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Abstract: Purpose

To combine multiparametric MRI (mpMRI) findings and clinical parameters to provide
nomograms for diagnosing different scenarios of aggressiveness of prostate cancer
(PCa).

Methods

A cohort of 346 patients with suspicion of PCa because of abnormal finding in digital
rectal examination (DRE) and/or high prostate specific antigen (PSA) level received
mpMRI prior to prostate biopsy (PBx). A conventional 12-core transrectal PBx with 2
extra cores from suspicious areas in mpMRI was performed by cognitive fusion.

Multivariate logistic regression analysis was performed combining age, PSA density
(PSAD), DRE, number of previous PBx, and mpMRI findings to predict 3 different
scenarios: PCa, significant PCa (ISUP-group >2), or aggressive PCa (ISUP-group >3).
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We validate models by ROC curves, calibration plots, probability density functions
(PDF), and clinical utility curves (CUC). Cut-off probabilities were estimated for helping
decision-making in clinical practice.

Results

Our cohort showed 39.6% incidence of PCa, 32.6% of significant PCa, and 23.4% of
aggressive PCa. The AUC of predictive models were 0.856,0.883, and 0.911,
respectively. The PDF and CUC showed 11% missed diagnoses of significant PCa (35
cases of 326 significant PCa expected in 1000 proposed Bx) when choosing <18% as

the cutoff of probability for not performing PBx; the percentage of saved PBx was 47%
(474 avoided PBx in 1000 proposed).

Conclusion

We developed clinical and mpMRI-based nomograms with a high discrimination ability
for 3 different scenarios of PCa aggressiveness
(https://urostatisticalsolutions.shinyapps.io/MRIfusionPCPrediction/ ). Specific clinical
cutoff points allow us to save a high number of PBx with a minimum of missed
diagnoses.

Response to Reviewers: Dear Editor and Reviewers:
Thank you again for the comments and suggestions concerning our manuscript.
All comments were carefully reviewed and we made revisions that hope will earn your
approval. The revised sections are highlighted in yellow color in the manuscript.

Responses to the reviewer’ comments:

Reviewer #2: The manuscript is well written and the normograms are easily to adopt
into clinical daily routine and can help urologists in the decision, if a PI-RADS 3 lesion
has to be biopsied. I only have some little annotations:

Introduction:
There are more limitations of the mpMRI than cost and time. This sentence should be
adjusted.
We totally agree with this comment, MRI inter-reader reproducibility is moderate at
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Introduction 

Prostate cancer (PCa) is the most common solid tumor diagnosed among men in developed 

countries [1,2]. Its diagnosis is based on prostate biopsy (PBx), which is indicated when there 

is a high suspicion of PCa based on either an increased level of prostate specific antigen (PSA) 

or abnormal finding in digital rectal examination (DRE). In this context, PBx can identify the 

tumor in 30%-40% of cases.  

To optimize the efficacy of PBx, we use adjustments such as PSA density (PSAD); percentage 

of free-PSA; age; or novel serum or urine biomarkers such as PCA3, Prostate Health Index, 

4Kscore Test, or SelectMDx. However, presently, imaging in PCa has changed with the 

increasing relevance of magnetic resonance imaging (MRI) [3], its combination with 

biomarkers [4], and the guidelines recommend its use [5,6,7,8]. A standardized protocol of 

multiparametric MRI (mpMRI) of PCa, known as the Prostate Imaging–Reporting and Data 

System (PI-RADS v2.2015) [9,10], has been recently updated. This protocol attemps to 

homogenize interpretation criteria and reduce interobserver variability [11]. The remaining 

limitations of mpMRI are cost, and its time-consuming nature and the necessary highly 

specialization of radiologists to increase inter-reader reproducibility.  

One of the main objectives of PI-RADS is identify not all PCas, but those PCas that are clinically 

significant, which means high volume and/or high-grade PCa. In addition, the characterization 

of aggressiveness of PCa has been recently updated by the International Society of 

Uropathologist (ISUP), wherein some Gleason patterns have been redefined and the Gleason 

score has been reclassified into 5 groups by focusing on separating non-PCa and low-

aggressive PCa. We remark three aspects: the redefinition of Gleason pattern 3 and 4 and its 

consequence in updating of Gleason score 6 which was renamed as ISUP group 1; following, a 

better discrimination between Gleason 7 (3+4), renamed as ISUP group 2, and Gleason 7 

(4+3), renamed ISUP group 3; and finally, the gap between Gleason score 8, new ISUP group 4, 

and the Gleason score 9-10, new ISUP group 5 [12]. 

In this changing era of new imaging ability of mpMRI and an updated Gleason grade with less 

oncological and prognostic relevance of Gleason score 6 than before, we conducted a 

prospective study to define the best clinical implementation of mpMRI before PBx in actual 

clinical practice. We focused on building a nomogram and choosing cutoff points for clinical 

implementation. 

Materials and methods 

An ambispective data collection for our analysis was performed in 389 patients with 

suspected PCa on the basis of PSA level above 4 ng/mL or abnormal finding in DRE, between 

January 2015 and September 2016. The study was conducted in the Urology Unit of the Vall 

d'Hebron Institute of Oncology in Barcelona, Spain. All patients underwent a 3T mpMRI 

(MAGNETOM TrioTM, Siemens) prior to PBx according to the center’s protocol, and no one 

had been submitted to a previous mpMRI-guided PBx. A local ethics committee approved this 
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biomedical research project (VH-294/2017). 

Pre-planned mpMRI was not performed in 43 patients because of contraindications or 

claustrophobia, and these patients were excluded from the study, thus giving a total cohort of 

346 patients. A radiologist with more than 300 prostate mpMRI previous experience (S.R.) 

reported mpMRI outcomes according to the PI-RADS v2 classification [9]. This was performed 

prospectively after November 2015, and retrospectively before this date by reclassifying MRI 

findings from PI-RADS v1 into PI-RADS v2. 

An experienced urologist (A.C.) with more than 6,000 PBx practised during last 12 years, 

reviewed the reported mpMRI. Later, she performed a conventional 12-core systematic 

transrectal ultrasound-guided PBx, with 2 extra cores by cognitive fusion from each suspicious 

area, up to a maximum of 3 suspicious areas. Prostate cores were analysed by an 

uropathologist with more than 20 years’ experience in this area (I. de T.). The PCa 

aggressiveness was reported according to the updated International Society of Urological 

Pathology (ISUP) and World Health Organization (WHO) classification consensus [13]. 

Descriptive statistics of the total cohort were provided and stratified by pathological findings: 

all PCa versus Non PCa, ISUP>2 versus Non PCa-ISUP 1, and ISUP>3 versus Non PCa-ISUP 1-2. 

Chi- squared test, t- test and Mann-Whitney test were used as appropriate to establish 

statistically significant differences between the groups. 

A multivariate analysis was performed to diagnose the 3 pathological scenarios proposed 

named as: all PCa, significant PCa (ISUP>2), or aggressive significant PCa (ISUP>3). Logistic 

regression model combined the candidate variables: age, number of previous biopsies, PSA, 

free-PSA, PSAD, prostate volume (PV), DRE, and PI-RADS v2. Continuous variables were 

modeled as linear or nonlinear predictors by using restricted cubic splines. 

Predictive models were assessed by calibration, discrimination, and clinical utility analysis for 

future implementation in actual clinical practice. The calibration curve, area under the 

Receiver Operating Characteristic curve (AUC), probability density functions (PDF), and clinical 

utility curve (CUC) were performed for this purpose, in the same way as that done in previous 

analyses developed by our group in other PCa scenarios [14,15,16]. In addition, our internal 

validation was subjected to a bias-correction AUC using 1000 bootstrap samples. 

For clinical use, we investigated the best threshold probability for each model. We 

considered the delayed diagnosis and PBx saved through CUC. In addition, a nomogram and 

an App were provided as user-friendly tools to apply models in routine clinical practice. 

Statistical analyses were computed using R programming language v.3.3.1 (The R statistical 

foundation, Vienna, Austria). Tests were two- sided and p-values< 0.05 were considered as 

statistically significant. 

Results 

A total of 39.6% of patients were found to have any grade of PCa, 32.6% had ISUP>2, and 23.4% 

had ISUP>3.  



 
 

 4 

Table 1 summarizes the characteristics of the patients. The median age of our study patients 

was 67.7 years (P25-75: 63.0-73.7), with a subcohort of PCa (n=137, P50: 70.5, P25-75: 65.0-

76.1) or ISUP3 (n=81, P50: 73.1, P25-75: 68.0-77.9) being significantly older (p < 0.001 in both 

cases). Total PSA showed a median value of 6.1 ng/mL (P25-75: 4.7-10.2), which was 

significantly higher in adverse pathological subcohorts. Measurements of free-PSA were not 

available in 105 patients, because they had total PSA below 4 ng/mL or over 10 ng/mL; there 

were no differences between the groups. The PV measured at the time of mpMRI showed a 

median value of 50.3 mL (P25-75: 38-78.2), which was significantly smaller in adverse 

pathological findings. Its related variable PSAD had a median value of 0.13 ng/mL/cc (P25-75: 

0.08-0.20) and showed significant differences between groups of subanalysis. 

Half of the patients underwent a repeat PBx due to prior negative PBx and remained suspicious 

of harbouring cancer during follow-up; this proportion significantly increased when no adverse 

pathological findings were obtained. One third of the patients had an abnormal DRE before PBx, 

and this proportion increased when a PCa or an aggressive PCa was detected. A significantly 

higher proportion of PI-RADS 4-5 was found in adverse pathological subcohorts.  

We found statistically significant differences between all PCa/non-PCa, ISUP>2/non-PCa-ISUP 1, 

and ISUP>3/non-PCa-ISUP 1-2 groups in all predictor variables except free-PSA for all groups 

and DRE for the last comparison. 

In addition, 3 multivariate models and nomograms were built to predict any pathological 

event in each group: all PCa, ISUP>2, and ISUP>3, Figure 1. Odds ratios and p-values of 

variables are shown in Table 2. From the candidate variables, PSAD showed a nonlinear 

dependence modeled through restricted cubic splines, and age showed a linear dependence 

in the first and second model, but with a significant nonlinear relationship in the third model. 

Number of biopsies (first/repeat), DRE, and PI-RADS are also categorical risk factors. 

Multivariate models showed a good calibration (Figure 2) because of a high concordance 

between actual and predicted probabilities. Moreover, the 3 models showed a high 

discrimination ability with AUC values of 0.856, 0.876, and 0.911, respectively. An internal 

validation was performed using 1000 bootstrap samples, yielding AUC bias-corrected values 

of 0.845, 0.866, and 0.901. These results were confirmed by PDF (Figure 3). Figure 3a shows 

the all PCa/non-PCa predictive model; there is a moderate overlapping in probabilities for 

both groups, but by choosing a threshold point near 40%, we can separate both of them. 

Figure 3b and 3c show the PDF for ISUP’s adverse predictive models. In both cases, the 

probabilities provided by the models for non-PCa/ISUP 1 or non-PCa/ISUP 1-2, respectively, 

are distributed in a narrow range below 20%. However, the probabilities for complementary 

adverse subcohorts ISUP>2 or ISUP>3 appear in a wide range; therefore, we can separate 

patients with adverse pathology with a threshold point around 20%. 

Finally, in Figure 4, we show the CUC. Here, we present the percentage of delayed diagnoses 

due to the non-perfect discrimination ability of the model and the saved biopsies at any 

threshold of probabilities. 
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From a conservative perspective, we can choose the threshold probability points that provide a 

delayed diagnosis below 10% at every prediction. We should then choose 20%, 18%, and 16% 

at threshold probabilities to make a clinical decision, with a percentage of saved biopsies of 

34%, 46%, and 60%, for all PCa, ISUP>2, or ISUP>3 predictions, respectively.  

A more detailed subanalysis of the nomogram applicable in the more challenging clinical 

scenario that is prediction of ISUP2 (Figure 1b) is presented at Figure 5. At this point we 

evaluate the applicability and benefits of using this nomogram in the subcohort of first PBx or 

at repeated PBx. The same criteria of a delayed diagnosis of ISUP2 below 10% counsels us a 

threshold of 24% in the subcohort of first PBx and 9% in repeated PBx. Not performing PBx at 

patients with a probability of ISUP 2 under those cutoff drives us to miss less than 10% of real 

ISUP 2 in both scenarios, but avoiding 43% and 37% of initially proposed PBx respectively (Table 

1, suppl material). A more conservative approach with a threshold of 18% for first PBx lets us to 

avoid a 37% of proposed first PBx with less than a 5% ISUP 2. (Figure 1, suppl material) 

The clinical benefits of our nomograms can be evaluated on a user-friendly interactive App: 

https://urostatisticalsolutions.shinyapps.io/MRIfusionPCPrediction/  

 

Discussion 

Contemporary diagnosis of PCa has changed dramatically in terms of criteria, resources, and 

objectives, leading us to an updated definition of our clinical practice. The year 2015 was a 

key year because of update in ISUP and PI-RADS v2.2015. Efforts should be made to develop 

updated new tools that implement these changes and help clinicians in decision-making in 

this challenging situation. Some characteristics of the design of our study make it especially 

relevant in this context.  

We use a recent population sample from 2015 to 2016. We ensure an updated interpretation 

of mpMRI and pathology by our central radiologist and pathologist. Further, we evaluate a 

real and reproducible common practice of systematic transrectal ultrasound (TRUS) PBx by 

the 12-core conventional approach and fusion cognitive addition. 

Finally, we define 3 different goals in prediction: from a more conservative scenario, all PCa vs 

non-PCa, to a less conservative one, ISUP>3 (primary Gleason pattern > 4) vs non-PCa/ISUP 1-

2, and the intermediate and more realistic scenario ISUP>2 (Gleason score > 7) vs non-

PCa/ISUP 1. 
 

A key point of our analysis is that we do not exclude first or repeat PBx, but we include them 

as a predictive variable, thus enabling our predictive models to be completely implemented 

in actual clinical practice. Moreover, we used a well-balanced sample in the distribution of 

variables that allows us to include and precisely weigh them in our multivariate models, in 

the case of significant association. 

Some previous efforts in developing MRI-based nomograms or multivariable models for PCa 

prediction have been published [17,18,19,20,21]. Four of them were trained with a cohort of 

https://urostatisticalsolutions.shinyapps.io/MRIfusionPCPrediction/
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patients before [17,18] or mainly before [19,21] the 2015-ISUP update interpretation [12]. 

They also used a Likert scale for MRI interpretation [22,23] or PI-RADS v1 [24] but not the 

updated PI-RADS v2 [9]. Regarding PBx procedures, three different protocols were performed: 

a minimum 12-core systematic and MRI-ultrasound software fusion-targeted TRUS-PBx [17] 

specifically targeted to only one suspicious lesion [20], a minimum 30-core transperineal 

approach using MRI/TRUS fusion or cognitive PBx [18], or a median systematic 24-core 

adjusted to PV PBx by the transperineal approach and MRI-software fusion for MRI-suspicious 

lesions [19].These specific approaches are reproducible but not used conventionally in clinical 

practice in PBx, and they should be taken into account if we consider using those nomograms. 

The most recent published study used three different approaches for target PBx: in bore, 

software fusion, cognitive fusion and even no target PBx in 17% of cases [21]. Two studies 

[17,19] used 2 different nomogram models, with one for first PBx and the other for repeated 

PBx, and patients with a low suspicion of PCa (using MRI) were excluded [17,19,20]; DRE was 

not evaluated as a predictive variable [17]. Some nomograms included patients with mpMRI 

conducted with a 1.5-T magnet and 3-T magnet indistinctly [18]. One study used mpMRI and 

biparametric MRI [21]. All that previous heterogeneities have been avoided in our project. Our 

study was designed to present an updated radiological and pathological tool.  

Three final variables were selected for building nomograms in a study by Bjurlin et al [17]: 

age, PSAD, and MRI findings. PSAD was included in a linear manner, but we know that its gray 

zone ranges between 0.10 and 0.25 ng/mL/cc. The changes over 0.25 ng/mL/cc should 

increase the risk of adverse pathological findings. However, changes over this threshold 

confirm the risk, but should not increase it as they should do below the threshold of 0.25 

ng/mL/cc. This nonlinear influence is clearly understood in our models. Van Leeuwen et al did 

not select PSAD but used variables PSA and PV, and in a non-linear manner [18], as 

Mehralivand did with PV and PSAD [20]; in addition, Radtke et al included the logarithm of 

PSA but not PV [19]. The rest of the associated variables included in the other models, such as 

age, DRE, first/repeated PBx, and MRI findings match our selected predictive variables. 

Previous PBx as a predictive variable is included in van Leeuwen’s, Mehralivand’s, Alberts’ and 

our models, and it confers greater applicability than designing separate models as reported in 

Bjurlin and Radtke’s studies. In Mehralivand’s study, we find 3 serious caveats against its 

implementation; (1) the lack of a user-friendly tool as a nomogram for obtaining 

individualized probabilities, (2) the fact that they regularly include PBx practiced according to 

PI-RADS 3-5 findings (and exceptionally that they include PBx in PI-RADS 1-2 but not by 

protocol). We know that PI-RADS 1-2 have a very low probability of harboring PCa or 

significant PCa, but these cannot benefit from individual prediction with this model, and (3) 

this study avoids practicing targeted PBx from more than one area suggested as suspicious by 

MRI [20]. 

Our calibration curves showed an excellent correlation between predicted probabilities of 

adverse pathology and actual findings in all 3 estimation scenarios. Our internal validation 
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showed AUC for an overall PCa prediction of 0.856 over 0.82-0.76 for first or repeated PBx in 

Bjurlin’s nomograms [17], and 0.839-0.791 in Alberts’ models [21]. For ISUP2 the AUC was 

0.876 versus 0.91-0.86 in Bjurlin’s models [17], 0.876 in training van Leeuwen cohort [18], 

0.83-0.81 for first or previous PBx in Radtke training cohort [19], 0.84 in training Mehralivand 

cohort [20], and 0.843-0.850 in Alberts’ study [21]. To the best of our knowledge, there are no 

previous comparative nomograms published to compare with our AUC of 0.911 for predicting 

ISUP3 as an aggressive significant PCa. 

Finally, we analyzed the clinical utility of nomograms by PDF and CUC [14,15,16]. With these 

tools we chose a cutoff of 18% probability of significant PCa (ISUP>2 vs Non-PCa/ISUP 1); 

therefore, by not performing PBx for patients with a probability of ISUP>2 under 18%, we 

could avoid 47% of PBx procedures (474 PBx avoided over 1000 indicated) but missed 11% of 

significant PCa (327 significant PCas would be expected in 1000 PBx indicated; 11% of these 

significant PCas would be missed, 35 cases in 1000 PBx) (Figure 1a, suppl material). We 

explored the management of nomogram focused on ISUP2 prediction (Figure 1b) and two 

different scenario, first or repeated PBx, with different prevalence of disease, 41% and 25% 

respectively (Table 1).  A threshold of 24% in the subcohort of first PBx avoided 436 

indications in 1000 proposed PBx missing 37 ISUP2; a more conservative cutoff of 18% saved 

367 patients in 1000 PBx, missing 18 ISUP2 (Figure 1b-c, suppl material). In the subcohort of 

repeated PBx the threshold of 9% saved 372 PBx in 1000 patients, with 21 ISUP2 missed 

(Figure 1d, suppl material). A more conservative or aggressive criteria in saving PBx and 

missing diagnoses can be chosen by different cutoff points in PDF and CUC, and especially by 

implementing a dynamic and friendly useful App for clinical use, 

(https://urostatisticalsolutions.shinyapps.io/MRIfusionPCPrediction/ ) [25]. An analysis of 

cutoff points was performed by van Leeuwen et al evaluating a 10% nomogram-derived risk 

as the threshold for PBx, resulting in avoidance of 28% of biopsies whilst missing significant 

PCa in only 2.6% of the population. Mehralivand investigated 3 cutoff points of probabilities: 

10% 15%, and 20%; a 10% threshold can avoid 17% of PBx in PI-RADS 3-5 patients, but miss 

3% of significant PCa [20]. A similar conservative approach with our model reveals how a cut-

off point of 7% saves 25.1% of PBx but misses 2.7% of significant PCa. 

Integrated nomograms with PCA3 and PHI for PCa prediction showed AUC of 0.725 and 0.80 in 

their first evaluations [26,27]. The 4Kscore Test is a multivariate model for significant PCa 

prediction with an AUC of 0.82 [28]. The North American Prostate Cancer Prevention Trials-

based Cancer Risk Calculator and the European Randomized Study of Screening for Prostate 

Cancer-derived Prostate Risk Indicator showed an AUC for PCa of 0.702 and 0.79 and 

significant PCa of 0.698 and 0.86, respectively [29,30]. 

We can consider some potential limitations of our study. First, the central and well-trained 

radiological and pathological review could diminish data reproducibility in less-experienced 

hands, but this expertise is desirable and should be improved by the ISUP-2015 and PI-RADS 

https://urostatisticalsolutions.shinyapps.io/MRIfusionPCPrediction/
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v2.2015 attemps of standarization included in our models. Second, the cost-benefit of 

introducing an additional 3T MRI pre-PBx step has not been evaluated against saved PBx and 

missed PCa/aggressive PCa; unfortunately, we have no data to evaluate costs of missed 

diagnosis as it occurs generally. The gold standard for pathology is radical prostatectomy 

rather than PBx findings. However, other criteria of significant PCa (length or percentage of 

core involvement in PBx) and agressive PCa (ISUP-2015) can be evaluated from PBx findings. 

These limitations were also noted in previous studies; however, for aggressive PCa, the 

presence of ISUP>3 or even ISUP>2 should be enough to take an active decision in clinical 

practice. Most of the urologists would indicate PBx in PIRADS 4-5 without further 

consideration, especially in first PBx. In this category our nomograms probably offer no more 

than a confirmatory calculus, but it is in the cases of PIRADS 1-3 where the rest of the 

variables included, especially non-linear PSAD, can offer them its main utility. Our study was 

developed in a cohort of cognitive fusion PBx, and its accuracy with software fusion PBx 

should be evaluated before using this approach. Finally, the lack of external validation is a 

limitation for the clinical implementation of our predictive models. We encourage external 

validations of our models in advance. 

Our present findings improve previous results, but the most relevant advantages of our 

proposal are the inclusion of updated pathological and radiological criteria, the contemporary 

cohort, the common and reproducible PBx approach and MRI target cores, the 3 scenarios of 

prediction proposed, and an easy and intuitive way to choose cutoff points for routine clinical 

practice in every  patient by PDF and CUC as our App shows. 

Conclusion  

We developed mpMRI-based nomograms with a high discrimination ability for 3 different 

scenarios of PCa aggressiveness 

(https://urostatisticalsolutions.shinyapps.io/MRIfusionPCPrediction/ ). Specific clinical cutoff 

points allow us to save a high number of PBx with a minimum of missed diagnoses.  
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LEGENDS  figures 

 

 

 Figure 1: Nomograms of a) all prostate cancer prediction; b) ISUP group 2-5, Gleason score 

> 7 prediction; and c) ISUP group 3-5, primary Gleason pattern > 4 prediction. 

 

 Figure 2: Calibration of predictive models. These graphics show the correlation between 

predicted probabilities (X-axis) and actual incidence of the event (Y-axis). 

 

 Figure 3: Probability density functions of predictive models. These graphics shows the 

distribution of assigned probabilities of predicted event, among actual events (red area) 

and hypothetical events (blue area). 

 

 Figure 4: Clinical utility curves of different predictive models. These graphics show how 

depending on the threshold of probability for decision-making, we can avoid a percentage 

of biopsies (red line) and the corresponding risk of missing undetected diagnoses (blue 

line); a) all PCa prediction, b) ISUP  2 prediction, c) ISUP  3 prediction. 

 

 Figure 5: Probability density functions and clinical utility curves of ISUP2 prediction for 

first PBx and repeated PBx. 



Figure 1: Nomograms of a) all prostate cancer prediction; b) significant prostate cancer ISUP group 2-5, Gleason score > 7 prediction; and c) aggressive 
significant prostate cancer ISUP group 3-5, primary Gleason pattern > 4 prediction 
a) 
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Figure 4: Clinical utility curves of different predictive models. These graphics show how depending on the threshold of probability for decision-making, we 

can avoid a percentage of biopsies (red line) and the corresponding risk of missing undetected diagnoses (blue line); a) any PCa prediction, b) ISUP   2 

prediction, c) ISUP  3 prediction. 
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Figure 5: Probability density functions and clinical utility curves of ISUP  2 prediction for first 

PBx and repeated PBx. 
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Table 1: Clinical and demographics characteristics: Total sample stratified by predicted prostate cancer groups. 
 

VARIABLE All PCa Non PCa  ISUP  2 Non PCa-ISUP 1  ISUP  3 Non PCa-ISUP 1-2  Total 

CONTINUOUS p50(p25-p75) p50(p25-p75) p-value p50(p25-p75) p50(p25-p75) p-value p50(p25-p75) p50(p25-p75) p-value p50(p25-p75) 
Age (years) 70.5(65-76.1) 66.2(60.7-71.5) <.0001 72.4(65.5-77.1) 66.2(60.3-71.2) <.0001 73.1(68-77.9) 66.2(60.7-71.2) <.0001 67.7 (63.0-73.7) 

PSA (ng/mL) 8(5-12.7) 5.7(4.4-8.3) <.0001 8.8(5.2-13.8) 5.7(4.5-8.4) <.0001 9.6(6.2-17.3) 5.7(4.4-8.4) <.0001 6.1(4.7-10.2) 

fPSA* 1.15(0.78-1.65) 1.18(0.8-1.59) 0.67 1.07(0.7-1.59) 1.19(0.81-1.62) 0.58 1.23(0.83-1.74) 1.16(0.79-1.54) 0.62 1.17(0.79-1.63) 

Prostate volume 
(mL.) (MRI) 

41(34-57) 57(45-81) <.0001 40(34-57) 56(43-80) <.0001 40(33-57) 55(41-79) <.0001 50.5(38-72.8) 

PSA density 
(ng/mL/cc) 

0.17(0.13-0.30) 0.10(0.07-0.16) <.0001 0.19(0.14-0.33) 0.11(0.07-0.16) <.0001 0.22(0.16-0.37) 0.12(0.07-0.17) <.0001 0.13(0.08-0.20) 

CATEGORICAL N(%) N(%)  N(%) N(%)  N(%) N(%)   

  137 209  113 233  81 265  346 

Number of biopsy 

 First 

 Repetition 

  0.004   0.002   0.004  

78 (57%) 85 (41%)  67 (59%) 96 (41%)  50 (62%) 113 (43%)  163 (47%) 

59 (43%) 124(59%)  46 (41%) 137 (59%)  31 (38%) 152 (57%)  183 (53%) 

DRE 

 Normal 

 Abnormal 

          

80 (58%) 157 (75%) 0.002 64 (57%) 173 (74%) 0.001 49 (60%) 188 (71%) 0.102 237 (68%) 

57 (42%) 52 (25%)  49 (43%) 60 (26%)  32 (40%) 77 (29%)  109 (32%) 

PI-RADS v.2.2015 

 1-2 

 3 

 4-5 

          

12 (9%) 66 (32%) <.0001 6 (5%) 72 (31%) <.0001 1 (1%) 77 (29%) <.0001 78 (23%) 

18 (13%) 74 (35%)  14 (12%) 78 (33%)  5 (6%) 87 (33%)  92 (27%) 

107 (78%) 69 (33%)  93 (82%) 83 (36%)  75 (93%) 101 (38%)  176 (50%) 

 
PCa: prostate cancer at biopsy; ISUP: International Society of Uropathologists grade group; p25-p50-p75: percentile 25, percentile 50 (median), percentile 
75, respectively; PSA: prostate specific antigen; fPSA: free PSA *(not available in 105 patients, if there was total PSA below 4 ng/mL or over 10 ng/mL); DRE: 
digital rectal examination; PI-RADS v.2.2015  
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Table 2: Multivariate models of different prostate cancer predictions 
  

 

   

 

 All PCa / Non PCa ISUP  2 / Non PCa-ISUP 1 ISUP  3 / Non PCa-ISUP 1-2 

VARIABLE Odds ratio (C.I. 95%) p-value Odds ratio (C.I. 95%) p-value Odds ratio (C.I. 95%) p-value 

Age 1.75 (1.19-2.56) <.0001 2.33 (1.54-3.53) <.0001 3.78 (1.93-7.43) 0.0010 (linear) 

 -------  --------   0.0084 (no linear) 

PSA density 5.96 (3.28-10.85) <.0001 (linear) 7.22 (3.68-14.17) <.0001 (linear) 9.34 (4.06-21.48) <.0001 (linear) 

 0.0003 (no linear)  <.0001(no linear)  <.0001(no linear) 

DRE: 

 Abnormal/Normal (reference) 

3.61 (1.86-7.01) 0.0001 3.64 (1.79-7.41) 0.0004 2.99 (1.36-6.59) 0.0065 

Number of biopsy: 

 First/Repeated (reference) 

2.62 (1.47-4.69) 0.0012 2.94 (1.57-5.52) 0.0008 -------- ------- 

PI-RADS v2.2015: 0.21 (0.10-0.46) <.0001 0.14 (0.05-0.37) <.0001 0.05(0.01-0.36) 0.0034 

 1-2/4-5 (reference)       
 3/4-5 (reference) 0.27 (0.13-0.53) 0.0002 0.32 (0.15-0.67) 0.0025 0.15 (0.06-0.43) 0.0004 
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