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Abstract
Objective

The aim of this project was to create time-aware, individual-level risk score
models for adverse drug events related to multiple sclerosis disease-modifying
therapy and to provide interpretable explanations for model prediction
behavior.

Materials and Methods

We used temporal sequences of observational medical outcomes partnership
common data model (OMOP CDM) concepts derived from an electronic health
record as model features. Each concept was assigned an embedding
representation that was learned from a graph convolution network trained on a
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Background

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

Central
nervous system

Damaged
myelin sheath

¢ Symptoms include
 Muscle weakness
* Tremor s
* Neuropathy ooweBon
« Cognitive issues

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

Nerve affected by MS

Multiple sclerosis - Symptoms and causes. Mayo Clinic
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Disease-modifying Therapy (DMT)

« Slow progression of relapsing MS through
immunosuppressive drugs

BETASERON®
(interferon beta-1b)

« Moderate efficacy
0.3 mg for SC injection

* Dbeta-interferons
« glatiramer acetate

« High efficacy
 alemtuzumab _—
 natalizumab foRYT s I
e FYSABRI

« ocrelizumab

« Tradeoff between efficacy and adverse drug effects (nOTO‘ | ZUMAQ b)
(ADEs)
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Study Aims

 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

< Variable > «——— 12months ——>»
@PEFLUL® .@E DS O model represent
' ?
% E " ; / l e ) OMOP concepts*
/ \ Observation Window / Prediction Window CE;rI;Ialfehddings
Drug Abnormal Index DMT |

Condition Measurement
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Representing Concepts in a Graph

 Integrate ontologies into a combined knowledge graph (KG) with OMOP

vocabulary as backbone
Each node is a standard OMOP concept

OMOP Vocab
tatonetti-lab/
onsides | ) f DrugCenotng:gLE anpgdgmi
0m ww v o

Issues Stars Forks

|

monarch-initiative/
loinc2hpo @@

library to map LOINC-encoded test results 1o
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Representing Concepts in a Graph
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Glucose in ) I = / Disorder of
Serum of amcr':.":d ?:‘ms is a—» Endocrine
on -\ \_ System
has indication
// -
. . | has adverse
insulin ‘)— effect —HHypokalemia

has ate associated with low
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(b) Insulin Subgraph

12,676 nodes
186,494 edges

6 edge types (and
inverses)



Graph Embeddings

Graph Link
Graph Convolutional Prediction
Network Layers Task
N R e O
* Graph Convolution Network (GCN) learns
*>—¢ embedding representations of nodes via link
oo prediction task
1 *—o « “Similar’” nodes have “similar’ representations

Extract Embeddings

05 1.4 -22
1.3 -1.6 0.1
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ra h E m b e d d i n S +  Embeddings of concepts with similar
p g relationships group up following training
UMAP Projects (natalizumab, 2 hops) UMAP Projects (natalizumab, 2 hops)
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ADE Prediction LSTM Model

 Trained on 11,589

@2 COLUMBIA

days back_t=0

days back_t=1
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>
days back_t=N

Piecewise Linear Calibrated Layer DMT drug
1 exposure
Softmax Layer sequences from
1 CUIMC OMOP
Linear Layer .
i Instance
STV Layer « 56 adverse effect
A 5 0 types were
LSTM Layer predicted
A A 7 )
Embedding Layer, Socking te0 embedding_t=1 embedding_t=N
lookup embedding lookup embedding lookup embedding
standardize days back standardize days back standardizei days back
concept id_t=0 concept id_t=1 concept id_t=N




Interpretation with KG-LIME

* Modified the Local Interpretable Model-Agnostic

Explanations (LIME) framework to utilize Knowledge
Graph

Original Sequence

FOLEE@® QY — @
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Feature Importance
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ADE Prediction Results

Adverse effect AUC % AUC- Sensitivity Sensitivity Sensitivity Precision Precision Precision Brier

Positive PR at 90% at 70% at 50% at 90% at 70% at 50% score

specificity  specificity specificity recall recall recall

Neutropenia 0.98 6.8 0.86 0.98 0.98 0.99 0.68 0.84 0.93 0.02 ° M ean AU C across al |
Sepsis 0.9 5 0.51 0.95 0.98 1 0.37 0.52 0.6 0.03 adve rse effeCtS WaS
Leukopenia 0.95 6.5 0.72 0.92 0.94 0.96 0.5 0.62 0.79 0.03
Anemia 0.95 131 0.82 0.84 0.93 0.96 0.42 0.86 0.86 0.04 O " 77 - O " 1 5
Thrombocytopenia 0.94 6.7 0.74 0.88 0.91 0.94 0.33 0.75 0.88 0.03 ° Ad V e I'S e eﬁ.‘e CtS
Pneumonia 0.94 49 0.5 0.83 0.9 0.93 0.24 0.43 0.59 0.03 d I R _th I bI d
Hypertension 0.93 16.9 0.82 0.85 0.93 0.95 0.6 0.78 0.89 0.08 g

Pruritus 092 29 051 077 0.89 0.92 0.1 0.41 053 0.02 Ce” cou ntS were
Pyrexia 091 46 07 084 0.89 0.92 0.21 0.6 0.86 0.03 am Ong hlgheSt

Vomiting 091 3.6 0.5 0.81 0.93 0.95 0.15 0.27 0.6 0.03 rf .
Bronchitis 0.9 1.7 0.17 0.75 0.78 0.84 0.06 0.13 0.19 0.02 pe O rm I n g
Diarrhea 0.9 4.6 0.43 0.76 0.86 0.94 0.12 0.36 0.51 0.03

Urinary tract 0.9 6.7 0.52 0.7 0.88 0.94 0.16 0.33 0.45 0.04

infection

Insomnia 0.89 4.8 0.42 0.69 0.91 0.95 0.13 0.25 0.53 0.03

Rash 0.88 5.3 0.45 0.78 0.86 0.93 0.11 0.44 0.51 0.04

Nausea 0.88 4.8 0.37 0.68 0.9 0.95 0.15 0.25 0.32 0.04

Influenza 0.87 0.5 0.03 0.48 0.61 0.72 0.01 0.02 0.02 0.01

* Remaining adverse effects not shown
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KG-LIME Individual Explanations

Upper respiratory tract infection (risk score=0.74)

%)

Leukopenia (risk score=0.97)

lorazepam (t - 0 days)

trimethoprim (t - 1 days)

Acute myeloid leukemia, disease (t - 331 days).

Leukocytes [#/volume] in Blood by Automated count (t - 605 days)|

Calcium [Mass/volume] in Serum or Plasma (t - 0 days):

mitoxantrone (t - 0 days)|

Acute myeloid leukemia, disease (t - 289 days)

Acute myeloid leukemia, disease (t - 610 days)’

Lymphocytes/100 leukocytes in Blood (t - 765 days)

Glucose [Mass/volume] in Serum or Plasma (t - 0 days)

o
o
o
[}
o
=
o
-
[}

risk score

Urinary tract infection (risk score=0.82)

Urinary tract infectious disease (t - 148 days)

Urinary tract infectious disease (t - 247 days)

Urinary tract infectious disease (t - 9 days)

esomeprazole (t - 0 days)-
Neck pain (t - 52 days).
Pleurisy (t - 7 days).

Leukocytes [#/volume] in Blood by Automated count (t - 2 days).
Sodium [Moles/volume] in Serum or Plasma (t - 0 days).
fentanyl (t - 7 days).

Depressive disorder (t - 182 days).

0 0.1 0.2 0.3

risk score
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PMH is often strong predictor

Acute upper respiratory infection (t - 144 days)
Glucose [Mass/volume] in Serum or Plasma (t - 0 days)-
alemtuzumab (t - 0 days).
Platelets [#/volume] in Blood (t - 1 days).
Seizure (t- 6 days).
acetaminophen (t - 119 days).

Fever (t- 119 days).

Variant lymphocytes/100 leukocytes in Blood by Manual count (t - 2 days).

Sickle cell-hemoglobin SS disease (t - 3 days)l

Hemoglobin SS disease with crisis (t - 214 days)l

0 0.2 0.4 0.6

Pneumonia (risk score=0.73)

alemtuzumab (t - 0 days)

Leukocytes [#/volume] in Urine (t - 1 days)

Bilirubin.direct [Mass/volume] in Serum or Plasma (t - 0 days)
Neutrophils/100 leukocytes in Blood by Automated count (t - 0 days)
Urate [Mass/volume] in Serum or Plasma (t - 0 days)-

Glucose [Mass/volume] in Blood (t - 3 days)-

Glucose [Mass/volume] in Capillary blood by Glucometer (t - 1 days)-

MS DMT appears
with signal

Erythrocytes [#/area] in Urine sediment by Microscopy high power field (t - 1 days)-

Phosphate [Mass/volume] in Serum or Plasma (t - 0 days).-
0 0.1

0.2 0.3

risk score




KG-LIME Global Explanations

Summed Feature Importances (Leukopenia, risk score >=0.2)

Summed Feature Importance

Summed Feature Importance

Concept

(a) Leukopenia

Summed Feature Importances (Urinary tract infection, risk score >=0.2)

Summed Feature Importance

Summed Feature Importance

Summed Feature Importances by Time Bin (Leukopenia, risk score >=0.2)

50

40

30

20

10

MS DMT

0-7 days

7 days-6mo

Concept

cytarabine

busulfan

mitoxantrone

epinephrine

Platelets [#/volume] in Blood
alemtuzumab

Malignant lymphoma
fludarabine

Glucose [Mass/volume] in Serum or Plasma
meperidine

Acute myeloid leukemia, disease
Crohn's disease

Cataract

Dyspnea

Thrombocytopenic disorder

I
Anemia

6mo-1yr 1yr-3yr >3yr
Period Back

(b) Leukopenia Over Time

Summed Feature Importances by Time Bin (Urinary tract infection, risk score >=0.2)

Concept
MW Urinary tract infectious disease
M Leukocytes [#/volume] in Urine
W Glucose [Mass/volume] in Blood
natalizumab
Leukocytes [#/area] in Urine sediment by Microscopy high power field
Glucose [Mass/volume] in Serum or Plasma
Multiple sclerosis
baclofen
Glucose [Mass/volume] in Capillary blood by Glucometer
sodium chloride
Complication of pregnancy, childbirth and/or puerperium
Malaise
riboflavin
Leukocytes [#/volume] in Blood by Automated count
trimethoprim
methylprednisolone

Monocytes/100 leukocytes in Blood by Automated count

Recent concepts have

strongest influence

MS DMT is often important,

follows literature

® #
-

15

10

I

5

0 Atrophic vaginitis
0-7 days 7 days-6mo  6mo-1yr 1yr-3yr >3yr

Period Back

Concept

(c) Urinary Tract Infection (d) Urinary Tract Infection Over Time
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Conclusion

« 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)
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