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Introduction Vascular Extracellular and Restricted DIffusion for Cytometry in tumours (VERDICT) uses a three- Table 1. Diffusion MRI protocol details
compartment model to characterise diffusion in the vascular, extracellular-extravascular space (EES) and intracellular (IC) or VERDICT analysis
compartmentsin tumours®. Previous studies use VERDICT with long imaging protocols for microstructural tumour b"a'“ez ASms TE |G| T/m
characterisation of colorectal xenograft models' and human prostate®. Clinical adoption of the technique would be made gmm ms
more likely if the scan time requirements could be limited to approximately 10 minutes, 3-4 3000 | 31.6/135 | 65 0.0921
o * times sho_rter than 'th('e cu'rrent experi me?ta! prostate protocol. This WOI’!( usesa _ 2500 | 30.7/126 | 63 0.0910
1 computational optimization framework® with VERDICT to meet the clinical scan duration

that will enable larger clinical trialsto judge suitability for widespread trandation. 2000 | 29.4/113 | 60 | 0.0923

Methods Protocol Optimisation We use the experiment optimisation framework® with the 1500 | 2817100 | 58 0.0919

VERDICT prostate model? to find the measurements that provide the most accurate and
precise parameter estimation within clinical and hardware constraints. The optimisation 1000 | 266/85 | 55 0.0901

produces protocols with 5 measurements (equal to the number of free model parameters) for 800 257/76 | 53 0.0913

3 directions. By minimising the Cramer-Rao-Lower-Bound of the estimates we obtain the
optimal combination of b values and A, 3, |G|, where A is the gradient separation time, § is 400 27/56 | 49 0.0903

Figure 1 VERDICT volume the gradient duration and |G| is the gradient strength. The method is optimised for the 200 222/41 | 46 0.0893

fraction estimates from the configuration of a3T clinical scanner and amaximum b value of 3000 /mm?. 100 21.2/3.1 44 0.0848
FV, CV protocols for 8 Diffusion mode We perform the optimisation for the 5 free parameters of the prostate — -

patients. The CV  has model: fees (EES volume fraction), fic (IC volume fraction), cell radius R, diffusivity Dand | 3000 | 24.7/438 | 90 | 0.0439

significantly different  peaydo-diffusion P. The vascular volume fraction is fyasc=1- fic- fees. 2000 | 132323 | 67 | 00758
(Wilcoxon  matched ~ pairs gy Acquisition protocols We acquire DW-MR images with a Philips Achieva 3T MRI

p=005) eslimates between ', gn0'a nulse-gradient spin-echo sequence and a 32 channel cardiac coil with b valuesof 90- | 1500 | 24.7/434 | 90 | 00311

tissuet the FV.
isuetypesasthe 3000¢/mm? in 3 orthogonal directions. For b<500 the number of averages (Nav)=6, for 500 12.2/31.3 65 0.0415

500<b<1000 Nav=12 and for b>1000 Nav=18 with voxel size=1.3x1.3x5mm, matrix size=176x176, TR=2000ms. Table 1 0 1201238 ) 0.0506

shows the imaging parameters. We normalised the data with a b=0 image for every echo time (TE) to avoid T2 dependence.

Model fitting and regions of interest (ROI) We use a similar iterative optimization procedure to" 2 that accounts for local minima and Rician noise. We fit the model to

areas of normal and cancerous peripheral zone (PZ) tissue before averaging the signal over the whole region. For the 5 volunteers we used healthy PZ.

Evaluation Ideally we would like to compare the full version (FV) protocol with the optimised (Opt) protocol to see which provides the most accurate and precise
parameter estimates. However it was not possible to image
further patients that underwent the FV protocol. The FV
protocol lasts 35 minutes and is indicated by the first 9
rows of Table 1. The Opt protocol is 10 minutes long and
highlighted in blue in Table 1, and in grey we indicate a

Figure 2 Variance for VERDICT estimates from the Fisher | nformation matrix for 5 healthy volunteers using Opt cut-down Ve.rs'o.n () .Of the FV with similar b VaI.U$ o
and CV. The Opt protocol has smaller variance for all the parameters. the Opt, Wh'Ch IS :_LS minutes long. Hence we use i) data
from 8 patients with PZ prostate cancer (Gleason score

3+3 (n=1), 3+4 (n=6) and 4+3 (n=1)) that underwent the FV to compare the CV with the FV, ii) simulations and 5 healthy volunteers to compare the CV with the Opt,
and iii) data from 4 additional patients with radiologically suspicious prostate |esions with the Opt protocol. The fitting with the FV and CV estimates 4 parameters asin
2for comparison: fic, fees, fvasc, R, and with the Opt protocol all 5 parameters.
Simulations. We simulate datawith VERDICT for normal and cancerous tissue using estimates from the 8 patients with SNRox=15, 20, 25. The Opt protocol has longer
TEs compared to the CV, so we calculate the reduced SNR according to: SNRop=SNRcyxexp(-(TEop-TEcv)/T2), using amedian value of T, for PZ tissue of 100ms”.
Results FV-CV comparison: The CV performed similarly to the FV revealing significant differences between the fc, fees of cancer and benign tissue (Fig.1), trends
previously shown in®. There was no significant change in the cell radius. CV-Opt comparison: Simulation results (omitted) showed that the Opt protocol estimated more
accurately the parameters for al SNR levels compared to CV with lower standard deviation. Figure 2 shows the variance for al the parameters from the Fisher
Information matrix for healthy volunteers using Opt and
CV. All estimates with Opt have lower variance than with
CV. Parameter estimation in patients with Opt: Figure 3
presents VERDICT parameters for normal and cancer
suspicious ROIs. There is higher fic and lower fegs in
cancer asin?, but also lower values for cancer than normal
tissuein the P, D coefficients.
Discussion This method provides a clinically feasible

imaging protocol of 10 minutes for prostate microstructure
characterization with VERDICT. Comparison of a CV
version of the original protocol reproduced the findings of the FV in patients with confirmed cancer. Computer simulations and healthy volunteers then showed greater
accuracy of the Opt protocol compared to CV. VERDICT analysis of additional patients with the Opt protocol showed promising results for cancer discrimination by
differences in the estimates f,c fees P, D of suspicious lesions and normal tissue. We note that for the mode fitting the FV and CV protocols required constraints for
stable fitting? whereas the optimisation allowed stable fitting and sensible estimation for all the parameters. Future work will look at a larger patient cohort as well as
histological analysis of the lesions for validation.
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Figure 3VERDICT estimates with the Opt protocol for normal and suspicious for cancer tissue from 4 patients.
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