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§ 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
§ Identify research needed to improve how genomic-based clinical 

informatics resources impact the patient and clinician decision-making 
processes

Outline



• A 52 year 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

Case Study



Ligand independent constitutive 

phosphorylation leading 

to excessive MAPK/PI3K/AKT/mTOR and

ANGIOGENIC ACTIVITY

Multiple TKIs block anti-VEGFR2 activity both off 

label and in clinical trials including sorafenib, 

regorafenib, sunitinib, axitinib, cabozantinib, 

ponatinib

Case Study

“I am working again; travelling; playing squash, golf, 
and hockey; and have gained 20lbs”

NCI-sponsored Sorafenib trial



>1500 patients over 300 hospitals across the US

Know Your Tumor Program, Pishvaian et al., CCR, 2018



AI-based Virtual Molecular Tumor Board

PanCAN Know Your Tumor Program

Pishvaian et al., JAMIA Open, December 2019



KYT Program Information Engineering

Published Literature Database
• 1,400+ publications collected, extracted, structured

Published Multi-omic Database
• NGS DNA
• NGS RNA
• Proteomic IHC
• ISH
• Proteomic Phosphorylation
• Germline DNA Sequencing

Patient Database
• Patient Multi-omic Profile
• Patient Demographics
• Patient Treatment History

Patient Outcomes Database

Guidelines Database

Clinical Trials Database
• 1,300+ Clinical Trials

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

Published Outcomes Database

Drugs Database
• 700+ Drugs

Approved
Off Label
NCE’s in Clinical Trials

Continuously Monitored
Real-time Updating

Variants Database
• 1,700+ with Actionability

Credit: Perthera Inc.



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

Rao et al., JCO CCI, July, 2020



• 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)

Barriers and Opportunities



AMP, Austin TX, October 2015 AACR, New Orleans LA, April 2016

AACR, Washington DC, April 2017 AACR, Chicago, April 2018

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

Hackathon, Scripps Research Institute, 
Oct, 2019

ClinGen Somatic WG



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

Minimum Variant Level Data

Ritter et al., Genome Medicine, December, 2016



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

Wagner et al., Nature Genetics, April 2020



• 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 
science

N-of-1 to all patients with advanced cancers



Story 2
Automatic extraction of Clinical genomic evidence for 

variant interpretation using Natural Language Processing 
and Machine Learning

15



○ Mostly Rule-based
○ Domain-specific
○ Abstract-based

https://healthinformatics.georgetown.edu/

Limitations of Bio- and Health- NLP Tools



● 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.

https://healthinformatics.georgetown.edu/

Goal: Improve and Automate Relationship Extraction



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

https://healthinformatics.georgetown.edu/

Learning form “Less Data”



● 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.

Semantic Abstraction



https://healthinformatics.georgetown.edu/

MACE2K Informatics Infrastructure (Proof of Concept)



One-year Masters Program
Health Informatics & Data Science

https://healthinformatics.georgetown.edu/
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• http://icbi.georgetown.edu/
• icbi@georgetown.edu
• https://icbi.github.io/
• @ICBI_Georgetown
• https://healthdatascience.blogspot.

com/

ICBI Center Core Team Members
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