clinically insignificant cancers with targeted 

biopsies compared to systematic ones (9% vs 22%). (31,65) Similarly, a large meta-

analysis demonstrated that, although the overall tumor detection rates were not 

significantly different, MRI-guided biopsy identified significantly more ISUP grade 

group ≥ 2 cancers, with a sensitivity of 91% and an increased the percentage of 

positive cores. (66) The same results have been corroborated by multiple other 

studies and systematic reviews. (67–73) Additionally, the FUTURE trial, which 

included a subgroup analysis of men undergoing both targeted and systematic 

sampling in a repeat biopsy setting, reported that MRI-guided biopsies detected 

significantly more clinically significant cancers than systematic biopsies (34% vs. 

16%; p < 0.001, detection ratio of 2.1). (74) Therefore, this evidence supports the 

superiority of MRI-targeted biopsy in both biopsy-naive and repeat settings. 

Targeted biopsy can be performed using three primary approaches: cognitive 

fusion, software-assisted fusion and in-bore MRI-guided methods. 

Cognitive targeting involves the urologist identifying suspicious lesions on MRI 

scans prior to the biopsy. During the procedure, the clinician uses real-time TRUS 

guidance and their mental correlation of MRI findings with the TRUS images to 

guide the needle to the target area. This method is the simplest, quickest and cost-

effective of the three as it does not require additional equipment if not MRI and 

TRUS. (12,38,75) However, extrapolating MRI findings onto real time TRUS 

images demands advanced operator expertise in MRI interpretation, TRUS 

operation and a detailed understanding of the prostate’s zonal anatomy to ensure 

accurate sampling. Consequently, the accuracy of this method is highly operator-

dependent and necessitates longer training compared to other techniques. (76,77) 

Furthermore, errors may arise from incorrect assessment of the lesion site, 

especially when clinicians rely solely on MRI reports rather than direct image 

review. Another limitation is the inability to record the exact biopsy site, which 

prevents confirmation that the targeted area was sampled and complicates follow-

up evaluations in the event of negative results (78) 

In order to provide a more standardized and precise integration of mpMRI with real 

time TRUS imaging, software-assisted fusion techniques have been developed. By 

automating the process of image alignment and target localization, these methods 

aim to enhance accuracy and reproducibility. (79) 
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In this technique, once the MRI scans are acquired, they are transferred onto a 

specialized software, where the radiologist contours both the prostate and the 

suspicious lesions. The software then creates a three-dimensional model of the 

prostate and the lesion. Before the biopsy, the TRUS system, connected to the 

biopsy device, acquires a two-dimensional image of the prostate, which is as well 

reconstructed into a three-dimensional volume. The operator manually outlines the 

prostate on the ultrasound image and the system uses this input to semi-

automatically generate the three-dimensional ultrasound volume for more precise 

alignment with the MRI data. However, the superimposed MRI and TRUS images 

can differ in geometry and orientation due to variations in patient positioning during 

acquisition and deformations caused by the rectal probe and the different distention 

of the bladder. (80) Depending on the correction method employed, software 

systems are categorized as either rigid or non-rigid (elastic). Rigid systems align 

images without accounting for deformation, while non-rigid systems compensate 

for variations like tissue deformation. Despite these differences, studies have found 

no significant difference between rigid and elastic systems in detecting csPCa. (81) 

During the procedure, the software guides the needle’s movement to guarantee an 

accurate sampling of the targeted lesion and corrects possible errors resulting from 

patient movement. After sampling, biopsy tracks can be digitally recorded, offering 

valuable information for future reference. This feature is particularly useful in 

scenarios such as planning focal therapy, where precise localization of previously 

targeted areas is critical for treatment efficacy. (38,82) There are several systems 

currently available on the market, all of which appear to offer comparable accuracy 

in detecting PCa. (83) 

 

 

Figure 6 - Steps in software MRI-fusion biopsy. 
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Figure 7 - Software fusion of TRUS and mpMRI images with outlined lesion (A). Three-

dimensional model of the prostate showing the location of all biopsy cores (B). 

 

One of the primary benefits of this technique is the standardization of the biopsy 

process. By relying on software for the fusion of mpMRI and US images, this 

method reduces the potential for human error and inter-operator variability, which 

can be present in cognitive fusion. As a result, operator experience becomes less of 

a limiting factor. (84) Although operator experience can influence diagnostic 

accuracy, studies have shown that an increase in the experience of the operator 

improved the PCa detection rate. (85–88) 

However, despite these advantages, software-assisted targeted biopsy is not without 

its drawbacks. Although this technique is simpler than cognitive fusion biopsies and 

has a lower learning curve, it requires a higher expense for the institution 

performing the procedure. Given the cost of these technologies and their limited 

availability, software-assisted targeted biopsy is not yet widely adopted across all 

urology departments. (84,89) Additionally, a limitation of this approach is that the 

same software applied across different populations and individuals may struggle to 

find a common model for the prostate. (84) 



23 
 
A third method, developed to fully take advantage of MRI’s superior image 

resolution, is in-bore biopsy. This technique is performed entirely within the MRI 

gantry, using real-time MRI guidance to visualize and target suspicious lesions at 

the same time and directly verify needle placement within them. (12,38) Studies 

report high detection rates for csPCa (81-93%) with this method, often with fewer 

cores needed than systematic biopsies. (90) However, this approach is highly 

demanding in terms of labour, time (requiring up to 2-3 hours of scanning) and 

financial resources, beside the fact that it reduces scanner availability for routine 

diagnostics. Consequently, its use is limited to a small number of specialized 

centers. (38,91) 

Each targeted method has unique procedural advantages and limitations. Cognitive 

fusion is simpler to perform and more cost-effective, requiring only basic imaging 

tools and the expertise of the operator. On the other hand, software-assisted fusion 

standardizes the fusion process by automating the alignment of mpMRI and 

ultrasound images, reducing operator dependency but at the cost of higher expenses 

and more complex logistics. The in-bore technique, while offering unparalleled 

precision by performing the biopsy entirely within the MRI scanner, is time-

consuming, costly, and limited to highly specialized centers. 

When it comes to diagnostic efficacy, however, current evidence has yet to 

demonstrate clear superiority of one method over the others. Given that cognitive 

and software-assisted fusion techniques are the most commonly employed than in-

bore biopsy, most studies focus on comparing these two approaches. 

The only three randomized controlled trials comparing these three techniques found 

no statistically significant differences in cancer detection rates. The largest, the 

FUTURE trial, compared all three methods and reported overall PCa detection rates 

of 44% for cognitive fusion, 49% for software-assisted fusion, and 55% for in-bore 

biopsy (p = 0.4). The rates for csPCa were similarly comparable, at 33%, 34%, and 

33%, respectively (p > 0.9). (74,92,93) 

These findings align with all meta-analyses reviewed, which consistently indicate 

no significant difference in detection rates between cognitive and software-assisted 

techniques. (76,89,94,95) For instance, a 2023 meta-analysis by Pirola et al., which 

analysed eight studies comparing the detection rates of clinically significant and 

insignificant PCa between software-assisted and cognitive techniques, confirmed 
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no significant difference (OR 1.01; 95% CI:0.74–1.37; p = 0.95). However, one 

study included in the analysis showed a statistically significant advantage of the 

software-assisted method, though this particular study utilized a robot-assisted 

technique for software-assisted fusion biopsy. (96) 

Nonetheless, some other studies reported a trend toward improved rates of csPCa 

with software-based biopsy compared to cognitive, although not with statistical 

significance. (67,97) 

An even larger and more recent meta-analysis (Falagario et al., 2024) compared 

cognitive, software-assisted and in-bore biopsy, including twenty studies that 

directly compared at least two of these techniques to minimize inclusion bias. The 

study reaffirmed the absence of significant differences in diagnostic accuracy 

among the methods. (94) Falagario et al. also evaluated complications rates to 

determine if they might influence the choice of one technique over the others. With 

the exception of the FUTURE trial, which found a lower complication rate for in-

bore biopsies, no significant differences were found overall.  

However, limitations exist in these meta-analyses, largely due to the heterogeneity 

across studies, reflecting the lack of strict guidelines for performing targeted 

prostate biopsy in patients with MRI lesions. Differences include the definition of 

csPCa, indications for biopsy (naive, repeat or SA), biopsy approach (Pirola et al. 

focused on transperineal biopsy, while Falagario included both transrectal and 

transperineal) and the specific software platforms used. (94) 

Therefore, to date, the choice between software-assisted and cognitive fusion 

techniques is primarily influenced by practical considerations such as resource 

availability, operator expertise and institutional preferences, rather than by 

variations in diagnostic performance. (98) Despite software-assisted methods often 

being marketed as superior, the available data does not allow to draw definitive 

conclusions and only shows a slight advantage over cognitive fusion. Further 

research is still needed to reach a consensus on the optimal approach. 

 

1.4. PATHOLOGY 

Each core obtained during biopsy sampling is carefully labelled, with details 

including the number of cores, their length and the specific site from which they 
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were taken. Subsequently, the samples are processed and analysed by a pathologist, 

who will assess if cancer is present. 

When the term PCa is used without specification, it typically refers to the common 

or acinar variant of prostatic adenocarcinoma, which is by far the most common 

type of malignant tumor affecting the prostate. Histologically, the majority of 

adenocarcinomas are composed of glands arranged in well-defined and easily 

identifiable patterns, which serve as the basis for tumor grading. (99) Grade is one 

of the main prognostic factors in PCa and is the most used system worldwide to 

assess it is the Gleason system. This score stratifies PCa into five grades based on 

glandular growth patterns, ranging from Grade 1 (well-differentiated glands) to 

Grade 5 (tumors with no gland formation). The two most prevalent patterns are 

identified and their grades are summed to calculate the final Gleason Score (GS), 

which spans from a minimum of 2 to a maximum of 10. (100) The Gleason Score 

on biopsy material has shown a strong correlation with histological grading from 

subsequent radical prostatectomy specimens, confirming his critical role as a 

prognostic factor. (101) 

However, the system has shown some limitations as a risk stratification tool, as its 

25 possible scores were often grouped based on the assumption of similar 

prognostic outcomes, with inconsistent criteria across studies. (101,102) For 

example, Gleason scores 6 and 7 were frequently combined in literature, despite 

evidence of significant prognostic differences, not only between these two scores 

but also within Grade 7, where 3+4 is associated with better outcomes than 4+3. 

(103,104) Similarly, scores 8 to 10 were grouped together, despite scores 9 and 10 

indicating markedly poorer prognosis. (105) Moreover, Gleason scores 2 to 4 are 

rarely encountered in practice, further limiting the system’s utility. 

Therefore, in 2014, the Gleason system was reorganised by the International 

Society of Urological Pathology (ISUP) into five Grade Groups, which combine 

Gleason scores to provide a better correlation with prognosis. (101,102,106) The 

groups are formed as follows: 
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ISUP Grade Group Gleason Score Gleason pattern 
1 ≤ 6 ≤ 3+3 
2 7 3+4 
3 7 4+3 
4 8 4+4, 3+5, 5+3 
5 9-10 4+5, 5+4, 5+5 

Table II – ISUP Grade Group system and Gleason score corresponding values. 

 

This Grade Group system has been widely adopted in clinical practice as it 

recalibrates the grading scale and matches more precisely PCa behaviour. By 

offering a standardized risk stratification, it aids clinicians in tailoring treatment 

strategies and discussing prognosis with patients. 
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2. AIM OF THE THESIS 

The present study aims to compare detection rates for PCa and csPCa of cognitive 

and software-assisted techniques for US-MRI fusion prostate biopsy. By analysing 

data collected from patients undergoing transperineal target prostate biopsy at the 

Urological Unit of the University Hospital of Padova, this thesis seeks to determine 

which approach offers superior diagnostic accuracy. 

The secondary aim is to examine the clinical and radiological predictors of PCa and 

csPCa in these patients for targeted biopsy, systematic biopsy, and their 

combination. 
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3. MATHERIALS AND METHODS 

 

3.1. STUDY DESIGN 

This monocentric, retrospective cohort study compared diagnostic outcomes 

between cognitive and software assisted US-MRI fusion-guided biopsy techniques. 

The research was conducted at the Urological Unit of the University Hospital of 

Padova, involving patients who underwent prostate biopsies between January 2023 

and June 2024. 

 

3.2. STUDY POPULATION 

Eligible participants were selected according to the following inclusion criteria: 

• Male patients aged over 18 years referred to prostate biopsy at the 

Urological Clinic; 

• Presence of MRI lesions with a PI-RADS score ≥ 3; 

• Biopsy performed using the US-MRI fusion technique. 

Patients who underwent only systematic biopsy were excluded. 

A total of over 600 patients were reviewed. Approximately 200 were excluded for 

undergoing only systematic biopsy, while in 20 cases, insufficient data or ambiguity 

about the biopsy technique led to their exclusion. Ultimately, 445 patients were 

included in the study. 

 

3.3. TECHNIQUES AND PROCEDURES 

All patients underwent multiparametric prostate MRI prior to the biopsy, either at 

our institution or another center. 

Biopsies were performed by different operators working at our Urological Unit 

using a transperineal approach with either a 12-core or 14-core technique. All cases 

involved both systematic and targeted biopsies, which were classified as cognitive 

or software-assisted MRI-guided biopsies. For the software-based biopsies, the 

Canon Aplio A ultrasound system was used for image fusion. 
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The histological analysis of biopsy samples was conducted by the pathologists of 

the Anatomical Pathology Unit at the University Hospital of Padova, with results 

expressed using the International Society of Urological Pathology (ISUP) Grade 

Group classification. 

 

3.4. DATA COLLECTION 

Data were retrospectively collected from medical reports and managed using the 

REDCap software platform. The following data were gathered and analysed: 

• Patient characteristics: demographic and anthropometric data; 

• Clinical context: whether the patient was biopsy-naive, had prior negative 

biopsy or was in an Active Surveillance program; 

• Medical history: family history, pharmacological treatments (e.g., 5-ARIs) 

• Laboratory data: initial PSA, f/t PSA ratio; 

• Rectal findings: abnormal findings detected during rectal examination and 

their site; 

• Radiological data: prostate volume, number of lesions, PI-RADS scores, 

size and localization; 

• Biopsy information: biopsy type (cognitive or software-assisted), number 

of cores, patient pain during the procedure, post-biopsy complications; 

• Histological outcomes: results from systematic and targeted biopsies. 

 

3.5. OUTCOME DEFINITION 

The outcomes selected to evaluate the diagnostic performance of cognitive and 

software-assisted targeted biopsy were the presence of PCa and csPCa. PCa was 

defined as the presence of any tumoral tissue classified within an ISUP Grade 

Group, while csPCa was specifically defined as cancer with an ISUP Grade Group 

≥ 2 (Gleason score ≥ 7). Therefore, clinically insignificant prostate cancer (ciPCa) 

was defined as cancer with an ISUP Grade Group = 1 (Gleason score ≤ 6). 

The detection rates of PCa, csPCa, and ciPCa were defined as the proportion of 

biopsy results meeting each respective definition relative to the total number of 

patients who underwent targeted biopsy. 
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3.6. STATISTICAL ANALYSIS 

A descriptive analysis was performed to characterise the studied population. 

Categorical variables were described with percentage (%), while continuous 

variables have been expressed as median and interquartile range (IQR). Student’s 

t-test was used to compare continuous variables, while the χ2 test was used for 

categorical variables. 

Two different logistic regression models were developed, one with the presence of 

PCa as an outcome, the other with the presence of csPCa as an outcome. Both 

models were applied to the following scenarios: targeted biopsies, systematic 

biopsies and a combination of targeted and systematic biopsies. 

Statistical analyses were conducted using IBM SPSS version 29. A p-value < 0.05 

was considered statistically significant. 

 

3.7. ETHICAL CONSIDERATIONS 

The study design has been approved by the Ethics Committee of the University 

Hospital of Padova 59337/AO/24. Due to the retrospective nature of the study, 

obtaining informed consent from participants was not required. 
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4. RESULTS 

 

4.1. POPULATION CHARACTERISTICS 

A total of 445 men were included in the analysis during the study, with 261 (58.6%) 

undergoing cognitive targeted biopsy and 184 (41.3%) software-assisted biopsy.  

Clinical and demographic characteristics of the study population and of the two 

groups are shown in Table IIIII. The median age of the overall population was 68 

years (IQR 62-73). The two groups were comparable in terms of age (69 vs 68 

years; p = 0.7), PSA (5.6 vs 6.3 ng/ml; p = 0.2), prostatic volume (50 vs 49 ml; p = 

0.3), PSA density (0.11 vs 0.14 ng/ml/cc3; p = 0.3) and clinical stage (6.9% vs 6%; 

p = 0.7), with no statistically significant differences observed in any of these 

parameters. 

In both groups, most patients were naive to prostate biopsy (~70-74%) and about a 

third of them had a positive rectal examination. 

Regarding MRI lesions, the distribution of PI-RADS score was similar between the 

two cohorts (p = 0.2), with the majority of lesions classified as PI-RADS 4 (~50-

58%). There was no significant difference in the number of lesions (p = 0.4) 

between the cognitive and software groups, with most men in both cohorts 

presenting only one lesion (~75-81%). Similarly, no differences were observed in 

lesion dimensions (p = 0.2) or in lesion position (anterior vs posterior, apex vs 

intermediate vs base, anterior vs peripheral vs transition; p = 0.4-0.5); the majority 

of lesions were located in the posterior peripheral zone both in the cognitive and 

the software group. 

When it comes to the bioptic procedure, there was a statistically significant 

difference in the median number of systematic biopsies in the two groups (p < 0.01), 

with the software group having a slightly higher number of cores sampled. There 

was a significant difference in the number of targeted cores (p = 0.04), although the 

median number of cores is the same (3). There was no difference, however, in the 

total number of samples (systematic + target) between the two groups (p = 0.07). 
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Whole cohort 
(n=445) 

Cognitive 

(n=261) 
Software 

(n=184) 
p 

Age 68 (62-73) 69(63-74) 68 (62-73) 0.7 
Indication 
Biopsy naive 
Patients on AS 
Previous Negative 

biopsy 

 
322 (72.4) 
56 (12.6) 
65 (14.6) 

 
194 (74.3) 
30 (11.4) 
37 (14.2) 

 
128 (69.6) 
26 (14.1) 
28 (15.2) 

0.6 

Therapy with 5-ARIs 25 (5.6) 12 (4.6) 13 (7.1) 0.3 
PSA at initial biopsy 

(ng/ml) 
5.92 (4.4-8.8) 5.6 (4.3-8) 6.3 (4.4-9.5) 0.2 

Prostate volume (cc) 50 (38-70) 50 (39-72) 49 (38-66.5) 0.3 

PSAD (ng/ml/cc3) 0.11 0.11 (0.07-

16) 
0.14 (0.08-

0.2) 
0.3 

Positive rectal 

examination  
147 (33.1) 88 (33.6) 59 (32) 0.7 

Clinical stage ≥ T3 at 

mpMRI 29 (6.5) 18 (6.9) 11 (6) 0.7 

Maximum diameter 

of the lesion (mm) 
10 (7-14) 10 (7.5-14) 10 (7-13.5) 0.8 

PI-RADS score index 

lesion 
3 
4 
5 

 
 
113 (25.4) 
245 (55.1) 
87 (19.6) 

 
 
58 (22.2) 
152 (58.2) 
51 (19.5) 

 
 
55 (29.9) 
93 (50.5) 
36 (19.6) 

0.2 

Number of lesions 
1 lesion 
2 lesions 
≥ 3 lesions  

 
345 (77.5) 
86 (19.3) 
14 (3.1) 

 
196 (75.1) 
55 (21.1) 
10 (3.8) 

 
149 (81) 
31 (16.8) 
4 (2.2) 

0.5 

MRI index lesion 

Position: 
Apex 
Intermediate 
Base 

 
 
141 (31.7) 
201 (45.2) 
78 (17.5) 

 
 
88 (33.7) 
117 (44.8) 
50 (19.2) 

 
 
53 (28.8) 
84 (45.7) 
28 (15.2) 

0.4 

MRI index lesion 

Position: 
Anterior Zone 
Posterior Zone 

 
 
146 (32.8) 
299 (67.2) 

 
 
84 (32.2) 
177 (67.8) 

 
 
62 (33.7) 
122 (66.3) 

0.5 

MRI index lesion 

Position: 
Anterior 
Peripheral 
Transition 

 
 
158 (35.5) 
264 (59.3) 
23 (5.2) 

 
 
87 (33.3) 
160 (61.3) 
14 (5.4) 

 
 
71 (38.6) 
104 (56.5) 
9 (4.9) 

0.5 
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Number of 

systematic cores 
14 (14-14) 14 (12-14) 14 (14-14) <0.01 

Median number of 

targets cores 
3 (3-3) 3 (3-3) 3 (3-3) 0.04 

Number of 

systematic + target 

cores 
17 (17-17) 17 (16-17) 17 (17-20) 0.07 

Table III – Patients characteristics for the entire cohort and separately for the cognitive 

and software groups. Categorical variables are expressed as absolute numbers (%), while 

continuous variables are presented as medians (IQR). 

 

4.2. BIOPSY RESULTS 

Overall, 40.4% of systematic biopsies (n = 180) did not detect cancer, while 22.7% 

(n = 101) identified clinically insignificant PCa and 36.9% (n = 164) detected csPCa 

(Table IV). 

This distribution was comparable between the two groups (p = 0.2). However, 

although the difference was not statistically significant, the csPCa detection rate 

was higher in the software group (39.7% vs 31.6%). 

Regarding targeted biopsies, 49.4% (n = 162) were negative, 18.7% (n = 83) 

detected clinically insignificant PCa and 31.9% (n = 142) detected csPCa. The 

proportion of negative cores was higher in the cognitive group (53.2% vs 47.3%), 

although the difference was not statistically significant (p = 0.3). The detection rates 

for ciPCa were nearly identical in the two groups (18.7% for cognitive vs 18.6% 

for software). Similarly to systematic biopsies, the csPCa cancer detection rate is 

higher in the software group (34.1% vs 27.7%), though this difference was not 

statistically significant. 

The combination of the two techniques detected csPCa in 38.6% of cases in the 

software group and in 44.4% in the cognitive group, without significant differences 

between the two (p = 0.4). 

Results were not always concordant between systematic and targeted biopsies. In 

5.6% of patients from the total cohort, targeted cores were negative while the 

systematic cores were positive for csPCa. This scenario was slightly more frequent 

in the cognitive group (7.7% vs 4.5%), although the difference was not statistically 

significant (p = 0.2). 
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Conversely, the opposite scenario, where targeted biopsies were positive for csPCa 

while systematic ones were negative, was observed in a smaller proportion of cases 

(1.6% of the total cohort), with similarly low percentages in both groups (2.6% for 

cognitive vs 1.0% for software). 

A similar trend was observed for PCa, with the first scenario being more frequent 

than the second. 

 

 Whole 

cohort 
Cognitive Software 

p 

Systematic and perilesional 
Negative 
ciPCa 
csPCa 

 
180 (40.4) 
101 (22.7) 
164 (36.9) 

 
70 (45.2) 
36 (23.2) 
49 (31.6) 

 
110 (37.9) 
65 (22.4) 
115 (39.7) 

0.2 

Target  
Negative 
ciPCa 
csPCa 

 
220 (49.4) 
83 (18.7) 
142 (31.9) 

 
83 (53.2) 
29 (18.7) 
43 (27.7) 

 
137 (47.2) 
54 (18.6) 
99 (34.1) 

0.3 

Target and Systematic 
Negative 
ciPCa 
csPCa 

 
162 (36.4) 
96 (21.6) 
187 (42) 

 
90 (34.5) 
55 (21.1) 
116 (44.4) 

 
72 (39.1) 
41 (22.3) 
71 (38.6) 

0.4 

Tbx negative - Systematic 

csPca 
25 (5.6) 12 (7.7) 13 (4.5) 0.2 

Tbx csPca – Negative 

Systematic 
7 (1.6) 4 (2.6) 3 (1.0) 0.2 

Tbx negative - Systematic Pca 64 (14.1) 23 (14.8) 41 (14.1) 0.8 
Tbx Pca - Negative Systematic 16 (3.6) 9 (5.8) 7 (2.4) 0.07 

Table IV – Biopsy results of systematic and targeted (TBx) cores. 

 

4.3. PREDICTORS OF PCa AND csPCa 

The multivariable analysis identified several predictors of PCa and csPCa in both 

targeted and systematic biopsies. 

For csPCa in targeted biopsies, the statistically significant predictors included age 

(OR 1.06, p = .001), PSA (OR 1.11, p < .001), prostate volume (OR 1.11, p < .001), 

anterior vs posterior localisation (OR 10.51, p = .006), PI-RADS score (5 vs 3: OR 

12.80, p < .001) and maximum diameter of the lesion (OR 1.09, p = .008). 
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An OR of 1.69 furtherly indicates no statistically significant difference in csPCa 

detection between cognitive and software-assisted techniques in MRI-guided 

prostate biopsy (95% CI: 0.93-3.06, p = .084). However, a trend towards better 

csPCa detection with the software-assisted technique was observed. 

Similar results were found for PCa in targeted biopsies. Additionally, biopsy-naive 

patients had a significantly lower likelihood of PCa detection (OR 0.46, p = .005). 

 

MULTIVARIABLE OR 95% CI p 

Software-based biopsy vs Cognitive biopsy 1.48 0.89 – 2.47 .131 

Age 1.07 1.04 – 1.11 < .001 

PSA 1.05 1.00 – 1.11 .055 

Prostate volume 0.98 0.97 – 0.99 < .001 

Anterior vs Posterior 8.29 2.29 – 30.10 .001 

Peripheral vs Transition-Anterior 0.27 0.09 – 0.84 .023 

Positive rectal examination 1.50 0.89 – 2.54 .128 

PI-RADS 
  

< .001 

3 vs 4 2.15 1.22 – 3.79 .008 

3 vs 5 9.88 3.58 – 27.28 < .001 

Maximum diameter of the lesion 1.05 0.99 – 1.11 .131 

Biopsy naive 0.46 0.27 – 0.79 .005 

n of target cores 1.11 0.96 – 1.29 .154 

Table V - Multivariable analysis assessing PCa for target lesions. 

 

MULTIVARIABLE OR 95% CI p 
Software-based biopsy vs Cognitive biopsy 1.69 0.93 – 3.06 .084 
Age 1.06 1.02 – 1.10 .001 
PSA 1.11 1.05 – 1.17 < .001 
Prostate volume 0.97 0.96 – 0.99 < .001 
Anterior vs Posterior 10.51 1.95 – 56.63 .006 
Peripheral vs Transition-Anterior 0.27 0.06 – 1.25 .093 
Positive rectal examination 1.34 0.76 – 2.36 .317 
PI-RADS 

  
< .001 

3 vs 4 4.93 2.12 – 11.46 < .001 
3 vs 5 12.80 4.39 – 37.36 < .001 



36 
 
Maximum diameter of the lesion 1.09 1.02 – 1.17 .008 
Number of target cores 1.17 0.99 – 1.38 .059 

Table VI – Multivariable analysis assessing csPCa for target lesions. 

 

In systematic and perilesional biopsies, the software-assisted technique 

demonstrated a statistically significant higher detection rate for both PCa (OR 1.87, 

p = .020) and csPCa (OR 1.91, p = .025). 

Significant predictors for both PCa and csPCa included age, prostate volume, 

maximum lesion diameter and lesion localisations, not only anterior vs posterior 

but also peripheral vs transition-anterior. PI-RADS score was a significant predictor 

for csPCa only (3 vs 4: OR 2.75, p = .004; 3 vs 5: OR 4.62, p = .002). 

 

MULTIVARIABLE OR 95% CI p 

Software-based biopsy vs Cognitive biopsy 1.87 1.11 – 3.16 .020 

Age 1.14 1.09 – 1.18 < .001 

PSA 1.03 0.97 – 1.08 .337 

Prostate volume 0.97 0.96 – 0.98 < .001 

Anterior vs Posterior 7.27 2.03 – 25.98 .002 

Peripheral vs Transition-Anterior 0.26 0.09 – 0.79 .017 

Positive rectal examination 1.80 1.04 – 3.10 .035 

PI-RADS 
  

.178 

3 vs 4 1.58 0.89 – 2.80 .115 

3 vs 5 2.20 0.83 – 5.82 .112 

Maximum diameter of the lesion 1.08 1.01 – 1.15 .021 

Biopsy naive 0.59 0.34 – 1.03 .065 

Number of systematic cores 1.07 0.94 – 1.22 .282 

Table VII - Multivariable analysis assessing PCa for systematic and perilesional biopsies. 

 

MULTIVARIABLE OR 95% CI p 

Software-based biopsy vs Cognitive biopsy 1.91 1.09 – 3.37 .025 

Age 1.09 1.05 – 1.13 < .001 

PSA 1.07 1.02 – 1.13 .008 
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Prostate volume 0.97 0.96 – 0.98 < .001 

Anterior vs Posterior 11.46 2.48 – 53.06 .002 

Peripheral vs Transition-Anterior 0.25 0.06 – 0.99 .048 

Positive rectal examination 1.62 0.95 – 2.75 .074 

PI-RADS 
  

.003 

3 vs 4 2.75 1.38 – 5.49 .004 

3 vs 5 4.62 1.78 – 12.03 .002 

Maximum diameter of the lesion 1.08 1.02 – 1.15 .011 

Biopsy naive 0.32 0.17 – 0.60 < .001 

Number of systematic cores 1.14 0.98 – 1.32 .095 

Table VIII - Multivariable analysis assessing csPCa for systematic and perilesional 

biopsies. 

 

In the multivariable analysis of the combination of systematic and targeted biopsies, 

the software-based technique showed a tendency toward superior detection for both 

PCa (OR 1.59, p = .091) and csPCa (OR 1.51, p = .151), although neither result 

reached statistical significance. 

Significant cancer predictors included age, prostate volume, lesion localisation, PI-

RADS score and the lesion size, all of which were statistically significant for both 

PCa and csPCa. 

 

MULTIVARIABLE OR 95% CI p 

Software-based biopsy vs Cognitive biopsy 1.59 0.93 – 2.74 .091 

Age 1.14 1.09 – 1.18 < .001 

PSA 1.05 1.00 – 1.11 .064 

Prostate volume 0.97 0.96 – 0.98 < .001 

Anterior vs Posterior 8.84 2.42 – 32.36 < .001 

Peripheral vs Transition-Anterior 0.22 0.07 – 0.67 .008 

Positive rectal examination 1.72 0.97 – 3.05 .064 

PI-RADS 
  

.008 

3 vs 4 1.89 1.07 – 3.35 .029 

3 vs 5 5.35 1.72 – 16.63 .004 

Maximum diameter of the lesion 1.07 1.00 – 1.15 .043 
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Biopsy naive 0.65 0.37 – 1.16 .145 

Total number of cores 1.05 0.95 – 1.15 .369 

Table IX - Multivariable analysis assessing PCa for combination of systematic and 

perilesional plus targeted biopsies. 

 

MULTIVARIABLE OR 95% CI p 

Software-based biopsy vs Cognitive biopsy 1.51 0.86 – 2.66 .151 

Age 1.11 1.07 – 1.15 < .001 

PSA 1.09 1.04 – 1.15 < .001 

Prostate volume 0.97 0.96 – 0.98 < .001 

Anterior vs Posterior 15.94 3.41 – 74.51 < .001 

Peripheral vs Transition-Anterior 0.19 0.05 – 0.77 .020 

Positive rectal examination 1.56 0.89 – 2.71 .118 

PI-RADS 
  

< .001 

3 vs 4 3.32 1.69 – 6.54 < .001 

3 vs 5 8.56 3.09 – 23.69 < .001 

Maximum diameter of the lesion 1.07 1.00 – 1.14 .037 

Biopsy naive 0.21 0.11 – 0.40 < .001 

Total number of cores 1.14 1.03 – 1.28 .016 

Table X - Multivariable analysis assessing csPCa for combination of systematic and 

perilesional plus targeted biopsies. 

 

In conclusion, while the software-based technique showed a trend toward a higher 

detection rate of PCa and csPCa, this difference was statistically significant for 

systematic biopsies. Among cancer predictors, some demonstrated stronger 

associations than others. For instance, anterior localisation consistently correlated 

with a significantly increased likelihood of detecting both PCa and csPCa in all 

analyses. Similarly, PI-RADS score emerged as a robust predictor in nearly every 

multivariable model. 
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5. DISCUSSION 

This study demonstrated comparable detection rates for PCa and csPCa between 

cognitive and software-assisted fusion techniques. However, trends favoring the 

software-based approach were observed in some analyses. Additionally, several 

factors were identified as significant predictors with varying strength of PCa and 

csPCa. 

 

5.1. PCa AND csPCa DETECTION RATE 

Although not statistically significant, the software-assisted approach demonstrated 

higher detection rates in csPCa in both systematic (31.6% vs 39.7%, p = 0.2) and 

target biopsies (27.7% vs 34.1%, p = 0.3). These findings align with existing 

literature, where various studies and systematic reviews either report no significant 

differences in detection rates between targeted biopsy techniques or suggest a trend 

favoring a greater accuracy of software fusion over cognitive approaches. 

(76,95,97)  

While both of the most recent meta-analyses (Pirola et al. and Falagario et al.) 

reported no statistically significant differences, Pirola et al. focused exclusively on 

transperineal biopsies, mirroring the methodology used in this study. (89,94) This 

specific focus avoids the variability introduced by transrectal biopsies, which were 

included in Falagario’s broader analysis. This alignment strengthens the 

comparability of the results found in the present study with those of Pirola, further 

reinforcing the absence of significant differences between the two techniques in the 

context of transperineal biopsies. 

Although consistent with previous studies, the lack of significant differences 

between the cognitive and software-assisted techniques could be influenced by 

several factors. Operator experience is one such factor frequently highlighted in the 

literature. (77,89) In this study both biopsy methods were performed by operators 

of varying expertise, from more seasoned clinicians to residents in training. 

Software platforms may reduce inter-operator variability due to their less steep 

learning curve, potentially impacting the cognitive group more significantly, where 

clinician skill is critical for both biopsy execution and MRI interpretation. Future 
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studies stratifying outcomes by operator experience would provide valuable insight 

on this topic. 

Moreover, the fact that MRI was performed in different centers without a 

standardisation of protocols, may have introduced inconsistencies in imaging 

interpretation and classification of PI-RADS lesions, potentially affecting the 

study’s outcomes. 

The consistency of this study’s findings with previous studies suggests that both 

cognitive and software-assisted techniques can be effectively utilized in clinical 

practice. Given the lack of significant differences between the two, both approaches 

may be considered reliable options for MRI-targeted prostate biopsies. 

However, the slight trend favoring software-assisted methods suggests that, where 

available, these technologies may help standardize procedures, particularly in 

settings where operator variability may affect outcomes. 

Furthermore, the multivariable analysis revealed a statistically significant 

advantage for software-assisted techniques when considering systematic cores 

alone. This finding may indicate that the use of a software platform could enhance 

not only lesion targeting, but also the systematic sampling of the prostate. One 

possible explanation is that the systematic biopsies performed in these patients 

included cores sampled from areas adjacent to MRI-visible lesions. These 

perilesional regions are particularly likely to yield positive results due to the 

tendency of MRI to underestimate tumor volume. (107) Although perilesional 

sampling enhances detection rates by focusing on areas at high risk for csPCa, its 

application is not standardised, therefore different centres may incorporate 

perilesional sampling into systematic biopsy protocols in various way. (108,109) 

This variability highlights the need for further research to establish clear guidelines 

and evaluate the true impact of perilesional sampling on biopsy outcomes. 

Rather than focusing solely on identifying superiority between the two techniques, 

future efforts could also prioritize understanding the contexts in which each method 

may be more appropriate. Factors such as operator experience, resource availability, 

and patient-specific characteristics might play a decisive role in determining the 

optimal approach for different clinical scenarios. 

Another key finding of this study is the importance of performing systematic 

biopsies alongside targeted ones, even when suspicious lesions are identified on 

MRI. The combination of systematic and targeted biopsies detected a higher rate of 
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csPCa compared to either approach alone (systematic + target: 42%, systematic: 

36.9%, target: 31.9%). 

This indicates that a targeted-only approach would have missed 5.6% of csPCa 

diagnoses. The trend was observed consistently across both cognitive and software-

assisted techniques, although the missed diagnosis rate was higher for cognitive 

biopsy (7.7% vs. 4.5%, p = 0.2).  

These findings contribute to the ongoing debate about whether targeted biopsy 

alone is sufficient for detecting csPCa when suspicious lesions are present on MRI. 

(110,111) While some studies suggest that fusion biopsy alone is non-inferior to 

combining it with systematic biopsy (112), others have reported that targeted 

samples alone miss up to 10% of csPCa detected on systematic biopsy. (113) This 

discrepancy is attributed to discordance in tumor locations, as systematic and 

targeted biopsies often sample different areas of the prostate. (114) 

The discussion also raises concerns about the potential overdiagnosis and 

overtreatment of clinically insignificant PCa, which could expose patients to 

unnecessary interventions without improving outcomes. According to the present’s 

study data, while the combined approach detected a slightly higher rate of ciPCa 

compared to targeted biopsy alone (21.6% vs. 18.7%), it did not surpass systematic 

biopsy alone (22.7%). 

Nonetheless, when focusing on csPCa, the combination of systematic and targeted 

biopsies demonstrated superior detection rates compared to either approach alone, 

underscoring the complementary nature of these methods. Therefore, currently, the 

available evidence does not sufficiently support the safety of using targeted biopsy 

techniques alone, leading guidelines to recommend the execution of both systematic 

and targeted biopsies. 

 

5.2. PREDICTORS OF PCa AND csPCa 

In this study, a multivariable analysis was performed to identify predictors of PCa 

and csPCa in different biopsy contexts. Several robust predictors of csPCa were 

identified across different biopsy techniques, including anterior localisation, PI-

RADS score, age, prostate volume, and lesion diameter. 
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For instance, anterior localisation consistently emerged as a strong predictor of both 

PCa and csPCa in all analyses, as it was significantly associated with an increased 

likelihood of detecting both types of cancer. This finding aligns with the clinical 

observation that anterior lesions, which account for approximately 21% of all PCa, 

are often under-sampled in standard biopsy techniques. This is due to the difficulty 

of TRUS imaging in visualizing this part of the prostate, highlighting the 

importance of targeted strategies in these cases. (115) 

Moreover, the use of a transperineal approach in this study may have offered an 

advantage, as transrectal approaches are often limited in reaching the most anterior 

part of the gland. (86) 

Similar, though weaker, results were observed for the transition-anterior zone. In 

fact, the transitional zone is particularly prone to being missed in systematic biopsy 

as well, further supporting the need for targeted biopsy strategies in these areas. 

(115) 

 PI-RADS scores of 4 or 5 were also strongly correlated with csPCa especially when 

considering targeted biopsy alone or combined with the systematic one. The strong 

predictive value of PI-RADS in detecting for both PCa and csPCa detection 

reinforces the critical role of mpMRI in guiding targeted biopsies and underlines 

the importance of targeted biopsy itself. These findings emphasize the need for 

personalized approaches that consider both lesion localisation and imaging 

characteristics. While the predictive value of PI-RADS has been extensively studied 

in the context of targeted biopsies, further exploration of other potential predictive 

factors could help refine risk stratification models and optimize biopsy planning 

strategies. (5,29) 

Other factors, such as biopsy indication, emerged as weaker cancer predictors. The 

reduced likelihood of PCa detection in biopsy-naive patients highlights the need for 

accurate patient stratification based on clinical and imaging characteristics. For 

these patients, combining parameters such as PSA levels, age and PI-RADS score 

from MRI can help guide the decision on whether a targeted biopsy is necessary. A 

careful risk assessment is especially important in biopsy-naive men in order to 

avoid overdiagnosis and overtreatment of low-risk PCas, as unnecessary biopsies 

could lead to the detection of indolent tumors that would not have impacted the 

patient’s health. 
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5.3. STUDY LIMITATIONS  

The lack of statistically significant differences between techniques may reflect 

some limitations in the study design, such as the sample size and the retrospective, 

monocentric nature of the study. Furthermore, although there were no specific 

criteria for patient allocation to cognitive or software-assisted biopsy, the absence 

of randomization in the assignment to groups may have introduced an unknown 

bias. Larger, prospective, randomized studies are needed to clarify the observed 

trends and validate these findings in broader patient populations. 

Additionally, the heterogeneity in biopsy practices across different centers (e.g. 

transrectal vs transperineal approaches, varying software platforms) limits the 

generalizability of our results to other settings. 

Finally, as previously mentioned, the operators who performed the biopsies had 

varying levels of experience with the techniques. Moreover, the lack of control over 

radiologists that reported MRI results may have introduced bias due to inter-

operator variability. 
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6. CONCLUSIONS 

This study compared cognitive and software-assisted targeted biopsies for detecting 

PCa and csPCa. The results showed no significant differences between the two 

techniques, suggesting similar diagnostic accuracy. However, trends favoring the 

software-assisted technique highlight the potential for more consistent results, 

especially in less experienced hands. Where available, the use of software-assisted 

technique may be advantageous although the current evidence does not justify their 

adoption in all settings at the expense of higher costs. Future studies should aim to 

further clarify the specific clinical contexts where software-assisted biopsies can 

provide the greatest benefit. 

The combination of systematic and targeted biopsies demonstrated superior 

detection rates for csPCa compared to either method alone, emphasizing the 

importance of using both approaches. While the combination strategy also resulted 

in a higher detection rate of clinically insignificant PCa, it did not surpass 

systematic biopsy in this regard. 

The analysis of predictive factors revealed that clinical and imaging characteristics, 

such as anterior localisation and PI-RADS score, were the most consistent and 

robust predictors of csPCa. These findings emphasize the need for individualized 

patient stratification based on both clinical and imaging parameters when deciding 

on the most appropriate biopsy approach, particularly in biopsy-naive patients. 
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