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Background: High-throughput sequencing has been largely automated allowing rapid
identification of somatic and germline variants in tumors
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A genome analyst attempts to interpret,
prioritize, and summarize functionally

significant events in the context of
published literature, clinical trials, and a
multitude of knowledgebases.

Interpretation and
Report Generation

F Pathologists and oncologists evaluate the
significance of potentially clinically

7/ actionable events and incorporate into
patient care.

Clinical Application

L
Good BM, Ainscough BJ, McMichael JF, Su Alt, Griffith OLf. 2014. Genome Biology. 15(8):438.



Problem: Clinical interpretation of genomic alterations remains a major bottleneck for
realizing precision medicine
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Clinical interpretations of variants are currently created in private

GENOMIC ALTERATIONS

GENE
ALTERATION

® PIK3CA
H1047R

® CCND1

amplification

® CDH1
E167*

INTERPRETATION

Mutations in PIK3CA have been reported in 26% to 33% of breast cancer cases (COSMIC, Jun 2012 and
Kalinsky et al., 2009; 19671852). Activating mutations in PIK3CA, such as the one seen here, may predict
sensitivity to inhibitors of PI3 kinase or its downstream signaling pathway (the PI3K/AKVmTOR pathway)
(Huang et al., 2007; 18079394). The mTOR inhibitors temsirolimus and everolimus have been tested in
several clinical trials in breast cancer, and have been approved by the FDA for use in other tumor types.
Inhibitors of PI3K and Akt are currently in clinical trials in breast cancer, alone or in combination with other
therapies. PIK3CA mutations may play a role in resistance to hormonal therapy in ER+ breast cancers
(Miller et al., 2011; 22114931). Activating mutations in PIK3CA may also confer resistance to anti-Her2
therapies (Chakrabarty et al., 2010; 20581867, Kataoka et al., 2010; 19633047, Wang et al., 2011,
21676217), combined inhibition of Her2 and the PI3K pathway may be required in tumors with ERBB2
amplification and PIK3CA mutation, though this remains an areyactive investigation.

CCND1 amplification has been reported in approximately 1
frequently in BRCA-negative cancers (Elsheikh et al., 2008
There are no approved therapies that directly target the prote
CCND1 amplification may predict sensitivity to inhibitors of Cdk:
investigation in clinical trials. Overexpression of C§@lin D1 has als

endocrine therapy in breast cancer (reviewed in Lan tal., 2014,
2009; 19701242, Butt et al., 2005; 1611309 /

, which are currently under
associated with resistance to
613412; Musgrove and Sutherland,

fbreaMncers, and more often in luminal type

0; 19593635). Loss of the E-cadherin protein, which is
with poor prognosis in triple negative breast cancer

; 21519872). Presently, there are no targeted

CDH1 mutations are present in approxi
cancers (COSMIC, Jun 2012, Holles
encoded by the CDH1 gene, has be
(Kashiwagi et al., 2010, 20551954, T:
therapies to address loss of ﬁHUE—c

\'

academic silos or restricted-access commercial databases

* Interpretations have
limited provenance and no
mechanism for feedback

* This problem would be
better addressed by an
open public domain effort



We created CIViC to address this need - an open knowledgebase and
curation system for clinical interpretation of variants in cancer
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Data are reviewed
and validation experi-
ments performed to
identify high quality
events.

Events are annotated and scored
in an effort to predict events of
functional significance.
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CIViC Curation

Crowdsourced curation
efforts, moderated by
experts in oncology and
bioinformatics, help to
build a knowledge-

base of clinical inter-
pretations of vari-

ants in cancer,

describing the

therapeutic, prog-

nostic, diagnostic,

and predisposing
relevance of inherited

and somatic variants

of all types. Anyone may
sign up to be a curator, add
evidence, suggest changes
to records, and discuss
ongoing curation efforts.

CIViC

WWW.CIVICDB.ORG

Curation Cycle

Add New Evidence

Review and Discuss Edits

Research Gene, Variant, & Evidence Summaries

lished literature,
cal trials, and lin
knowledgebases.

Pathologists and
oncologists review
analysts’ reports to
help evaluate the
significance of
potentially clinically
actionable events
and incorporate into
patient care.

www.civicdb.org




See paper published earlier this year for more details

CIViC is a community knowledgebase for expert
crowdsourcing the clinical interpretation of variants
in cancer

Malachi Griffith, Nicholas C Spies, Kilannin Krysiak, Joshua F McMichael, Adam C
Coffman, Arpad M Danos, Benjamin J Ainscough, Cody A Ramirez, Damian T Rieke, Lynzey
Kujan, Erica K Barnell, Alex H Wagner, Zachary L Skidmore, Amber Wollam, Connor J Liu,
Martin R Jones, Rachel L Bilski, Robert Lesurf, Yan-Yang Feng, Nakul M Shah, Melika
Bonakdar, Lee Trani, Matthew Matlock, Avinash Ramu, Katie M Campbell, Gregory C Spies,
Aaron P Graubert, Karthik Gangavarapu, James M Eldred, David E Larson, Jason R Walker,
Benjamin M Good, Chunlei Wu, Andrew | Su, Rodrigo Dienstmann, Adam A Margolin, David
Tamborero, Nuria Lopez-Bigas, Steven J M Jones, Ron Bose, David H Spencer, Lukas D
Wartman, Richard K Wilson, Elaine R Mardis & Obi L Griffith - Show fewer authors
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Nature Genetics 49, 170-174 (2017) | doi:10.1038/ng.3774
Published online 31 January 2017



CIViC Principles: Total commitment to standards, openness, transparency

Public contributions, open discussion, curation standards and expert review

consensys
Researchers, clinicians, Content provenance

patient advocates and £ ¢ ' and creator
acknowledgement

Public domain (CCO0) ; S Structured data and
license APIs

No fees, anonymous access




CIViC data model (gene -> variant -> evidence)

BRAF V600E predicts sensitivity to vemurafenib in melanoma

Variant @ Rep. Transcript

Summary

Groups
—Sources

Variant = point mutations, insertions, deletions, translocations, RNA fusions, RNA expression, etc.
Somatic OR Germline

O



CIViC data model (gene -> variant -> evidence)

Clinical Actionability Evidence Item

Evidence Statement
Description of evidence from published medical literature detailing the association of or lack of association of a
variant with predictive, prognostic, diagnostic, or predisposing relevance in relation to a specific disease

Evidence Type Evidence Level
« Predictive, Prognostic, Diagnostic, Predisposing » « Validated, Clinical, Preclinical, Case Study,
Inferential »

Clinical Significance

L . : Evidence Direction
Predictive: Sensitivity, Resistance, Adverse Response « Supports, Does Not Support »
Prognostic: Better Outcome, Poor Outcome;

Variant Origin

Diagnostic: Positive, Negative « Somatic Mutation, Germline Mutation,
Germline Polymorphism »

Predisposing: Pathogenic, Likely Pathogenic, Benign,
Likely Benign, Uncertain Significance Variant Rating
« Variant ID » 1. 8.8. 8. ¢

Gene Source Disease Drug
« Entrez ID » « Pubmed ID » « Disease Ontology ID » « PubChem ID »

. rcren

Evidence is categorized by:

Type (Drug response, prognostic, etc)
Level (Clinical, pre-clinical, etc)
Direction (supports or refutes)



Advanced search
and browsing

Expert-curated
knowledge

A quick tour of the
CIViC site:

www.civicdb.org
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(=) EVIDENCE EID288
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In MCF10A celllines, the V777L mutation was shown to be sensitive to neratinib.

Evidence Level: [Tl
Evidence Type: Prediciive
Evidence Direction: Supports
Clinical Significance: Sensitivity

Variant Origin: Somatic Mutation
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Trastuzumab, Neratinib, Lapat.

Evidence Talk &

Evidence Summary

Disease: Breast Cancer
Drug: Neratinib
Citation: Bose et al, 2013, Cancer Discov
Pubmed 10: [EEZ)

Trust Rating: % % % & %

Optional login
Add/Suggest

Gene summaries

Protein Domains:

Variant summaries
and coordinates

Structured Evidence




Curated gene summaries provide a high-level overview at gene level
E GENE ERBBZ Gene Summary GeneTalk &
Last Modified by [l i P  LastReviewed by [l o i D

ERBB2, commonly referred to as HER2, is amplified and/or overexpressed in 20-30% Name: erb-b2 receptor tyrosine kinase 2 °
of invasive breast carcinomas. HER2-positive breast cancer is treated in a separate =
manner from other subtypes of breast cancer. Metastatic HER2-positive breast Entrez Symbol: ERBB2 Entrez ID: 2064 -
cancer is now commonly treated with HER2-targeted therapy. Apart from being Aliases: CD340, HER-2, HER-2/neu, HER2, MLN 19, NEU, NGL, 3
amplified/overexpressed, ERBB2 activating mutations have been shown to have TKR1 §
clinical importance in HER2-negative breast cancer. These mutations have shown D
sensitivity to the tyrosine kinase inhibitor neratinib, and highlight the importance of Chromosome: 17 Start: 37844167 End: 37886679 Strand: 1
clinical sequencing efforts in treating breast cancer. (GRCh37)
Protein Domains: Furin-like cysteine-rich domain, Furin-like repeat,

Sources: Growth factor receptor cysteine-rich domain, Growth

Badache et al., 2006, J Mammary Gland Biol Neoplasia factor receptor domain 4, Leucine-rich repeat domain,

Yu et al., 2000, Bioessays L domain-like... (8 more)

Hudis, 2007, N. Engl. J. Med. e 6 -
- r9 ¢ Pathways: a6b1 and a6b4 Integrin signaling, ErbB2/ErbB3

signaling events, ErbB4 signaling events, ErbB
receptor signaling network, Validated targets of C-MYC
transcriptional repression... (124 more)

View MyGene.info Details

Supplemented with source citations and gene details from mygene.info (Entrez
name, symbol, aliases, domains, pathways) Q




Curated variant summaries provide a high-level overview at variant level

[2][=] VARIANT V777L
Last Modified by [T e @  Last Reviewed by Bl ol

Aliases: VAL777LEU, V747L, and V762L

ERBB2 V777L was one of the first ERBB2 variants to be functionally classified (Bose et al. 2013).
This mutation was shown to be an activating mutation in an in vitro assay. In the same paper, this
mutation (along with other ERBB2 activating mutations) in MCF10A breast cancer cell lines have
been shown to be sensitive to the kinase inhibitor neratinib. More recent evidence may show that
HER2 acitivating mutations confer sensitivity to a host of tyrosine kinase inhibitors, which is the
topic of current clinical trials and research.

Sources:
Bose et al., 2013, Cancer Discov

Variant Type:
Missense Variant

HGVS Expressions:
NM_004448.3:¢.2329G>T , NP_004439.2:p.Val777Leu,
and ENST00000269571.5:¢.2329G>T

Clinvar ID:
44991

Variant Summary Variant Talk &
0
Ref. Build: GRCh37 Ensembl Version: 75
Chr. Start Stop Ref. Bases Var. Bases
17 37881000 37881000 G T
Rep. Transcript
ENST00000269571.5
Edit Coordinates
ClinVar ID ClinVar Clinical Significance %
44991 Likely pathogenic .E
)
COSMIC ID dbSNP RSID HGVS ID E
COSM14062 rs121913471 chr17:9.37881000G>T E
SnpEFf Effect SnpEff Impact EXAC Adj. AF P
missense variant MODERATE -

View MyVariant.info Details

Supplemented with curated aliases, Sequence Ontology terms, sources, HGVS
expressions, ClinVar links, coordinates and variant details from myvariant.info



Curated evidence statements are the foundational unit of CIViC

E' EVI D EN C E El D288 Evidence Summary Evidence Talk

In MCF10A cell lines, the V777L mutation was shown to be sensitive to neratinib.

Evidence Level:

Evidence Type:
Evidence Direction:
Clinical Significance:

Variant Origin:

D - Preclinical Disease: Breast Cancer
Predictive Drug: Neratinib
Supports Citation: Bose et al., 2013, Cancer Discov

’
Sensitivity Pubmed ID:

Somatic Mutation Trust Rating: % % % % %

Evidence is curated with structured data (Level, Type, Direction, Variant
Origin, and Clinical Significance), linked to Drugs, Disease Ontology, PubMed
and Trust rating assigned with 5-star system

o



Curator activity is tracked for attribution, notifications and provenance
E] EVIDENCE EI D288 Evidence Summary Evidence Talk &

sumited by PRETTY | mceped by (L)

In MCF10A cell lines, the V777L mutation was shown to be sensitive to neratinib.

Evidence Level: | 20 =[] Disease: Breast Cancer

Evidence Type: Predictive Drug: Neratinib

Evidence Direction: Supports Citation: Bose et al., 2013, Cancer Discov

Clinical Significance: Sensitivity Pubmed ID:

Variant Origin: Somatic Mutation Trust Rating: J % % % %




All curated entries have “Talk pages” and “Subscribe” option

El EVIDENCE El D288 Evidence Summary Evidence Talk &

In MCF10A cell lines, the V777L mutation was shown to be sensitive to neratinib.

Evidence Level:

Evidence Type:
Evidence Direction:
Clinical Significance:

Variant Origin:

D - Preclinical Disease: Breast Cancer
Predictive Drug: Neratinib
Supports Citation: Bose et al., 2013, Cancer Discov
»
Sensitivity Pubmed ID:
Somatic Mutation Trust Rating: % % % % %

Talk pages (genes, variants, evidence) track the complete history of comments and

revisions

Curators and editors have to option to “Follow” any entry (gene, variant, evidence)
to receive notifications of proposed changes or additions

O



Revisions are tracked with detailed GitHub style diffs and comments

EID2975 Revisions EID2975 Commenta EID2975 Log

2 total revisions

RID Submitted by Status Created ~
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20306 closed adayago

Revision #20307 applied

Description

Cesmoid fibromalosis is a rare, nonmelastatic neoplasim marced by loca invasiveness and releatless recunrence. Bele-Calenin deregulal on has been commonly identified in
sporadic desmods.

- DELETIONS - DELETIONS

CTNNBI1 mutations were observed in 117 of 138 (85%) o desmcids. Three discete In conclusion, CTNNB1 mutations are highly commor in desmoid tumors. Furthermore,
mutaticns in two codons of CTNNB1 exon 3 were identified: T41A (59%), S45F (33%), patients harborng CTNNB' (S45F, mutations are at particular risk for recurrence and
and S45P (8%). Five year recurrence free sunvival was significantly poorer in S45F therefore may copecialy benefit from adjuvant therapeut ¢ aoproaches.

mutated desmoids (23%, F &It 0.0001) versus either TA1A (57%) or nonmutated

turrors (65%). *+IEERTIONS

CTNNB1 mutations were observed in 117 of 138 (35%) of desmoids. Three discrete
mutations in two codons of CTNNB1 exon 3 were identified: T41A (53%), S45F (33%),
and S45P (8%). In condlusion, CTNNB1 mutations are highly common in desmoid
umors.

= RESULT

Desmoid fibromatosis is a rare, nonmetastatic neoplasm marked by local invasiveness and relentless recurrence. Bata-Catenin deregulation has been commenly
identified in sporadic desmoids CTNNB1 mutations were oase-ved in 117 of 138 (85%) of desmoids. Three discrete mutations in two codons of CTNNB1 exon 3
were identified: T41A (59%). S45F (33%). and S45P (8%). In conclusion, CTNN31 ions are higaly ind id tumors.
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m Evidence EID2975 Revision Description
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All curated entries (genes, variants, evidence) can be “Flagged” or Revised

El EVl D EN C E EI D288 Evidence Summary Evidence Talk &
Submitted by Accepted by

In MCF10A cell lines, the V777L mutation was shown to be sensitive to neratinib.

Evidence Level:

Evidence Type:
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Clinical Significance:

Variant Origin:

D - Preclinical Disease: Breast Cancer
Predictive Drug: Neratinib
Supports Citation: Bose et al., 2013, Cancer Discov

Sensitivity Pubmed ID:

Somatic Mutation Trust Rating: % % % % %

All curated entries (genes, variants, evidence) can be “Flagged” for problems or
revisions proposed



Flagging allows for very quick/easy marking of content needing

immediate review or caution with use

Flag EVIDENCE EID288

CIViC editors.

E ) Flag this evidence by describing why it requires the attention of the
| 4

Submitted  Flag |

In MCF10A cell lines, the V777L mutation was shown to be sensitive to neratinib.

Evidence Level: | 0 2 o[

Evidence Type: Predictive
Evidence Direction: Supports
Clinical Significance: Sensitivity

Variant Origin: Somatic Mutation

Evidence Summary Evidence Talk

Disease: Breast Cancer
Drug: Neratinib
Citation: Bose et al., 2013, Cancer Discov
Pubmed ID: JeXxyrhlth]
Trust Rating: % % % % %
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Users can create detailed profiles, self-organize into curation groups,
and compete for badges

Role: admin Comments: 217
Username: obigriffith Suggested Revisions: 172
Admin Name: Obi Griffith Applied Revisions: 154
Area of Expertise: Research Scientist Submitted Evidence: 12
Research Organization: Accepted Evidence: 12
Scientist Biography: Suggested Sources: 11
Dr. Griffith is Assistant Professor of Medicine and Assistant Director
of the McDonnell Genome Institute at Washington University School
The McDonnell Genome Institute of Medicine. He has worked in genomics and bioinformatics since the
earliest phase of reference genome sequencing. He contributed to
Em the Mammalian Gene Collection, producing some of the first full-
length sequences for many human genes. He also was part of a small
team of bioinformaticians that helped sequence and release the first
whole genome reference sequence for the severe acute respiratory
syndrome (SARS) virus at the height of the 2003 epidemic. He has
contributed to the identification of molecular markers at the DNA,
RNA and protein level that are useful for diagnosis and prognosis of
thyroid, breast, lymphoma and other cancers. His lab’s research is
focused on the development of informatics resources and
personalized medicine strategies for cancer using genomic
technologies. He is a co-creator of the CIViC resource.
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Users receive notifications, site mentions, updates and messages
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All data are available via TSV data dumps or API (json)

Data Releases

Disclaimer: TSV releases of CIViC data are provided at regular intervals for the convenience of those who require the use of a static file. For most users, we recomend utilizing our AP which is
documented here. Using the API will provide you with the richest metadata about CIVIiC entries as well as the most current versions of all evidence statements. In fact, the entire CIViC web frontend
runs off the exact same API that is available for public use.

These TSV files do not contain user profile data, pending or rejected evidence items, discussion and commentary, or data provenance and revision history.

Date Gene Summaries Variant Summaries Variant Group Summaries Evidence Summaries
Nightly & GeneSummaries.tsv & VariantSummaries.tsv & VariantGroupSummaries.tsv & ClinicalEvidenceSummaries.tsv
01-may-2017 & GeneSummaries.tsv & VariantSummaries.tsv &, VariantGroupSummaries.tsv & ClinicalEvidenceSummaries.tsv
01-apr-2017 X GeneSummaries.tsv &, VariantSummaries.tsv &, VariantGroupSummaries.tsv & ClinicalEvidenceSummaries.tsv
01-mar-2017 % GeneSummaries.tsv & VariantSummaries.tsv & VariantGroupSummaries.tsv & ClinicalEvidenceSummaries.tsv

Get a list of evidence items

This endpoint returns a listing of evidence items in CIViC. This index style endpoint is
paginated by default. You can use the count and page parameters or the previous
and next links to iterate through all the evidence items.

HTTP Request

GET https://civic.genome.wustl.edu/api/evidence_items




The CIViC curation cycle promotes quality, provenance and an up-to-
date knowledgebase
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Format: Abstract ~ Send to ~

Cancer Discov, 2013 Feb;3(2):224-37. doi: 10.1158/2159-8290.CD-12-0349. Epub 2012 Dec 7.

Activating HER2 mutations in HER2 gene amplification negative breast cancer.

Bose R', Kavuri SM, Searleman AC, Shen W, Shen D, Koboldt DC, Monsey J, Goel N, Aronson AB, Li §, Ma CX, Ding L, Mardis ER, Ellis MJ.
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date knowledgebase
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How is quality maintained?
- Content creation is completely transparent
- Anyone can become a curator but this role has Gene Record Sources

limited powers Summary  Imported Gene Details = Aliases ’

- All content must be reviewed by a site editor or Variant Record  Reference Build | Start | Reference Bases
domain expert Summary = Type = Ensembl Version = Chr. = Stop Rep. Transcript

- Users can not accept their own contributions Evidence Record Rating ' Disease | (linical | Direction | Citation

- Problems can be identified by comment or flag Statement ] Disease Ontoiogy | _Origin_{ S67icer™s ] Level J oI ive) ™)



CIViC contributions and site visits demonstrate strong community
involvement
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1st Hackathon / Jamboree in December began the task of coordinating

curation effort

Improved coverage of group areas of interest
Germline variants
Resistance mutations
Clinically-relevant fusions
Predisposing variants
Ul improvements
Badge implementation for curator motivation
Community efforts
WikiData incorporation of CIViC
CIViCmine implementation and rule definition

Dec 1, 2016 (1:30PM) -> Dec 2 (2:30PM)

Database and Community Statistics

Genes
This Week: 14
This Month: 20
This Year. 201

+14 1o 280

Drugs

This Week: 8
This Month: 14
This Year. 193

+7  Total: 289

Revisions

This Week: 47
This Month: 233
This Year. 2471

+7  Total: 2843

Variants

This Week:
This Month:
This Year.

Total:

Diseases

This Week:
This Month:
This Year:

+49 Total:

Contributors
This Week:

This Month:

This Year:

+11  Total:

74
87
491

700

50
52
132

208

23
30
51

57

Evidence Items

This Week: 90
This Month: 112
This Year. 1153

Total: 1662

Publications

This Week: 38
This Month: 58
This Year. 765

+36 Total: 1066

Comments

This Week: 154
This Month:
This Year. 5167

+129 Total: 5965




CIViC 1s now integrate
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Also coming to cBioPortal: www.cbioportal.org/beta/

cBioPortal

for Cancer Genomics

Visualize, analyze, discover.

m DATASETS | WEBAPI | RIMATLAB | TUTORIALS | FAQ | NEWS | TOOLS | ABOUT | VISUALIZE YOUR DATA

Modify Query
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AACR CIViC announcement: lllumina has made a major knowledge
donation to CIViC

llumina ,

lllumina Inc. makes a significant donation of somatic variant interpretations to the CIViC project. This generous donation makes lllumina Inc.
the largest single contributor to the CIViC project to date. The donation includes thousands of associations of therapeutic value, with evidence
gathered from publications and drug labels by scientists in the Biomedical Informatics team at lllumina Inc. All submissions have been entered
in a pending state and will be subjected to review by CIViC’s expert editorial team.

Watch for another press release at ASCO and visit
www.civicdb.org to learn more...




How can you participate? Visit www.civicdb.org to join as a curator
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Conclusion and future direction

Conclusion:

A high-quality knowledgebase of expert-curated variant
interpretations

A sophisticated framework/platform for curation
A model for community-driven open science

Future directions:
ClinGen collaboration - engage more expert curators
Support complex genotypes
Support conference proceedings
APTRC supplement to create CIViC-based NGS panel (Salipante)
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