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• Multiple sclerosis (MS) is an inflammatory and 
demyelinating autoimmune disease of the central 
nervous system

• Symptoms include
• Muscle weakness
• Tremor
• Neuropathy
• Cognitive issues

• Third most common cause of disability in U.S. among 
individuals aged 15 to 50 (>2.8 million worldwide)

Background

Multiple sclerosis - Symptoms and causes. Mayo Clinic
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• Slow progression of relapsing MS through 
immunosuppressive drugs

• Moderate efficacy
• beta-interferons
• glatiramer acetate

• High efficacy
• alemtuzumab
• natalizumab
• ocrelizumab

• Tradeoff between efficacy and adverse drug effects 
(ADEs)

Disease-modifying Therapy (DMT)
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• Build ADE risk score prediction models for FDA-approved MS drugs 
using time series of EHR OMOP concepts

• Append interpretation layer at end of models

Study Aims

Condition
Drug Abnormal

Measurement

How should 
models represent 
OMOP concepts?

Graph 
Embeddings

Index DMT
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• Integrate ontologies into a combined knowledge graph (KG) with OMOP 
vocabulary as backbone

• Each node is a standard OMOP concept

 

Representing Concepts in a Graph

OMOP Vocab
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• 12,676 nodes
• 186,494 edges
• 6 edge types (and 

inverses)

Representing Concepts in a Graph
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• Graph Convolution Network (GCN) learns 
embedding representations of nodes via link 
prediction task

• “Similar” nodes have “similar” representations

Graph Embeddings



9

• Embeddings of concepts with similar 
relationships group  up following trainingGraph Embeddings
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ADE Prediction LSTM Model

Embedding Layer

• Trained on 11,589 
DMT drug 
exposure 
sequences from 
CUIMC OMOP 
instance

• 56 adverse effect 
types were 
predicted
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Interpretation with KG-LIME
• Modified the Local Interpretable Model-Agnostic 

Explanations (LIME) framework to utilize Knowledge 
Graph
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• Mean AUC across all 
adverse effects was 
0.77 ± 0.15

• Adverse effects 
dealing with low blood 
cell counts were 
among highest 
performing

ADE Prediction Results

* Remaining adverse effects not shown
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KG-LIME Individual Explanations PMH is often strong predictor 

MS DMT appears 
with signal
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KG-LIME Global Explanations

• Recent concepts have 

strongest influence

• MS DMT is often important, 

follows literature
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• Ontology-derived graph embeddings can be used for ADE 
prediction

• KG-LIME can provide feature importances
• Limitations

• Arbitrary time window of 12 months
• Extremely rare events were not able to be predicted
• Gaps in EHR record (e.g. patients receiving care 

elsewhere)

Conclusion
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