Multiparametric MRI as a biomarker of response to neoadjuvant second-generation hormone therapy for localized prostate
cancer- a pilot study
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Synopsis

Advanced prostate cancer (PCa) is driven by androgen receptor (AR) signaling, and as such the AR is an important therapeutic target to prevent PCa progression. The aim of this pilot study was to
explore a role for prostate multiparametric MRI (mpMRI) as a biomarker for treatment response of localized prostate cancer to neoadjuvant treatment with the second-generation AR inhibitor
enzalutamide. We demonstrate that quantitative mpMRI may play an important role as a biomarker of response to neoadjuvant treatment of localized PCa, and MRI-based tumor volumetrics may act
as a surrogate for RCB at prostatectomy. These findings are worthy of investigation in a larger clinical setting.

Introduction

Advanced prostate cancer (PCa) is driven by androgen receptor (AR) signaling1-3, and as such the AR is an important therapeutic target to prevent PCa progression4. Given that PCa is a very heterogeneous
disease, an individualized approach may be required to maximize potential benefits from novel and combination therapies. A validated metric that measures the optimal length of an individual’s neoadjuvant
treatment would be of great benefit in an era where current predictive biomarkers are lacking. The aim of this pilot study was to explore a role for prostate multiparametric MRl (mpMRlI) as a biomarker for treatment
response of localized prostate cancer to neoadjuvant treatment with the second-generation AR inhibitor enzalutamide.

Methods

Our study was approved by the institutional review board and all patients signed informed consent at screening. Consecutive patients from a single institution with localized prostate cancer (PCa), part of a multi-
center prospective randomized open-label phase 2 clinical trial of neoadjuvant enzalutamide either alone or in combination with leuprolide and dutasteride (triple therapy), and for whom radical prostatectomy was
indicated, were included. All had a baseline mpMRI and a repeat mpMRI at 3T, after 6-months of neoadjuvant treatment. T2-weighted MRI, apparent diffusion coefficient (ADC) maps, and quantitative
pharmacokinetic (PK) parameters from high temporal resolution Dynamic Contrast Enhanced (DCE) imaging were obtained, including AUC90, Ktrans and ve. Tumor regions of interest (TROI) and normal regions of
interest (NROI) were volumetrically outlined on all sequences using 3D Slicer (www.slicer.org), and quantitative indices extracted. Pathological staging, residual cancer burden (RCB) and tumor cellularity were
measured on prostatectomy specimens. Summary statistics were obtained. Paired t-tests compared TROI and NROI quantitative mpMRI indices, and compared pre-and post-treatment quantitative mpMRI metrics
and 3D tumor volumes. To test for correlations between pathology and mpMRI-based RCB, and between mean mpMRI metrics and pathological RCB and cellularity, a Spearman’s rank correlation was used, with
Wilcoxon test used to test for differences in volume. Level of statistical significance was set at p<0.05.

Results

Eight patients were enrolled, with a mean age of 58.8 + 7.4 years and a primary Gleason grade 4 on prostate biopsy. Mean PSA nadir was 0.16 + 0.08 ng/ml. Mean time to PSA nadir was 203.9 + 25.8 days. At
baseline, ADC values were significantly lower in TROIs compared to NROIs, and DCE parameters (Ktrans and AUC90) were significantly higher in TROIs compared to NROIs (Table 1). In response to therapy, this
difference between TROI and NROI remained (Table 2), although there was a decrease in Ktrans and AUC90 in areas of TROI and NROIs (p<0.05), and no significant change in ADC metrics. There was a reduction in
mean tumor volume based on T2 WI ADC 500, ADC 1400, and DCE (Table 3), all p<0.05. There was no significant difference in post-treatment pathology-based RCB compared to mpMRI-based RCB (based on
T2WI, ADC, and DCE), with a strong positive correlation between pathology-based RCB and MR-based RCB (p=0.74-0.81, p<0.05) for all sequences. There was a strong positive correlation between pathology-
based RCB and post-treatment DCE metrics (AUC90 and Ktrans) and a strong negative correlation with post-treatment ADC metrics (Table 4).

Discussion

This pilot study evaluated a role for quantitative prostate mpMRI in assessing response to neoadjuvant therapy, and in characterizing micrometastatic disease. At both baseline and post-treatment mpMRI, we
found that quantitative DCE and ADC metrics differ between outlined TROIs and NROIs, and this difference remains after neoadjuvant therapy, despite a significant decrease in the DCE metrics Ktrans and AUC90
in both TROIs and NROIs. This may be explained by the fact neoadjuvant ADT has an effect on all prostate tissue, and the observed changes in DCE parameters are likely reflective of the antivascular effects of
ADT. In addition, quantitative DCE metrics and tumor volume measurements from the post-therapy mpMRI strongly correlate with RCB at subsequent prostatectomy. This would suggest that abnormal quantitative
metrics may predict the extent of residual functioning tumor, which could be important in terms of early detection of non-responders, and in terms of identifying those who are responding but may benefit from a
longer period of treatment, prior to prostatectomy.



Conclusion

This pilot study demonstrates that quantitative mpMRI may play an important role as a biomarker of response to neoadjuvant treatment of localized PCa, and MRI-based tumor volumetrics may act as a surrogate
for RCB at prostatectomy. These findings are worthy of investigation in a larger clinical setting.
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Figures

ADC 500 ADC 1400 s AUCy, v,

(108 {x10¢ {min-1)

mméisec) mm?isec)
TROI 1031180 806137 0346202 0.21310.1 0.21£0.1
NROI 1630+304 1278:213 0.145:0.08 0.113:0.03  0.23x0.14
P value 0.0008 0.0005 0.002 0.002 NS

Table 1: Quantitative mpMRI indices at baseline

At baseline, ADC values were significantly lower in TROIs compared to NROIs, and DCE parameters (Ktrans and AUC90) were significantly higher in TROIs compared to NROIs. P value obtained using a paired T
test.

ADC 500 ADC 1400 (s AUC, Ve
(=10 (x10® (min)
mm?/sec) mm?/sec)

TROI 11124180 883£121 0.188+0.1 0.13+0.05 0.31#0.1

NROI 15514213 11254237 0.08620.03 007003 025x0.1

pvalue 0.0009 0.003 0.002 0.002 NS

Table 2: Quantitative mpMRI indices after neoadjuvant therapy

After therapy, ADC values remained significantly lower in TROIs compared to NROIs, and DCE parameters (Ktrans and AUC90) remained significantly higher in TROIs compared to NROIs. P value obtained using a
paired T test.

T2WIl ADC 500 ADC1400 Subtraction DCE
mm? mm? mm? mm?

Pre-Tx 4964z 4430 44784068 361313042 34772778
Post-Tx 153741569 1240 1532 119421511 1533999
pvalue 001 0.02 0.04 0.03
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Table 3: MRI-based tumor volume change in response to neoadjuvant therapy

There was a reduction in mean tumor volume, contoured on T2 WI, ADC 500, ADC 1400, and subtraction DCE, using 3D slicer, in response to neoadjuvant therapy.

RCB *p-value Cellularity ** p-value
Mean AUCq p=0.79 003 p=040 NS
Mean Krans p=0.76 004 p =0.48 NS
Ve p=-0.1 NS p=0.16 NS
Mean ADC 500 p=-0.71 0.058 p=-017 NS

Minimal ADC 500 p=-0.91 0.005 p=-034 NS
Mean ADC 1400 p=-0.74 0.045 p=-0.35 NS
Minimal ADC 1400 p=-0.79 0028 p=-0.43 NS

Table 4: Correlations between post-therapy mpMRI quantitative parameters and pathological RCB and cellularity

There was a strong positive correlation between pathology-based RCB and post-treatment DCE metrics (AUC90 and Ktrans) and a strong negative correlation with post-treatment ADC metrics. No correlation was
found between quantitative metrics and tumor cellularity
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