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~——ABSTRACT

Summary:
Most types of prostate cancer are characterised by epithelial cell proliferation. This study examines the relationship between Apparent

Diffusion Coefficient from multi-parametric MRI and intra-cellular volume fraction from VERDICT-MRI and histologically derived cell density
and tissue fractions.

Introduction:

Histological examination is currently the gold standard for diagnosing prostate cancer (PCa). While multi-parametric MRI (mpMRI) offers a
non-invasive alternative, its effectiveness in PCa diagnosis varies significantly among radiologists 1 due to the diverse morphology of PCa
on MRI and the presence of confounding conditions like benign prostatic hyperplasia (BPH) 2, leading to potential diagnostic
inaccuracies 3,4. MpMRI diagnosis strongly relies on the Apparent Diffusion Coefficient (ADC)5 despite confounding various histological
changes. ADC has been investigated as a descriptor of cell density, with studies reporting correlations of r = -0.646, -0.61, 0.50 and
-0.695 in several ROI-based analysis6-9.

The Vascular Extracellular and Restricted Diffusion for Cytometry in Tumours (VERDICT)-MRI framework uses a diffusion-weighted
protocol and a biophysical tumour model to explain the diffusion signal10. Specifically, the intra-cellular volume fraction (fIC) parameter
estimate from VERDICT demonstrates superior discrimination of clinically significant (cs) PCa compared to ADC maps from mpMRI 11-13
and offers improved identification of false positive lesions 14. Ex vivo validation studies reveal that regions with high fIC correspond to
elevated histological cell density 15.

Here we analyse the relationship of in vivo VERDICT fIC with epithelial cell density maps obtained from prostatectomy histological
specimens and compare against ADC. We employ personalized 3D-printed moulds of the prostate to obtain slice-to-slice
correspondence between whole-mount histology slices from prostatectomy and corresponding in vivo VERDICT-MRI.

Methods:

Patient data. We analyse six patients from the Histo-MRI clinical trial (NCT04792138), where men suspected of PCa undergo mpMRI and
VERDICT-MRI16. Images are acquired using a 3T scanner (Achieva, Ingenia; Philips Healthcare; Best; The Netherlands) and the pre-
operative prostate MRl is used to 3D print personalised moulds. The prostate is placed in the mould, where guides are placed to aid the
sectioning 17 . This ensures slice-to-slice correspondence between MR and histology images.

The sample presented correspond to patients with average age 64.5 +/- 5 years, PSA levels 9.5+/- 6 ng/mL and Gleason grades 3+4
(n=4), 3+4+5 (n=1) and 4+3 (n=1). Expert radiologists and histopathologists annotate cancerous regions of interest (ROIs) on the MRI
(ADC from mpMRI and VERDICT fIC) and histology, respectively.

Epithelial cell density maps from histology. We use a custom pipeline (using QuPath software 18) to derive cell density maps from whole-
mount histology, using a patch-based approach. We segment and count the number of nuclei in each 0.216 micro-meter2 patch. We
segment the patches into stroma, lumen and epithelial tissue using a semiautomatic method (with Image Pro Premier (Media
Cybernetics)19) as in 20-23. We weigh the cell density by the proportion of epithelial tissue.

Results:

Figure 1 shows a representative example of the derived parameter maps from histology, including the cell density, epithelial fraction, and
epithelial cell density.

Figure 2 displays the benign and cancerous ROls segmented in corresponding fIC and histological cell density maps. The images are
horizontally flipped since they have not been aligned.

Figure 3 shows the resulting correlation plots between parameter maps from MRI (ADC and fIC) and histology (cell density, epithelial
fraction, and epithelial cell density) using six samples. fIC is more strongly correlated to all histologically derived maps than ADC. fIC is
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positively correlated to cell density, epithelial fraction, and epithelial cell density (r=0.6456,0.7769,0.6371) and ADC is negatively
correlated (r=-0.3824,-0.6922,-0.4477). In both cases, the MR-derived maps correlate best with epithelial fraction.

Discussion & Conclusions:

This work presents a comparison of in vivo fIC maps from VERDICT-MRI and mpMRI ADC maps with corresponding histology parameter
maps. Results show higher correlation between cell density and epithelial fraction with fIC (r=0.7769) than ADC (r=-0.6922) maps.

We obtain lower correlation between ADC and cell density than previous studies6-9, possibly due to the small number of samples we
use. We find that both ADC and fIC correlate better with epithelial fraction than cell density or epithelial cell density. This is concordant
with histological changes in the prostate during the progression of adenocarcinoma, the most common type of prostate cancer, which is
characterised by proliferation of epithelial cells24,25.

This in vivo analysis of VERDICT fIC maps shows that the fIC compartment of the VERDICT model captures the contribution of epithelial
cells in the prostate. It also shows that fIC is more specific to changes in epithelium than ADC. Future work will analyse more samples for
statistical analysis and incorporate patch-by-patch analysis to better quantify the relationship between fIC and histologically derived
measures.
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Example of derived histological maps from histology. The epithelium cell density is obtained by weighing the cell density with the epithelial tissue
fraction.

Figure 2
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Example of corresponding ROls in a fIC map from VERDICT-MRI and cell density map from histology. The images are not aligned - they differ by
horizontal flipping.

Figure 3
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Correlations between average fIC/ADC values and histologically derived parameters in selected benign and cancerous ROls. 95% confidence
intervals are drawn in blue. R: Pearson's correlation coefficient.



