
Can we improve the pre-operative prediction of prostate cancer 
recurrence with multiparametric MRI?

Paolo Capogrossoa,b, Emily A. Vertosicka, Nicole E. Benfantea, Daniel D. Sjoberga, Andrew 
J. Vickersa, James A. Easthama

aMemorial Sloan Kettering Cancer Center, New York, NY, USA

bDivision of Experimental Oncology/Unit of Urology; URI; IRCCS Ospedale San Raffaele, Milan, 
Italy

Abstract

Introduction: The use of multiparametric (mp)MRI to assess prostate cancer (PCa) has increased 

over the last decade. We aimed to assess if pre-operative mpMRI lesion score, a variable routinely 

available for men undergoing pre-biopsy MRI, improves the performance of commonly used pre-

operative predictive models for PCa recurrence.

Patients and Methods: We analysed data from 372 PCa patients treated with radical 

prostatectomy in 2012-2017 and assessed with pre-biopsy mpMRI within 6 months prior to 

surgery. Suspicious areas for cancer were scored on a standardized 5-point scale. Cox regression 

was used to assess the association between mpMRI score and the risk of post-operative 

biochemical recurrence (BCR). Two different models were tested accounting for factors included 

in the Kattan nomogram and in the D’Amico risk-classification.

Results: Overall, 53% and 30% of patients were found with a lesion scored 4 or 5 at pre-biopsy 

mpMRI, respectively. Risk varied widely by mpMRI (29% 2-year risk of BCR for a score 5 versus 

5% for 1-2 disease), and mpMRI score was associated with large hazard ratios after adjusting for 

stage, grade and PSA: 1.66, 1.96 and 2.71 for scores 3, 4 and 5 respectively. However, 95% C.I. 

were very wide (0.19 to 14.20, 0.26 to 14.65 and 0.36 to 20.55) and included 1.

Conclusions: Our data did not show that pre-operative models, commonly used to assess PCa 

risk, were improved after including the pre-biopsy mpMRI score. However, the value of pre-

biopsy mpMRI to improve preoperative risk models should be investigated in larger data sets.

MicroAbstract

We looked at the clinical significance of including the multiparametric (mp)MRI lesion score in 

common predictive tools for biochemical recurrence (BCR) after surgery for prostate cancer 
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(PCa). Higher mpMRI score were associated with higher risk of BCR, although the association 

was not statistically significant and the predictive models were not improved by including the 

mpMRI score. The value of pre-biopsy mpMRI to improve preoperative risk models should be 

further investigated.
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Introduction

The use of multiparametric magnetic resonance imaging (mpMRI) for the detection and 

assessment of prostate cancer (PCa) has increased in the last few years. 1. As such, mpMRI 

is currently suggested by clinical guidelines to identify lesions suspicious for cancer that 

need to be biopsied in men with a previously negative prostate sampling 1,2.

The Prostate Imaging Reporting And Data System (PIRADS) score or a Likert scale are 

routinely used to define the probability of cancer and its aggression at mpMRI 3,4. Previous 

data have shown that about 18% of cases with low mpMRI score (e.g. 1-2) would be 

eventually diagnosed with PCa and about 11% harbor a clinically significant disease 5. 

Considering that the use of mpMRI as a triage test to decide which patients should forgo or 

proceed to prostate biopsy is still under investigation 1, the case of a patient referred to 

biopsy despite a low mpMRI score is a common clinical scenario. When found with PCa, 

those patients could be eventually counseled for active treatments according to their risk of 

disease recurrence, which is an indicator of cancer aggression 2.

Factors commonly considered for disease-risk stratification include total serum PSA, clinical 

stage (cT) and Gleason score (GS) at biopsy 6–8; those factors have been included in 

preoperative models like the Kattan nomogram 8 and the D’Amico risk classification 7, 

which are commonly used to stratify patient’s risk before treatment, and have shown high 

accuracy for predicting biochemical recurrence (BCR) 2,9. Conversely, the accuracy of pre-

biopsy mpMRI for predicting disease recurrence has been investigated in only a limited 

number of studies, with equivocal results 10–14. Patients with a lower pre-operative mpMRI 

score may harbor less aggressive disease than those with higher scores, regardless of other 

disease characteristics. If so, mpMRI could be helpful to better stratify the disease-risk and 

support the physician in counseling the patient regarding treatment. Critically, mpMRI score 

will be available for many patients and so incorporation into standard risk assessment tools 

would not require additional procedures or costs.

We evaluated whether adding the pre-biopsy mpMRI score to commonly used preoperative 

risk-predictive models, such as the Kattan nomogram and the D’Amico risk classification, 

would improve accuracy for predicting BCR after RP.
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Methods

After institutional review board approval, we analyzed data from 402 patients who 

underwent a pre-biopsy mpMRI and were treated with RP at our institute between January 

2012 and June 2017.

All included patients underwent the mpMRI assessment within 6 months prior to surgery. 

Images were acquired under a magnetic field of 1.5-T with endorectal coil or 3-T without 

endorectal coil. The mpMRI was performed either at our institution (N=187) or in outside 

centers (N=215); outside studies were internally reviewed. MRI systems (GE Healthcare, 

Wisconsin USA) and multichannel phased-array coils were used. Sequences acquired 

included T1-weighted images, T2-weighted images, diffusion-weighted sequences and 

parametric maps of apparent diffusion coefficients, and dynamic contrast-enhanced 

sequence. The imaging results were assessed by one of six experienced members of our 

institution’s genitourinary radiology section. Regions-of Interest (ROI) at mpMRI were 

scored on a 5-point Likert scale as previously published 15,16. This scale was developed in 

our institute using whole-mount prostatectomy specimens as reference and has previously 

shown equivalency with the original version of the PIRADS score17,18.

Patients with identified ROI (Likert≥3) at mpMRI, underwent a transrectal targeted biopsy 

under visual or software registration, followed by a transrectal ultrasound guided systematic 

biopsy. In the absence of ROI (Likert score <3), only systematic biopsies were performed. 

Biopsy specimens were reviewed by dedicated genitourinary pathologists. Given that we 

were interested in assessing the ability of the mpMRI score in predicting cancer outcomes 

after accounting for other predictors such as GS, we excluded from the analysis patients 

presenting biopsy cores with the highest GS in regions outside the identified ROI at mpMRI 

(N=22). As a sensitivity analysis, we included all patients with available biopsy data.

All patients were treated with RP with or without pelvic lymph node dissection according to 

pre-operative risk. Post-operative surveillance was based on serum PSA and physical 

examination performed at 6 weeks after surgery and every 6 months for the first 5 years. 

Patients were considered to have BCR if PSA was ≥0.1 ng/mL and remained ≥0.1 ng/mL on 

repeat assessment.

Patients missing pre-operative or pathological data were not considered for the analyses 

(N=3), likewise, those submitted to adjuvant treatments after surgery were excluded (N=5).

Statistical analyses

The aim of the study was to assess if the pre-biopsy mpMRI score was able to predict BCR 

after surgery and improve the accuracy of two pre-operative models: the Kattan nomogram 

(including total PSA, biopsy primary and secondary GS and clinical stage [cT]) and the 

D’Amico risk classification (including total PSA, biopsy GS sum and clinical stage [cT]). 

Cox regression analysis was used to test the association between predictors and post-

operative BCR. Given the low number of events, the number of covariates that we could 

include was limited, and we therefore calculated a linear predictor for the Kattan and 

D’Amico models. The linear predictor provides a way to control for the effects of these 
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covariates in all models regardless of the number of events, using only a single covariate (the 

linear predictor). The coefficients for the Kattan nomogram were obtained from https://

www.mskcc.org/nomograms/prostate/pre_op/coefficients in January 2018. Kaplan-Meier 

analyses were used to estimate the disease-free survival probability after surgery according 

the pre-biopsy mpMRI score. Statistical analyses were conducted using Stata 15.0 

(StataCorp, College Station, TX, USA).

Results

Table 1 reports pre- and post-operative characteristics of the entire cohort (N=372). Most 

patients had a suspected lesion scored 4 (53%) or 5 (30%) at the pre-biopsy mpMRI. After 

biopsy, half of the patients was diagnosed with a GS 3+4 PCa (50%) and 24% had a GS 4+3 

disease. A total of 66% of patients were considered at intermediate risk of recurrence after 

treatment according the pre-operative D’Amico risk classification. Likewise, at the 

pathological evaluation after surgery, the majority of patients was diagnosed with a GS 3+4 

(57%) and 4+3 (26%) disease. Lymph node dissection was performed in nearly all cases 

(97.6%), with positive lymph nodes found in 11%.

The median (IQR) post-operative follow-up of disease-free patients was 17 (11-27) months 

and the overall risk of BCR at 2-year from surgery was 21% (95% CI: 17-27; Table 2). 

Figure 1 shows the Kaplan-Meier analysis estimating post-operative disease-free survival 

stratified according to the pre-biopsy mpMRI score. Patients with a pre-operative mpMRI 

score from 3 to 5 appear to have lower disease-free survival rates after surgery as compared 

to score 1-2 disease. The estimated risk of BCR for a Likert score 5 disease was 29% (95% 

CI: 20-41) at 2-year as compared to 5% (95% CI: 1-28) for a Likert score 1-2 disease (Table 

2).

Table 3 shows the multivariable Cox regression testing the association between mpMRI 

score and the risk of post-operative BCR. Higher mpMRI scores were associated with 

increasing hazard ratios (HRs) of recurrence: score 5 disease was associated with an HR of 

2.71 and 5.05 as compared to a score 1-2 disease, after accounting either the Kattan 

nomogram (model 1) and the D’Amico risk classification (model 2), respectively. However, 

confidence intervals were wide and the association between the mpMRI score and BCR did 

not reach statistical significance (p>0.3). As expected, the accuracy of the Kattan nomogram 

(c-index: 0.724) and the D’Amico risk classification (c-index: 0.651) was not significantly 

improved by adding the mpMRI score (Model 1- c-index: 0.725; Model 2- c-index: 0.674).

Similarly, at the sensitivity analysis including all patients with available biopsy data 

(N=394), the mpMRI score was not significantly associated with post-operative BCR when 

included in the multivariable Cox regression model (Supplementary table 1).

Discussion

We found large differences between the central estimates of recurrence for different mpMRI 

scores, with a higher risk of recurrence for patients with high score lesions. However, our 

findings were associated with wide confidence intervals and were not statistically 

significant. Given the ready availability of mpMRI score in an increasing number of patients, 
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our results warrant further research to better define the association between mpMRI findings 

and the risk of PCa recurrence after surgery.

Previous studies have investigated the link between MRI score and risk of post-treatment 

BCR. Park et al. assessed pre-surgical MRI findings in 282 patients with PCa 11and showed 

that the apparent tumor presence on MRI, as scored with a 5-point scale, was independently 

associated with post-operative BCR after accounting for cT, PSA and biopsy Gleason. 

Likewise, in a study including 421 PCa patients assessed with mpMRI before RP, the 

authors showed that a three-level PCa suspicion score based on MRI findings was 

independently associated with BCR after accounting for common pre-operative risk factors 
10. Conversely, Tan et al. recently reported data from 255 patients who underwent a prostate 

mpMRI before RP, showing that the updated version of the PIRADS score (PIRADS v2) 

was not independently associated with the risk of post-operative BCR 13. Likewise, we 

observed a higher probability of recurrence associated with worse imaging tumor 

characteristics, as scored with a Likert scale that is consistent with the original PIRADS 
17,18, although it was not statistically significant. It could be the case that the number of 

events and the rate of patients with lower mpMRI scores were not large enough to detect a 

significant difference between patients with different scores, thus hampering our ability to 

draw a final conclusion on the association between pre-operative mpMRI and the risk of PCa 

recurrence.

Our results suggest that further research should be conducted on mpMRI score to determine 

whether it improves the accuracy of commonly used preoperative predictive tools. Given the 

widespread use of mpMRI to improve PCa detection at biopsy, the mpMRI score would be 

easily available at the time of pre-operative assessment. As such, integrating this score in 

risk-stratification models could be valuable even for a small improvement in predictive 

accuracy.

Other MRI features, which are not routinely integrated in the PIRADS score, could help in 

predicting oncological outcomes, but may be less readily available in the everyday practice. 

Nonetheless, they deserve to be investigated in future studies. MR spectroscopic imaging 

(MRSI), for instance, has been previously recognized as a useful tool for assessing the 

metabolic characteristics of the prostatic lesions, allowing for the discrimination of high-

grade tumors 19 and has shown to improve the accuracy of the PIRADS v2 for predicting 

Gleason pattern ≥ 4 20. Reisaeter et al. showed that the performance of both the University 

of California San Francisco Cancer of the Prostate Risk Assessment (CAPRA) tool and the 

D’Amico pre-operative risk-stratification, could be increased by including the tumor 

apparent diffusion coefficient (ADC) and the radiological extraprostatic extension assessed 

with the mpMRI 12. Similarly, Zhang et al. 14 reported that implementing the CAPRA and 

D’Amico models with multiple mpMRI features, such as the PIRADS score, the tumor ADC 

and the MRI-local staging, led to an increased accuracy in predicting 3-years BCR. Such 

research can be run in parallel with that examining routinely reported MRI features.

Our study has some limitations; the median patient follow-up was only 17 months, with 75% 

of patients being followed for at least 2 years. This relatively short follow-up is in part 

responsible for the low number of recurrences observed in our cohort. Longer follow-up is 
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needed for a better assessment of predictors of PCa recurrence. The targeted biopsies were 

not always conducted under software registration, therefore, the correspondence between 

imaging and histology after biopsy could be questioned. Finally, more than half of the 

mpMRI assessments were conducted in outside institutions. That said, all studies were 

internally reviewed by experienced radiologists in our center, assigning an independent 

Likert score to the detected lesion, thus partially reducing the limitation of outside MRIs.

Conclusions

We observed a higher, although non-significant, estimated risk of recurrence of patients with 

high mpMRI scores. These findings suggest that routinely available MRI information is a 

potential marker to add to pre-operative prediction models to stratify patient’s risk and 

inform treatment planning. However, larger studies are needed to confirm value.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical practice points

• Lower mpMRI scores have been associated with less aggressive histology, 

suggesting that pre-operative mpMRI could be useful in pre-operative 

disease-risk stratification and treatment planning

• We observed increasing risk of PCa recurrence associated with higher mpMRI 

score, although the association did not reach significance

• Including mpMRI score in preoperative predictive model did not increase the 

accuracy for predicting post-operative recurrence. However, the relatively 

small number of patients included may have affected the results

• The mpMRI score is a routinely available information at the time of pre-

operative risk assessment which may be clinically useful for treatment 

planning. However larger studies should investigate the association between 

mpMRI score and the risk of PCa recurrence
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Figure 1- 
Kaplan-Meier curves showing disease-free survival stratified according to mpMRI score; the 

blue line represents patients with Likert 1-2 lesion; the green line represents patients with 

Likert 3 lesion; the red line represents patients with Likert 4 lesion; the black line represents 

patients with Likert 5 lesion.
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Table 1 –

Pre- and post-operative patients’ characteristics (N=372)

Pre-operative characteristics

Biopsy-naïve patients 283 (76%)

Pre-biopsy mpMRI

 Likert 1 – 2 24 (6.5%)

 Likert 3 39 (10%)

 Likert 4 199 (53%)

 Likert 5 110 (30%)

Age median (IQR) 64 (59, 69)

PSA ng/mL median (IQR) 6.6 (4.9, 9.8)

Clinical stage (cT)

 T1c -T2a 310 (83%)

 T2b- T2c 50 (13%)

 >=T3 12 (3.2%)

Pca Gleason score at biopsy

 3+3 22 (5.9%)

 3+4 186 (50%)

 4+3 88 (24%)

 4+4 44 (12%)

 9-10 32 (8.6%)

PCa risk category*

 low risk 17 (4.6%)

 intermediate risk 245 (66%)

 high risk 110 (30%)

Post-operative characteristics

Pca Gleason score after surgery

 3+3 16 (4.3%)

 3+4 211 (57%)

 4+3 96 (26%)

 4+4 23 (6.2%)

 9-10 26 (7.0%)

Lymph node invasion 41 (11%)

pN stage

 N0 322 (87%)

 N1 41 (11%)

 Nx 9 (2.4%)

pT stage

 2 174 (47%)
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Pre-operative characteristics

 ≥3 198 (53%)

*
D’Amico risk classification

Keys: mpMRI score= multiparametric magnetic resonance imaging: PCa= prostate cancer
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Table 2 –

Estimated risk of BCR (95% CI) according to mpMRI score

Time from surgery Overall score 1-2 score 3 score 4 score 5

6 mos 8% (6, 12) 5% (1, 28) 0% (-) 9% (5, 14) 12% (7, 20)

12 mos 13% (10, 17) 5% (1, 28) 7% (2, 24) 13% (9, 19) 18% (11, 26)

24 mos 21% (17, 27) 5% (1, 28) 20% (9, 43) 18% (13, 25) 29% (20, 41)

Keys: mpMRI= multiparametric magnetic resonance imaging
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Table 3 –

Pre-operative Cox-regression model predicting biochemical recurrence after surgery adjusting for factors 

included in the Kattan nomogram (Model 1: clinical stage, PSA, primary and secondary Gleason at biopsy) 

and in the D’Amico risk classification (Model 2: clinical stage, PSA, Gleason sum at biopsy)

Model 1 Model 2

HR 95% CI p-value HR 95% CI p-value

mpMRI score

Likert 1-2 vs. 3 1.66 0.19, 14.20 0.4 3.61 0.43, 30.03 0.3

Likert 1-2 vs. 4 1.96 0.26, 14.65 3.60 0.49, 26.35

Likert 1-2 vs. 5 2.71 0.36, 20.55 5.05 0.68, 37.30

Keys: mpMRI score= multiparametric magnetic resonance imaging
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