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Outline

= Story 1: Collaborative, Multidisciplinary Evaluation of
Cancer Variants Through Virtual Molecular Tumor

Boards

" Facilitators & Barriers for deploying genomics-based clinical
informatics resources

= Story 2: Automatic extraction of Clinical genomic
evidence for variant interpretation using Natural

Language Processing and Machine Learning

" |dentify research needed to improve how genomic-based clinical
informatics resources impact the patient and clinician decision-making
processes

Georgetown University Medical Center



Case_Study

* A 52 vyear old Caucasian male with
locally advanced Stage IV pancreatic
adenocarcinoma with possible lung
metastases

* Progressed on Gemcitabine and nab-
paclitaxel with a later addition of
Erlotinib

* Multi-panel genomic testing lab
identified 4 difficult to target
mutations - KRAS, p53, CDKN2A,and
SMAD4

 Curation and Informatic review
identified a possible pathogenic VUS in
KDR/VEGFR2

RNC DI Georgetown University Medical Center




Case Study
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4 O .O Ligand independent constitutive

phosphorylation leading
to excessive MAPK/PI3K/AKT/mTOR and

VEGFR2 ANGIOGENIC ACTIVITY

o
Multiple TKIs block anti-VEGFR2 activity both off

label and in clinical trials including sorafenib,
regorafenib, sunitinib, axitinib, cabozantinib,
ponatinib

Extracellular

.
NCl-sponsored Sorafenib trial
Gene expression Nitric Oxide Cell "
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>1500 patients over 300 hospitals across the US

Regina @
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Know Your Tumor Program, Pishvaian et al., CCR, 2018  Georgetown University Medical Center



Al-based Virtual Molecular Tumor Board

-

O Multi-Omic Molecular Profiles

Genomics, Proteomics, &
) Phosphoproteomics Data VTB Knowledgebase

Automated Therapy Matching &

Clinical Trial Filtering/Prioritization

Patient Clinical Data
Past Medical History
Treatment History

Final Report

Ranked Therapy Options . .
} : . : .. VTB Medical Review Panel
Delivered to Patient’'s Treating Physician Expert Oncologists Discuss Case

Standard Off Label Clinical in Real-Time & Personalize
Therapies Drugs Trials Treatment Recommendations

Real-World Outcomes Collection
Followup with Doctor/Patient to
Improve Future Recommendations

PanCAN Know Your Tumor Program

Pishvaian et al., JAMIA Open, December 2019  Georgetown University Medical Center



KYT Program Information Engineering

4+ Years Published Data Collected, Extracted, Structured
* 4,000+ Rules for Treatment implications

Clinical Trials Database
1,300+ Clinical Trials

Patient Database Published Literature Database

e Patient Multi-omic Profile * 1,400+ publications collected, extracted, structured
e Patient Demographics

* Patient Treatment History - Guidelines Database

Patient Outcomes Database Published Multi-omic Database

E . NGS DNA

Drugs Database E ) I;IGS RNA He

e 700+ Drugs roteomic
Approved DSH Bhocohorylat
Off Label roteomic Phosphorylation

NCE’s in Clinical Trials * Germline DNA Sequencing

Variants Database Published Outcomes Database

e 1,700+ with Actionability chtinuouSW Monitored

Real-time Updating
Credit: Perthera Inc.



Collaborative, Multidisciplinary Evaluation of Cancer Variants Through
Virtual Molecular Tumor Boards Informs Local Clinical Practices

Physician orders NGS Select patient cases de-
. Local experts : e
test; data analyzed, ; : identified and prepared
: : discuss patient : :
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Barriers and Opportunities

Lot of manual curation and data integration
Need for consensus in variant interpretation

Too many knowledgebases — onerous for clinicians
and Phase 1 clinical trialists

Lack of resources for curators creating one-off
solutions

Need more uptake by clinical researchers (training)



Members : Academia, Industry, ACMG, AMP, CAP, GA4GH, NIH, FDA

"W AMP, Austin TX, October 2015 =%

AACR, New Orleans LA, April 2016

Hackathon, Scripps Research Institute,
Oct, 2019
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Minimum Variant Level Data

Somatic cancer variant curation and harmonization through
consensus minimum variant level data

Deborah I. Ritter ™, Sameek RoychowdhuryJr Angshumoy Roy Shruti Rao, Melissaj Landrum, Dmitriy Sonkin,

on behalf of the CllnGen Somatic Cancer Worklng Group

T Contributed equally

Genome Medicine 2016 8:117 | DOI: 10.1186/s13073-016-0367-z | © The Author(s). 2016
Received: 16 July 2016 | Accepted: 13 October 2016 | Published: 4 November 2016

27364 downloads on Genome Medicine
Top 5% of all articles by Altametrics

§ |Cb| Ritter et al., Genome Medicine, December, 2016 Georgetown University Medical Center



GA4GH Driver Project: A harmonized meta-knowledgebase of
somatic clinical interpretations of cancer genomic variants

Variant Interpretation Knowledgebases

2o 2" 0)ee. CANCER GENOME @:Rym \/.XCKB & MolecularMmalch O“CKB

B &= [] ® @ O ® o O B 8 ] @ @ O Gene
o & O @ = oh o 4 5o Q@ < or Q@ =P Variant
= O - qp + @ - @ ® ® --- 0 B < --- 8 = O - ] Disease
0 ] O o O O = & ] B B ] Drugs
°F a9 or & 9 ar = & aF AR o AL o Evidence
1 2 . N, 1 2 . n, 1 2 . n, 1 2 . n, 1 2 n
*information available only in free-form text O Reference-linked
. . e [] Standardized
Harmonization ’ \\<—|_ Query: BRAF V600E q g Eesourc.e-esdpecific
armoniz
Results
Level A 4 Interpretations Level B 13 Interpretations

Skin Melanoma, Predicts Sensitivity,
Vemurafenib

. R S S SR e W e s e e el

Level C 8 Interpretations
Skin Melanoma, Predicts Sensitivity,
Trametinib + Dabrafenib (Combination)
Colorectal Cancer, Poor Prognosis Level D 20 Interpretations

/s NSCLC, Predicts Sensitivity,
Dabrafenib + Trametinib (Combination)

2 |Cb| Wagner et al., Nature Genetics, April 2020 Georgetown University Medical Center



N-of-1 to all patients with advanced cancers

* Need to scale for all patients
with cancer

* Infrastructure must allow for
multi-omic analysis to assess
trial eligibility

* Harmonized knowledgebases
of curated evidence must be
readily available and updated

to keep up with evolving
sclence

RNC DI Georgetown University Medical Center




Story 2

Automatic extraction of Clinical genomic evidence for
variant interpretation using Natural Language Processing
and Machine Learning

Georgetown University Medical Center



Limitations of Bio- ﬂd Health- NLP Tools

Mostly Rule-based
Domain-specific
Abstract-based

RNC o) https://healthinformatics.georgetown.edu/ Georgetown University Medical Center



Goal: Improve and Automate Relationship Extraction

Machine learning approach
Learning from “less” annotated data

Extend relation extraction to cover germline mutations
Extract information from the literature to support variant pathogenicity
curation in ClinGen based on ACMG guidelines for sequence variant

Interpretation.

Extend processing to full-text, tables, figures, supplementary information.

RNC o) https://healthinformatics.georgetown.edu/ Georgetown University Medical Center



Learning form “Less Data”

Use annotations in existing knowledge bases (CIVIC, ClinGen,
Hypotheses, Clinvar) as gold/training set for ML models.

Problem: Small size of training set -- Less Data

Solution: Distant Supervision, Semantic Abstraction

RNC o) https://healthinformatics.georgetown.edu/ Georgetown University Medical Center



Semantic Abstraction

Abstract away from textual and syntactic variations.

Extended Dependency Graph: unified representation (BioNLP
2015)

Explore Extended Dependency Graph (EDG) with the shortest
dependency path as feature representation.

———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

Desmin mutation [association] idiopathicdilated
cardiomyopathy

...........................................................................................................................................................

Desmin mutation is associated with idiopathicdilated cardiomyopathy.



MACE2K Informatics Infrastructure (Proof of Concept)

Expert [u hypothes.is W, )

Curators Variant Interpretation
Curation Curated Gold Data

' Curation Web
‘i Portal Expert Curation <Variant, Gene,
Feedback Disease, Evidence Sentence>

Inter-Annotator

@j \_ Consensus
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Access Articles

Aim 1.1: Annotation Protocol
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https://healthinformatics.georgetown.edu/ Georgetown University Medical Center
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One-year Masters Program

Health Informatics & Data Science
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OFFICE OF HEALTH INFORMATICS AND DATA SCIENCE

Master’s Degree
Health Informatics & Data Science

T he Master's in Health Informatics & Da-

ta Science (HIDS) at Georgetown Umniversity
15 an industry-driven, career-ready program
focused on current and emerging technologies
that will inform healthcare. The program of-
fers students access to Georgetown's distin-
guished faculty and unique opportunities in
the nation’s capital Students will gain core
competency in data science, big data analytics,
digital ethics, araficial intelligence and ma-
chine learming applications to inform health
outcomes and reduce costs. Our goal is to de-
velop responsible leaders in health data sc-
ence and medical informatics with rewarding

careers in industry, government or acaderma

For more information, visit

https:/ /healthinformatics. georgetown.edu/

PROGERAM LEADFERSHIFP
Subha Madhavan, Ph.D., FACMI
Director, M.5S HIDS

Adil Alaoui, M.S, MBA.
Director, Industry Capstone Program

Yuriy Gusev, Ph.D.
Curriculum Director

Shruti Rao, NLS, MEA
Program Coordinator

PROGRAM FEATURES

12 month
accelerated program

32 credits
Full-time or part-time

Final capstone project with

industry partners or

government agencies

Y GEORGETOWN UNIVERSITY

:i[ele]

' Riomedical Graduate Education

Health

THF INRMUATY N FTUTEE 55 RCSRIFNACE sl INrnesanre

OFFICE OF HEALTH INFORMATICS AND DATA SCIENCE

Master’s Degree
Informatics & Data Science

The program includes comprehensive coursework, hands-on projects and a

mandatory Capstone Project that is the culmination of the student’s course-

work and experience at Georgetown University. Students will work with a

host organization and an academic mentor to critically analyze a real world

problem, design, conceptualize and implement a solution that apples the

bt esbtsbn b rmatics pargeren et NOWledge and skalls acquired during the Masters program.

Data Science &

Health Informartics
fundamentals (HIDS

502)

Utilizing Data in
Flectronic Medical
Records (HIDS-5035)

Fvidence based darta

health (HIDS-504"

* Introduction to Health

Analvtics (HIDS-501)

analysis in population

* Nassive Data
Fundamentals (ANLY-
502)

* Human Factor

Frecision Medicine

Informarics: MollDx,

high throughput omics

and analytics (HIDS- Imaging Informatics

505) (HIDS-509)

Engineering, Usability
and Safety (HIDS-508)

Al for health
applications (HIDS-308)

Mandatory Capstone
(HIDS-510)

* Digital Health
Applications (HIDS-507)

INDUSTRY & GOVERNMENT ADVISORY PANEL. APPLICATION CHECEKLIST

* Sage Bionetworks

¢ Indivumed Group
« ESAC * Argentys

s 4-vear Bachelor's degree

WE ARE NOW ACCEFPTING APPLICATIONS
FOR FALL zo019 ADMISSION
Application Deadline: July 1st, 2019
For further information visit:

Website: https://healthinformatics. georgetown edu/
Email: hids(@georgetown.edu
Phone: +1 (202) 687 1093

« FDA

* Deloitte

* Flatiron Health

« COTA

* Syapse

* TrinetX

« INOVA

* MedStar Institute for
Innovation (Ml2)

¢ Cerner Corporation

« CVS Health

« Pw(C

¢ Open Source Electronic
Health Record Alliance
(OSEHRA)

» RadAmerica

e LexisNexis

* Assymetnk

https://healthinformatics.georgetown.edu/

Georgetown University Medical Center

* Grade point average of 3.0 or higher
» Official transcripts

* 2 Jetters of recommendation

* Academic Statement of Purpose

o Interview with faculty

* Non-refundable application fee

« TOEFL/IELTS Score (if applicable)
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ClinGen & MACE2K Collaborators

Funding: NIH U01 HG007437

ClinGen: A Knowledge Base for
Clinically Relevant Genes and
Variants
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ICBI Center Core Team Members

e http://icbi.eeorgetown.edu

* ichi@georgetown.edu
e https://icbi.github.io

* @I|CBI Georgetown

e https://healthdatascience.blogspot.

com/

RNC DI Georgetown University Medical Center
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