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Introduction



Precision Oncology

Tumor DNA Clinical Genomic Variant Report Patient Care
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How do we alleviate this bottleneck?
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Alleviating the Curation Burden with CIViC
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ClinGen Somatic WG: 
MVLD Guidelines 

Madhavan S, et al. Pac. Symp. Biocomput. 2018
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https://civicdb.org
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Roadmap from Evidence to Action



Problem: CIViC is a Silo in a Diverse Knowledge Ecosystem



Established Interpretation Knowledgebases
•CIViC (WashU)

•Cancer Genome Interpreter (Barcelona)

•OncoKB (MSKCC)

•PMKB (Cornell)

•JAX-Clinical Knowledgebase (Jackson lab)

•CanDL (Ohio State)

•COSMIC (Sanger)

•MyCancerGenome (Vanderbilt)

•KnowledgeBase for Precision Oncology (MD Anderson)

•BRCA Exchange

•Gene Drug Knowledge Database

•PharmGKB

•ClinVar

•Pecan

Additionally...
•ad hoc “databases” (acad. centers / hospitals)

•Industry (FoundationMedicine, Agilent, etc)

Variant Interpretation Knowledge is Siloed

https://civic.genome.wustl.edu/
https://www.cancergenomeinterpreter.org/home
http://oncokb.org/
https://pmkb.weill.cornell.edu/
https://www.jax.org/clinical-genomics/ckb
https://candl.osu.edu/
http://cancer.sanger.ac.uk/cosmic/drug_resistance
https://www.mycancergenome.org/
https://pct.mdanderson.org/
https://brcaexchange.org/
https://www.synapse.org/
https://www.pharmgkb.org/
http://www.ncbi.nlm.nih.gov/clinvar/
https://pecan.stjude.cloud/about


Roadmap from Evidence to Action



• Year Started: 2016

• Country: Global – USA, Barcelona, UK

• Institutions: WashU, MSKCC, DFCI, OHSU, IRB Barcelona, Cornell, Jackson Labs
–Consortium of Clinical Interpretations KBs: OncoKB, Jax-CKB, CIViC, PMKB, CGI, ...

• Mission:
– Global integration of knowledgebases for clinical interpretation of cancer variants

• Clinical Focus
– Ultimate goal – consistent, actionable clinical reports

http://cancervariants.org/

http://cancervariants.org/


Variant Interpretations are Heterogeneous



Variant Representation Across Knowledgebases

Wagner AH, et al. Nat. Genet. (accepted) 2019



Variant Representation Across Knowledgebases

Wagner AH, et al. Nat. Genet. (accepted) 2019



Poor overlap of variants creates
   inconsistent clinical interpretations
This can be addressed by
   aggregating curated knowledge



Variant Interpretations are Structurally Disparate



Diversity in Structure of Variant Interpretations

Gene BRAF BRAF (Entrez ID: 673) BRAF

Isoform ENST00000288602 / NM_004333.4 ENST00000288602.6 ENST00000288602

Variant V600E (????) V600E (chr7:g.140453136A>T) V600E (7:140453136-140453136)

Disease Melanoma Skin Melanoma (DOID:8923) Tumor: Melanoma / Tissue: Skin

Drug Dabrafenib Dabrafenib + Trametinib ?

Clinical 
Significance Known Effect: Sensitive Supports Sensitivity ?

Evidence Level 2B A - Validated Tier 1

Statement
Approved Indications: Dabrafenib is 
FDA-approved for BRAF V600E mutant 
unresectable or metastatic melanoma

Open-label, randomized phase 3 trial with 
704 patients with metastatic melanoma with 
a BRAF V600 mutation. Patients were 
randomized ...

… Various B-Raf inhibitors (Vemurafenib, 
Dabrafenib) have been FDA approved for 
melanoma therapy in certain settings.



Inconsistent Variant Normalization

Wagner AH, et al. Nat. Genet. (accepted) 2019



Poor overlap of variants creates
   inconsistent clinical interpretations

Clinical variant interpretation
   knowledgebases are not interoperable

We can aggregate, but...

This can be addressed by harmonizing interpretations



Structure of a Variant Interpretation

Wagner AH, et al. Nat. Genet. (accepted) 2019
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AMP/ASCO/CAP Variant Evidence Guidelines
Evidence Level Defining Characteristics CIViC OncoKB JAX-CKB CGI MMatch PMKB
Level A
(Tier I)

Evidence from professional 
guidelines or FDA-approved 
therapies relating to a biomarker 
and disease.

Level A Level 1 / 2A 
/R1

Guideline / FDA 
Approved

Clinical 
Practice

Level 1A Tier 1

Level B
(Tier I)

Evidence from clinical trials or 
other well-powered studies in 
clinical populations, with expert 
consensus.

Level B Level 3A Phase III Clinical 
Trials III-IV

Level 1B

Level C
(Tier II)

Evidence for therapeutic predictive 
markers from case studies, or 
other biomarkers from several 
small studies. Also evidence for 
biomarker therapeutic predictions 
for established drugs for different 
indications.

Predictive Level C Level 2B, 
Level 3B

Clinical Study/ 
Phase I / Phase II

Clinical 
Trials I-II, 
Case 
Reports

Level 2C Tier 2

Level D
(Tier II)

Preclinical findings or case studies 
of prognostic or diagnostic 
biomarkers. Also includes indirect 
findings.

Non-predictive 
Level C / Level D / 
Level E

Level 4 Phase 0, 
Pre-clinical

Pre-clinical 
Data

Level 2D

Wagner AH, et al. Nat. Genet. (accepted) 2019
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Harmonization Increases Breadth of Interpretation



AACR Project GENIE

AACR Project Genomics Evidence Neoplasia Information Exchange
• Registry for aggregating cancer genomic data with clinical outcomes

• Represents “real-world” clinical sequencing efforts
– Data is CLIA-/ISO-certified
– Obtained through participation of 8 major international cancer genomics 

centers
– Enriched in examples of late-stage disease

https://www.aacr.org/RESEARCH/RESEARCH/PAGES/AACR-PROJECT-GENIE.ASPX

https://www.aacr.org/RESEARCH/RESEARCH/PAGES/AACR-PROJECT-GENIE.ASPX


Project GENIE Cohort

• v3.0.0, released January 2018

• 38,207 patients

• 263,592 variants

• 539 distinct disease terms (Oncotree)

https://www.synapse.org/#!Synapse:syn7222066/wiki/410924

https://www.synapse.org/#!Synapse:syn7222066/wiki/410924


Interpretation Coverage of GENIE Cohort
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Meta-KB Search Strategies

Wagner AH, et al. Nat. Genet. (accepted) 2019



The Somatic Variant Landscape

53



Interoperability through Expressive and Computable 
Variation Representation



Current and Future Work

Interoperability through Expressive and Computable 
Variation Representation





GA4GH: Mission

The Global Alliance for Genomics and Health 
aims to accelerate progress in genomic research 
and human health by cultivating a common 
framework of standards and harmonized 
approaches for effective and responsible 
genomic and health-related data sharing.

“
”https://www.ga4gh.org/about-us/

https://www.ga4gh.org/about-us/


https://vr-spec.readthedocs.io

https://vr-spec.readthedocs.io/


Rendering by 
Stephanie Li@reecehart

VR Specification Driving Interoperability



VR Computed Identifiers

https://vr-spec.readthedocs.io/en/1.0/impl-guide/computed_identifiers.html

https://vr-spec.readthedocs.io/en/1.0/impl-guide/computed_identifiers.html


VR identifiers: precise, unique names for variation
Single VR Identifier Multiple human names

ga4gh:VA.9BtZ7Je…

ga4gh:VA.Yj1zrmM…

ga4gh:VA.iUvVOwS… NC_000006.11:g.7585967_7585978del

NC_000006.11:g.7585967_7585978delGTCCCGCTCCGG

ga4gh:VA.EWPHTiX…

translation

projection via
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(including liftover)
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LRG_423t1:c.8472_8483del

CCDS4501.1:c.8472_8483del

ENST00000379802.3:c.8472_8483delGTCCCGCTCCGG

NP_004406.2:p.Ser2843_Arg2846del

LRG_423p1:p.Ser2843_Arg2846del

P15924:p.Ser2843_Arg2846del
ENSP00000369129.3:p.Ser2843_Arg2846del

NC_000006.12:g.7585734_7585745delGTCCCGCTCCGG
NC_000006.12:g.7585734_7585745del

@reecehart & @handlerwagner

MyID_123.4:p.Ser2843_Arg2846del
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Upcoming milestone goals:

● Variation Sets

● SVs

● Fusions

● CNVs

● Cytoband Locations

● Gene Locations



Fusion Specificity Needs Vary

DNA Break Coordinates Specified

Exon-exon Junction(s) Specified

Gene(s) Specified

Discrete Variation

Categorical Variation

1 2 3 7 8 9

(NC_000001.11, start, 1279443-1285312, +) / ISCN

(NC_000006.12, 82641-85413, end, +) / ISCN

1 2 3 7 8 9

(NM_094327.3, start, exon3)

(NM_095157.6, exon7, end, +) 

1 2 3 7 8 9
1 2 7 8 9

1 2 3 9

HGNC:958276

HGNC:974213

1 2 3 7 8 9
... 11 12 7 8 9

... 8 9 7 8 9



Fusions in the Somatic Variant Landscape
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Lexing and Classification of Categorical Variants 

BRAF V600E

Gene
(1.00)

P_SUB
(1.00)

Protein Substitution in BRAF
(1.00)

Tokenize

Classify

NP_004324.2, NP_001341538.1
Validate

Export

GA4GH BED

HGVS ...



Improving Normalization of Drugs and Diseases

• Current efforts are focused on improving existing strategies for 
normalizing drug terms (K99/R00 Aim 1)

• Several useful services currently exist
– e.g.: NCI SEER, NCI EVS, RxNorm

• Complex strategies needed for resolving difficult terms
• For diseases, inter-ontology mapping is a pain

– working with Monarch Initiative (MONDO) and Human Disease 
Ontology (DO) to drive solutions

– NCI-Thesaurus is being adopted as core for semantic precision
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Public Search Tool



Public Search Tool

search.cancervariants.org
Web Application:

docs.cancervariants.org
Documentation:



VR, VA, and Beacon v2



Roadmap from Evidence to Action



Precision Oncology Bottleneck

Good BM, Ainscough BJ, McMichael JF, Su AI†, Griffith OL†. 2014. Genome Biology. 15(8):438.
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Automated Curation Using Domain Knowledge

• Extension goal of K99/R00
• Deep learning approaches (e.g. Watson) have had difficulty in 

the area of clinical decision support
• ML strategies utilizing domain-specific knowledge can 

outperform deep learning on sparse, low-quality (e.g. 
un-normalized) data

• Hypothesis: machine learning models using domain-specific 
tools (such as those in K99/R00) and trained on normalized 
curated knowledge can drive rapid curation of predicted 
high-impact knowledge sources (e.g. publications, clin. trials)

https://spectrum.ieee.org/biomedical/diagnostics/how-ibm-watson-overpromised-and-underdelivered-on-ai-health-care?fbclid=IwAR3jPskgx-CApl6KmVV12tV8EIKuP_jjkWUgHD7XerFgz9gVKNDXMLk5bSU


Final Comments



Community Input is Welcome and Critical!

VICC is an open consortium: https://cancervariants.org/join
Our Variant Harmonization Working Group is driving this effort

The VR specification is open for public use and contributions:
Specification: https://vr-spec.readthedocs.org
Repository: https://github.com/ga4gh/vr-spec
SV requirements: https://github.com/ga4gh/vr-spec/issues/28

https://cancervariants.org/join/
https://vr-spec.readthedocs.org
https://github.com/ga4gh/vr-spec
https://github.com/ga4gh/vr-spec/issues/28
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Thank You

Questions?

Email: awagner24@wustl.edu

This slide deck is at: http://bit.ly/WagnerUZH19 (case sensitive)

mailto:awagner24@wustl.edu
http://bit.ly/WagnerUZH19


Resources

CIViC: civicdb.org

CIViCpy: civicpy.org

VICC: cancervariants.org

GA4GH-VR Specification: vr-spec.readthedocs.io

https://civicdb.org/
http://civicpy.org
https://cancervariants.org/
https://vr-spec.readthedocs.io/
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civic2clinvar



civic2clinvar
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Wagner AH and Kiwala S, et al. bioRxiv 2019



Searches >1,200 variants/second

Wagner AH and Kiwala S, et al. bioRxiv 2019
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civicpy.org

https://commons.wikimedia.org/wiki/File:Iceberg.jpg
http://civicpy.org
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https://civicdb.org/graphics

How do we represent clinical interpretation data?
How do we search for it?
How do we share it?

https://civicdb.org/graphics
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