Prediction of HD-related Clinical Outcome Progression and Imaging arkers

using Al-based Digital Twins

OBJECTIVE RESULTS

o .. _ Table 1. Performance of Digital Twins, both with and without including
» To forecast individual-level cognitive and motor progression rates gene expression data, to discriminate between ISS stage 0 vs 1, in

and identify faster progressing patients comparison with a simple model based on TMS and SDMT scores

» To prospectively identify individuals likely to have neuroimaging AUC discriminating ISS stage 0 vs 1
atrophy sufficient to be classified as ISS stage 1 before MRIs (95% confidence interval)

2024 HDTC
Ha4

Pahriya Ashrap, So-Youn Shin, Jeanne Latourelle
Aitia, Somerville, MA, USA

FOUNDATION

DATA AND METHODS - DigitalTwins 1y and SDMT
scores measured

w/ including w/o including

h TRACKKD ) gene expr. gene expr. at baseline

S In-sample
Validation Set In-sampl 0.794 0.788 0.687
Discovery Set (Left-out) PO (0.649-0.940)  (0.643-0.933) (0.526-0.848)
w/o Gene EXxpr. . 0.750 0.800
GV median (0.3499-1.000)  (0.408-1.000)) '
Control: N=19 o St ook Left-out sample ] 0.720 0.643
N=120 — Iss1: N=21 IScovery e N=266 — IsS1: N=45 oo (0.603-0.837) (0.519-0.768)
ISS 2: N=24 | I G E ISS 2: N=26 ISS 1: N=45
_1SS3: N=34 wio ene &xpr. | 1SS3: N=39
\ \ \ N N N N N \ » The Digital Twins are able to predict patients who have reached
kol | Il | Bt ool | il IS oois || oo || oo stage 1 in the absence of MRI data, more effectively than current
\ — NER — = |3 —_— TMS and SDMT scores.
e |[ MRt || Cincal Somaes || MR || cirica “eonm || MR || cinia » Notably, the neurofilament light chain protein (NfL) biomarker
A ) b \ \ \ ) A ) emerged as the most robust individual predictor of atrophy,

highlighting its pivotal role.
* The 0 to 1 ISS stage transition can be better predicted by the

HD Digital Twins

< o T Digital Twin (higher AUC) than by TMS and SDMT at baseline, as
* An ensemble of 128 Bayesian network models with representations of : : : fi
27,800 variables by Aitia’s Al platform, REFS™ disease that capture eXpeCted However’ the d.lﬁ:erenCe in AUCs was n_Ot _StatIStlca”y
. Metropolis-Hastings Markov Chain Monte Carlo = (RS, genetic and molecular signiticant (at a=0.05) which might be due to the limited sample
algorithm and simulated annealing techniques applied ey causally drive clinical SlZe.
. TMS annual change, SDMT annual change, caudate  © + fi i f it a"‘:physmmg'ca’ T . D g . .
outcomes.  Discriminative performance did not significantly differ (at a=0.05)

volume and ISS stages investigated

between predictions using all available data modalities
(AUC=0.794) and those excluding gene expression information

_ (AUC=0.788).
Post-model Analysis
* In-sample (discovery), 5-fold cross validation, and Figure 2. ISS stage 0 vs 1 discriminative performance across Digital
ggtr;g‘;f]z:f;e (left-out validation) predictive Predicted Twins, both with and without including gene expression data, showed a
. R2 and 95% confidence interval for continuous Actual+.- i similar trend in both in-sample and left-out samples.
measures (motor and cognitive annual change) ) e AUC of ISS Stage 0 vs 1 Discrimination
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measures (ISS stage O vs 1) o
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Figure 1. Performance of Digital Twins to predict TMS and SDMT = 9 -
progression both with and without use of gene expression data were g —
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"Insample ®CVmedian M Leftout ®insample ®CVmedian M Leftout » This study underscores the robustness of the Digital Twin approach
and demonstrates that strong predictive performance can be
* The Digital Twins demonstrated strong predictive performance sustained in the absence of RNA expression data and in the early
for annual changes in TMS and SDMT, with in-sample R? values stages of the disease.
ranging from 0.505 to Oé539- Cross-validation indicated a > The use of Digital Twins for efficient identification of stage 1
marginal decrease in R (~0.1 on average). patients without incurring the cost of imaging or RNA profiling
» Exclusion of gene expression did not yield significant represents a notable advancement.
differences in predictive performance (a=0.05). > in silico patient models capable of identifying fast-progressing
* Models without gene expression were validated in independent patients and those likely to be at ISS stage 1 hold significant

left-out samples and exhibited comparable performance trends. promise.



