Revealing Invisible Prostate Cancer with VERDICT-MRI
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Synopsis
Motivation: Prostate multi-parametric (mp)MRI misses 10-20% of PCa, presenting a need for enhanced imaging techniques.
Goal(s): To determine if VERDICT-MRI, when used alongside mpMRI, can improve the detection and characterization of mpMRI-invisible lesions.

Approach: We identify patients with mpMRI-invisible lesions from the Histo-MRI clinical trial (n=11). We use slice-to-slice matched whole-slide
histology and MRI. We analyze differences in histological cell density, epithelial fraction and VERDICT intracellular volume fraction between mpMRI-
visible and -invisible lesions.

Results: Using VERDICT-MRI improves the sensitivity of detection of invisible lesions, particularly with high cell density and epithelial fraction.

Impact: Integrating VERDICT-MRI into clinical imaging could enhance detection of previously invisible prostate cancer lesions, allowing for more
precise stratification and more informed, personalized treatment strategies, potentially improving patient outcomes.

Introduction

The Prostate Imaging Reporting and Data System (PI-RADS) was developed to standardize acquisition, interpretation and reporting of prostate
multi-parametric (mp)MRI examinations. It suggests staging of suspicious lesions based on T2W MRI, diffusion-weighted (DW) MRI, dynamic contrast
enhancement and apparent diffusion coefficient (ADC) maps and has distinct guidelines for lesions in peripheral and transition zones (PZ, TZ)'.

However, mpMRI can miss 10-20% of prostate cancer (PCa) lesions?. These invisible lesions have been associated with Black race and high PSA
density3. Histologically, they tend to be smaller, with more heterogeneous morphology, and have lower Gleason Scores, cell density and epithelial
fraction than visible lesions*®.

The fractional intracellular volume (fIC) from the Vascular, Extracellular, and Restricted Diffusion for Cytometry in Tumors (VERDICT) framework has
demonstrated potential as an imaging biomarker when combined with mpMRI, offering greater accuracy in detecting clinically significant PCa than
ADC maps, and enhancing the identification of false-positive lesions®=. fiC has also been shown to correlate with histological cell density and
epithelial fraction'®.

This study investigates the potential of VERDICT-MRI to aid in the detection of invisible lesions when used alongside mpMRI. We hypothesize that the
incorporation of VERDICT-MRI will improve characterization of ambiguous lesions. For example, the pre-established fIC threshold for detection of
clinically significant PCa (median fIC > 0.41)’ could enhance detection of invisible lesions with high cell density and epithelial fraction.

Methods

Patient data. We analyzed data from the Histo-MRI clinical trial (NCT04792138), where men with histologically confirmed PCa that are awaiting
prostatectomy are scanned using clinical mpMRI and VERDICT-MRI'! (n=48). 3D printed molds from pre-operative T2W MRI ensured slice-to-slice
correspondence between MRI and histology. The specimen handling protocol is described in'2,

Comparing radiological reports from the initial clinical mpMRI against histological reports from whole-slide imaging (WSI), cases with invisible lesions
on mpMRI were identified (n=11). These showed tumour foci on histological assessment that was not identified on the pre-surgical mpMRI. All
undetected foci had Gleason score (GS) > 3+4 and ranged in size from 0.6 to 104mm?2.

Histological analysis. Histologists segmented and graded lesions on WSI (454nm/pixel resolution). Histological parameter maps were obtained in a
patch-based manner: cell density was derived from nuclei segmentations on QuPath'3, while tissue fractions (stroma, lumen, epithelium) were
segmented semiautomatically with Image Pro (Media Cybernetics)'4.

VERDICT fitting. VERDICT parameter maps were obtained using multilayer perceptron fitting®.

Statistical analysis. Differences between visible and invisible lesions across all parameter maps were analyzed by calculating the median value for
each region of interest. Inter-group differences were represented by the mean difference and corresponding limits of agreement'®.

Results

Figure 1 shows an example of the histologically derived parameter maps and displays the differences in histological measures of cell density and
epithelial fraction, as well as fIC, for mpMRI-detected and -invisible lesions. There are no statistically significant differences (Table 1) but, in all cases,
the median value is higher for visible lesions.

Figure 2 shows example cases where the invisible lesions have median fIC above the defined threshold of 0.41. All cases shown have invisible
lesions of GS 3+4 of varying sizes and, guided by the high-resolution T2W, can be clearly delineated on the VERDICT fIC map.

Figure 3 shows example cases where the invisible lesions have median fIC below the defined threshold. The invisible lesions all have GS 3+4 and
cannot be seen on the T2W or VERDICT-MRI maps. Figure 4 shows that, in these cases, lesion are small and have low histological cell density and
epithelial fraction.



Discussion and Conclusion

We show that invisible lesions tend to have lower fIC than detected lesions and corroborate previous findings that demonstrated reduced
histological cell density and epithelial fraction in the latter. We find no statistical significance in the results, probably due to small sample size.

We illustrate various examples, cases where the fIC threshold could have been used to detect the invisible lesions and cases where it could not. We
show that using the pre-established fIC threshold for detection of clinically significant PCa could allow the identification of invisible lesions and, in
some cases, upgrade of lesions with low Likert score - considered clinically insignificant - into higher scores that require follow-up biopsy.

Overall, we show that the use of VERDICT-MRI alongside mpMRI in the staging of lesions could reduce the amount of missed PCa on MRI. Especially
in cases where there is some indication of lesion but analysis of mpMRI is indeterminate, using fIC maps from VERDICT-MRI could aid in the
detection of clinically significant PCa. Further work will investigate the effect of including VERDICT-MRI on specificity.
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Figure 1. A. Example histology whole-slide image (WSI) with corresponding quantitative maps of derived cell density and epithelial fraction. B.
Boxplots showing differences in histological features and fIC between mpMRI-visible and -invisible lesions.
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Table 1. Analysis of histological parameters and VERDICT fIC in mpMRI-visible and -invisible lesions. Statistical significance represented by mean
difference and corresponding 95% confidence intervals (Cl).
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Figure 2. Examples where median fIC of invisible lesions is above threshold. Invisible lesions are outlined in red,
reported lesions in yellow. A. Reported lesion in left posterolateral base of PZ (Likert 4, GS 3+4). Non-reported GS
3+4 lesion on the right, visible on VERDICT-MRI. B. Reported lesion in left posterolateral apex to base of PZ with
some extension into left TZ (Likert 5, GS 4+3 with perineural invasion). Non-reported GS 3+4 lesions on the right,
visible on VERDICT-MRI. C. Reported lesion in right TZ (Likert 2, GS 3+4). Could have been upgraded to higher

Likert with VERDICT-MRI.

A. ‘Whote-slide histology

Figure 3. Examples where median fIC of invisible lesions is below threshold. Invisible lesions are outlined in red,
reported lesions in yellow. A. Reported lesion in left apex (Likert 5, 3+4 with tertiary pattern 5 (<5%)). Non-reported
GS 3+4 lesions on the right, invisible on VERDICT-MRI. B. Reported lesion in left PZ (Likert 4, GS 4+3). Non-
reported GS 3+4 lesion on the right, invisible on VERDICT-MRI.
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Figure 4. Exploration of histological features in cases where the invisible lesions are not detectable using mpMRI
and VERDICT-MRI. Median values for the visible and invisible lesions are reported under each parameter map.
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