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Abstract
Risk calculators have offered a viable tool for clinicians to stratify patients at risk 
of prostate cancer (PCa) and to mitigate the low sensitivity and specificity of 
screening prostate specific antigen (PSA). While initially based on clinical and 
demographic data, incorporation of multiparametric magnetic resonance imaging 
(MRI) and the validated prostate imaging reporting and data system suspicion 
scoring system has standardized and improved risk stratification beyond the use 
of PSA and patient parameters alone. Biopsy-naïve patients with lower risk 
profiles for harboring clinically significant PCa are often subjected to 
uncomfortable, invasive, and potentially unnecessary prostate biopsy procedures. 
Incorporating risk calculator data into prostate MRI reports can broaden the role 
of radiologists, improve communication with clinicians primarily managing these 
patients, and help guide clinical care in directing the screening, detection, and risk 
stratification of PCa.
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Core Tip: Incorporating risk calculator data into prostate magnetic resonance imaging reports can broaden 
the role of radiologists, improve communication with clinicians primarily managing these patients, and 
help guide clinical care in directing the screening, detection, and risk stratification of prostate cancer.
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INTRODUCTION
Prostate cancer (PCa) is the most common solid organ malignancy in American men and the second 
cause of cancer-related death in the United States[1]. Due to increased awareness, nearly 20 million men 
in the United States engage in screening and early detection discussions (National Comprehensive 
Cancer Network). Prostate specific antigen (PSA) made large-scale screening for PCa feasible, but lacked 
accuracy, with 15%-25% false negatives and 60% false positives[2,3]. Since PSA has proven to be an 
unreliable biomarker for clinically significant prostate cancer [csPCa; Grade Group (GG) ≥ 2], a large 
percentage of patients continue to undergo prostate biopsies with either benign or clinically indolent 
PCa (GG 1). Prostate biopsies are an invasive diagnostic procedure with well-established risks, such as 
hematuria, hematospermia, rectal bleeding, urinary tract infections, and recognized risk of sepsis[4-7]. 
Furthermore, potentially unnecessary biopsies and over treatment of low-risk prostate cancer has placed 
an undue psychological burden on patients[8].

The role of multiparametric magnetic resonance imaging (mpMRI) in prostate cancer diagnosis, 
surveillance, and treatment has significantly evolved and is growing in popularity as a tool to 
potentially avoid unnecessary biopsies in biopsy-naive patients. Controversy remains due to significant 
variability across patient cohorts and institutions. Risk calculators combining mpMRI with clinical 
variables can limit this variation and have been shown to improve predictive models[9,10]. An individu-
alized screening algorithm using a patient’s clinical history can result in a considerable reduction in 
unnecessary biopsy sessions. A validated clinical risk calculator that could be incorporated into MRI 
reporting and aid in the decision to pursue prostate biopsies in biopsy-naive patients is needed[11]. 
However, such a risk calculator must be carefully validated to ensure its reliable performance and 
applicability to a broad population of patients undergoing prostate cancer screening when including 
MRI in the screening algorithm.

OVERVIEW OF RISK CALCULATORS
Historical perspective
One of the first algorithms to predict the risk of prostate cancer on prostate biopsy was the European 
Randomized Study for Screening of Prostate Cancer (ERSPC) risk calculator. The ERSPC has six 
calculators, two of which are used by patients and the remaining four used by physicians. The RC3/RC4 
combined calculator uses PSA levels, digital rectal exam (DRE) exam, previous prostate biopsy history, 
prostate volume, and now incorporates MRI prostate imaging reporting and data system (PI-RADS) v 
1.0 score to predict the detectable risk of prostate cancer on biopsy. The calculator stratifies the risk of 
detecting cancer to assist clinicians with the decision to pursue biopsy (https://www.prostatecancer-
riskcalculator.com/). Several external validation studies have been performed for these RCs. The 
discriminative ability of detecting positive prostate biopsy (PBx) in biopsy-naive or previously biopsied 
patients using the ERSPC RC3 or RC4 was assessed, showing area under the curve (AUC) values in the 
range of 0.71-0.88[12-16].

Thompson et al[17] developed one of the first online individualized predictive assessments of prostate 
cancer before prostate biopsy extrapolated from the 5519 patients in the Prostate Cancer Prevention 
Trial (PCPT). It was found that PSA, family history, DRE findings, African American race, and history of 
a prior negative prostate biopsy provided independent predictive value to the calculation of risk of a 
biopsy that showed presence of cancer. The first calculator became known as the Prostate Cancer 
Prevention Trial Risk Calculator (PCPTRC) and has been used widely online at https://riskcalc. 
org/PCPTRC/. In 2012, an updated PCPTRC 2.0 was released with the added capability to provide 
prediction of indolent low-grade (Gleason grade < 7) vs high-grade (GG ≥ 2) PCa. Both versions of the 
online PCPT risk calculator were externally validated in 2014.

https://www.wjgnet.com/1949-8470/full/v14/i8/249.htm
https://dx.doi.org/10.4329/wjr.v14.i8.249
https://www.prostatecancer-riskcalculator.com/
https://www.prostatecancer-riskcalculator.com/
https://riskcalc.org/PCPTRC/
https://riskcalc.org/PCPTRC/
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Independent validation and comparisons between the ERSPC and PCPTRC calculators demonstrated 
comparable calibration in their agreement between predicted and observed risks of prostate cancer. 
However, the AUC for predicting clinically significant sPCa was higher for the ERSPC risk calculator 
compared with the PCPTRC (0.73 vs 0.70; P = 0.043)[18]. The PCPTRC has been replaced by a more 
contemporary risk calculator developed by the Prostate Biopsy Collaborative Group (PBCG) that 
incorporates age, PSA level, DRE results, family history, race, and a history of negative biopsy along 
with more contemporary biopsy schemes[19]. The study demonstrates a greater inclusion of patients 
with diverse backgrounds and PBCG model outperformed the PCPTRC in predicting csPCa on both 
internal (AUC, 75.5% vs 72.3%; P < 0.0001) and external validation (AUC, 72.9% vs 69.7%; P < 0.0001). 
Furthermore, the PBCG model was found to be well calibrated and offered a higher net clinical benefit 
than the PCPT risk calculator: it led to 2.7% fewer biopsies without missing any csPCa.

Advent of imaging
Prior to 2017, mpMRI of the prostate was not commonly used in the PCa workup worldwide due to the 
high cost and limited availability of prostate MRI. In 2019, Alberts et al[20] published a study on the use 
of risk calculators and biopsy results to avoid unnecessary prostate MRI. Alberts et al[20] suggested that 
mpMRI of the prostate provided an opportunity to enhance the non-invasive portion of the PCa workup 
and introduced a nomogram integrating PI-RADS data into the ERSPC risk calculator. Alberts et al[20] 
demonstrated a superior nomogram compared to the ERSPC standard, achieving an AUC of 0.84, which 
was significantly increased compared to ERSPC calculators that did not incorporate imaging data.

As mpMRI of the prostate became more widely available and the Urology community became more 
aware of the potential impact of PI-RADS score on risk calculator development, prostate MRI data was 
more widely incorporated into PCa risk nomograms. PI-RADS data, scored on a zero to five Likert scale, 
is easily incorporated into nomograms due to its objective, defined numerical values. In 2019, Alberts et 
al[20] refined the ERSPC-RC-3/4 risk calculators, developing MRI-ERSPC-RC-3/4 by adding mpMRI 
examination results. The addition of MRI to the ERSPC calculators increased the discriminative ability 
for high-grade PCa [AUC of 0.84 (95%CI 0.81-0.88) and 0.85 (95%CI 0.81-0.89) for the MRI-ERSPC-RC3 
and MRI-ERSPC-RC4, respectively][20]. Beyond the established clinical based calculators like the 
ERSPC and the PBCG, novel risk calculators were developed across the globe, with several large 
multicenter trials occurring in North America, the United Kingdom, and Australia, such as the Stanford 
Prostate Cancer Calculator (SPCC)[21], the PLUM cohort[22], the PCRC-MRI[23], MRI study by Chau et 
al[24], and the study done by van Leeuwen et al[25] PI-RADS integrated clinical calculators consistently 
demonstrated superior performance to calculators using clinical data alone[23-27]. Of note, due to the 
wide variety in study location, practice type, and timing of data collection, some of these risk calculators 
use data from PI-RADS v1.0 and PI-RADS 2.0. The SPCC notes that its calculator is validated for both 
PI-RADS v1.0 and v2.0[21].

For biopsy-naive patients, the superior performance of imaging integrated risk calculators represents 
a possibility to avoid invasive biopsy for low risk PCa. Trials specific to the biopsy-naive population 
have demonstrated promising results with high sensitivity and specificity and high net benefit. Radtke 
et al[27] and Chau et al[24] attained high AUC values, both in excess of 0.8, and both were trained on 
patient populations from the United Kingdom. The van Leeuwen et al’s risk calculator has an AUC of 
0.90 and demonstrates one of the most substantial net benefits, avoiding 28.6% of biopsies at 10% risk 
tolerance, missing only 2.6% of PCa[25]. Additional external validation studies have demonstrated high 
AUC for the van Leeuwen and ERSPC based models, however both studies conclude that the use of 
MRI integrated risk calculators to avoid biopsy remains controversial[28,29].

DISCUSSION
Risk calculators and nomograms provide a valuable tool in risk stratification of patients with abnormal 
screening PSA levels potentially allowing selection of cases to avoid biopsy in patients at low risk for 
harboring csPCa. Incorporation of risk calculator data into radiology reports could represent an 
opportunity for radiologists to add value to the patient evaluation and mitigate ambiguity of borderline 
results, especially PI-RADS 3 Lesions found on prostate indication MRI studies (Figures 1 and 2). In 
collaboration with the referring clinician, the radiologist could incorporate patient clinic and 
demographic information, along with the lesion PI-RADS score, calculate the percent risk of csPCa, and 
include this information in the final diagnostic imaging report.

Three PI-RADS integrated calculators, the SPCC[21], the PLUM Prostate cancer risk calculator, and 
the MRI-ERSPC-R-3/4 published open access online calculators, allowing a more streamlined 
integration into workflow. For biopsy-naive patients, the PLUM calculator demonstrated the highest 
sensitivity and specificity with an AUC value of 0.87 and a net benefit of avoiding 18.1% of biopsies 
without missing any csPCa in biopsy-naive patients at a 15% tolerance. The MRI-ERSPC-R-3/4 
calculator reported an AUC of 0.84 in its initial study from Alberts et al’s net benefit for biopsy-naive 
patients was not reported in the Alberts et al’s study[20], but in Petersmann et al[29], which compared 
the MRI-ERSPC-R-3/4 calculator to the calculator described in van Leeuwen et al[25], the MRI/ERSPC-
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Figure 1 Axial magnetic resonance imaging images of the prostate. A: T2 weighted image; B: b1200 diffusion weighted imaging (DWI) image; C: 
Calculated apparent dispersion coefficient (ADC) image. A mostly encapsulated T2-hypointense transitional zone lesion is demonstrated in the left posterior central 
gland, measuring 10 mm (blue arrows) with focal moderate low ADC, high DWI signal, designated prostate imaging reporting and data system (PI-RADS) 3 per PI-
RADS version 2.1. An additional 8 mm PI-RADS 4 Lesion of the anterior right transitional zone is present (red arrow), demonstrating non-circumscribed moderate T2 
hypointensity and marked focal ADC hypointensity and DWI hyperintensity.

Figure 2 Sample structured report for prostate lesion reporting with integrated risk calculator reporting. The calculated percent risk of clinically 
significant prostate cancer is included in the lesion evaluation findings with recommendations for biopsy or observation in the conclusion. csPCa: Clinically significant 
prostate cancer; DRE: Digital rectal exam; DWI: Diffusion weighted imaging; PI-RADS: Prostate imaging reporting and data system; PSA: Prostate specific antigen.

R-3/4 nomogram avoids only 9% of biopsies in biopsy-naive patients while missing 3% at a 15% risk 
threshold. The SPCC trial did not report a specific AUC or net benefit for biopsy-naive patients but 
reported AUC values ranging from 0.78-0.83 and a net benefit of avoiding 10.3% of biopsies while 
missing csPCa in 0.8% of patients with a risk tolerance of 20%[21].

Additional notable nomograms have demonstrated promising results for biopsy-naive patients that 
outperform some of the larger and more established risk calculators. The van Leeuwen et al[25] 
nomogram demonstrated the highest AUC of all evaluated risk calculators and reported one of the 
highest net benefits, avoiding 28.6% of biopsies while missing only 2.6% of csPCa, but was developed 
on a smaller and more homogenous patient population (393 patients from Australia) than many of the 
other noted calculators. However in the external validation study by Petersmann et al[29], the van 
Leeuwen nomogram was demonstrated to maintain high performance, and even outperformed the 
ERSPC in net benefit. Petersmann et al[29] compared ERSPC and van Leeuwen risk calculator. This 
study showed comparable AUC values between the two studies, 0.81 for ERSPC and 0.82 for van 
Leeuwen, however the van Leeuwen calculator demonstrated a greater net benefit from a risk threshold 
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of 10%-15%, avoiding 24% of biopsies while missing 6% of csPCa, compared to 14% and 5% for the MRI-
ERSP-RC-3/4, respectively. Notably the ERSPC calculator had a near perfect calibration, with a 
calibration slope of 0.94 compared to the van Leeuwen model, 0.70. The Petersmann et al’s study 
population came from a hospital system in Nuremberg, Germany and likely reflected a similar 
demographic to the ERSPC training population, whereas the van Leeuwen study was performed in 
Australia[29]. The gaps in calibration between these two studies may indicate future pitfalls in general-
izability, and clinicians need to be aware of the training data and population demographics when 
applying these calculators to their own patient population.

Novel imaging technologies such as prostate cancer directed PET imaging may further aid in refining 
these risk calculators, allowing for additional improvements in pre-biopsy patient risk stratification. 
Radiomics, a subset of clinical artificial intelligence (AI), is a promising tool on the horizon of prostate 
imaging and prostate cancer classification. Prostate MRI has represented a prolific area of AI research in 
the past decade, with algorithms demonstrating improved prostate cancer detection, classification, and 
upstream applications, such as deep learning reconstruction and its role in instituting abbreviated 
protocols. In a systematic review, Ferro et al[30] discuss 21 manuscripts related to radiomics and the 
detection of csPCa. These publications have demonstrated the capability of radiomics to extract salient 
features and develop models that predict csPCa that significantly outperform clinical models[31] and 
combined clinical and imaging models[32]. While these results are encouraging, the algorithms to date 
are often trained at a single institution and are limited by a lack of external validation and heterogeneity 
of the extracted radiomics features. Although further refinement and broader, multi-institution testing is 
needed, early successes of radiomics models suggest a promising future for AI in the evaluation, 
diagnosis, risk stratification, and treatment decision making in the management of csPCa.

CONCLUSION
Risk calculators have enabled physicians and patients to make a more informed decision when 
considering pursuit of a prostate biopsy. When evaluating biopsy-naïve patients, multiple risk 
calculators can be applied, each with their own strengths. The role of imaging using MRI in the 
diagnosis of csPCa has significantly evolved and is growing in popularity. The PI-RADS system has 
become a component of many currently available pre-biopsy prostate cancer risk calculators. Artificial 
intelligence shows promise in further advancing the role of imaging in csPCa risk assessment. Further 
incorporation of imaging in clinical risk calculators shows promise in aiding the decision to pursue 
prostate biopsies with improved confidence and patient-centric goals.
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