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Patient Electronic Medical
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Evaluating and comparing drug repositioning
approaches that use unsupervised learning and patient
data from electronic medical records against supervised

learning with known drug-disease relationship.

Chaorui Zhang

Anna Goldenberg Brandon Rufino
ACADEMIC SUPERVISOR INDUSTRY SUPERVISOR

Closeness to Pathway

') Patient (99 Clust Indicati Validation on autoimmune cohorts
[lJ.’ atien \ uster naication
1.0 4
Build target pathway Cluster similar Generate long list of indications Quantify relative strength of
patient cohort with RWD . patients . potentially linked to target pathway each indication in long list
RWD > oooooooo rt upervi machine Top asse Indications from Indications ranked based on
~100M+ learning clusters top clusters proximity to several “referentials”! . 0.8
. Indication .5
*] '-J [l;ll --._ o r'l - |"’\\ Y~ I‘l ~.-::| ¥ II:|J|: IEIJ .;:"| o .. 8 .E - 7
[MJ » | x < Q &/ N N D@ Largest, . i hIL aal o9¢ gov < 0.6
2 C? T {4 [L]“ \ U~ A purest and — E
Uu_l )) | < Lﬁ > | [{'}] ] OuU v most stable o
@ ~ K 4 \@ i/ ; clusters e _ ) _ 5
» < . ¢ ol o0 00, o0 Z o,
\/<'\ ﬁ __./ ,_s‘-. D R \ - LJ'} I I _O
C/ .;”@ ) — T
I T o i~ %
¥ 02
( —— Two_Layer_Network | AUC 0.89
¢ Cohort creation using | * 500 clusters * Long list of indications identified * Indications ranked based on | —— SPPMI-SVD | AUC 0.74
anchor indications showing in pathway-relevant clusters co-clustering with referential ! CTP | AUC 0.59
underlying 0.0 '
subpopulations 0.0 0.2 0.4 0.6 0.8 1.0
Fraction of Indications Recommended
1 A group of patients (defi y e.d. in
sanofi

Drug repositioning involves identifying unaddressed diseases for existing and new therapeutics,
nelping subject matter experts narrow their options from hundreds of disease candidates to a

nandful. Computational approaches involve the use of similarity measures from different modalities
(e.g., genetics, side-effects, chemical structures) to infer on new drug-disease relationships based
on existing knowledge. These approaches, however, may suffer in inferring diseases for
first-in-class therapeutics because a lack of drug-disease relationship is treated implicitly as a
negative one. Electronic medical records (EMRSs) capture information from a wide range of patients
with varying demographics, co-morbidities, and genetic backgrounds. This diversity can help
identify unexpected drug-disease relationships that might not be evident from known similarities
alone. In this work, we present computational drug repositioning approaches using real-world data
and unsupervised learning. First, we designed an algorithm called ‘Closeness to Pathway (CTP)
based on patients’ EMRs and claims. CTP aims to provide diseases to pursue based on the
hypothesis that phenotypical similarity is a proxy for underlying disease mechanism. Given a cohort
of patients with their medical records in a therapeutic area, CTP derives patient features, clusters
patients with similar phenotypes and produces a ranked list of diseases that are most prevalent in
clusters with the target pathway. Second, we adopted an approach called ‘shifted pairwise positive
mutual information - singular value decomposition’ (SPPMI-SVD) which incorporates locality of
EMR events for deriving feature embeddings to use downstream for disease embedding
comparison. Lastly, we provided a benchmark following traditional approaches trained on existing
drug-disease relationships called ‘two-layer heterogeneous network’. We evaluated the

performance of all three algorithms by constructing validation sets in immunology, inflammatory and
oncology cohorts using the Unified Medical Language System (UMLS). We found the two-layer
heterogenous network outperformed our unsupervised approaches in overall accuracy. However,
CTP and SPPMI-SVD were able to correctly identify diseases where limited evidence of drug class
to therapeutic area was observed whereas the two-layer heterogeneous network struggled. This
work presents opportunities to integrate real-world data with popular computational approaches in

drug repurposing.
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