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Who Are We?

Golden Helix is a global bioinformatics company

founded in 1998
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When you choose Golden Helix, GOLDEN HELiX
you receive more than just the software
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o 20,000+ users at 400+ organizations

o Give back tothe community
o Quality & feedback

o Contribute contentand support

\ I ’ \ | /
A f SIMPLE, SUBSCRIPTION- e (s INNOVATIVE SOFTWARE SOLUTIONS
4 BASED BUSINESS MODEL - ~
L ) o Citedin 1,000s of publications
o Yearlyfee

o Unlimited training & support
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Hallmarks of Cancer

= Engines of Cancers

GoLDEN HEL

Hallmarks for PTEN:

proliferative signalling

Enabling Precision

- Understanding cancer in a patient requires
understanding its underlying biology
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suppression of growth

- Multiple hallmarks are required for tumorigenesis
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suppressing one or more of these hallmarks
- Genomic mutations enable hallmarks by:

invasion and metastasis
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- Loss of function of a Tumor Suppressor Gene (TSG)
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Hanahan D., Weinberg R.A. Hallmarks of Cancer: The next generation. Cell . 2011; 144:646—674

Tate J et al. COSMIC: the Catalogue Of Somatic Mutations In Cancer, Nucleic Acids Research, Volume 47, Issue D1, 08 January 2019
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Biomarkers

= Testable Biological Markers

- Biomarkers are biological states or measurements
that provide indications for treatment, prognostic or
diagnostic outcomes

- Range from presence or absence of proteins,
antigens and specific genomic attributes of the
tumor.

= Common Cancer Biomarkers Examples
- HER2+: High levels of HER2 receptor protein .
- MSI-H: Microsatellite instability-high S

- BRAFV600E: Presence of activating mutation V600E — —— W
. ) Vemurafenib 1 month 4 months
- ERBB2A™P: Amplification of ERBB2
- BCR-ABL1: Activation of ABL1 through fusion with HarocheJ. et al. Dramatic efficacy of vemurafenib in both
BCR multisystemic and refractory Erdheim-Chester disease and

1 _ = Langerhans cell histiocytosis harboring the BRAF V600E
- TP53WT: No significant alterations of critical TSG mutation. Blood 2013 121
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Reporting Biomarkers

The Journal of Malecular Diagnostics, Vol. 19, No. 1, January 2017

e Journal of
Nolecular
Diagnostics

jmd.amjpathol.org
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= Reportable Biomarkers

- Molecular testing with NGS can detect many types
of biomarkers.

SPECIAL ARTICLE

Standards and Guidelines for the Interpretation  (J)cs
and Reporting of Sequence Variants in Cancer

A Joint Consensus Recommendation of the Association for
Molecular Pathology, American Society of Clinical Oncology,
and College of American Pathologists

Marilyn M. Li,*' Michael Datto,”" Eric J. Duncavage," Shashikant Kulkarni,*" Neal L. Lindeman,”/ Somak Roy,*"**
Apostolia M. Tsimberidou,*"' Cindy L. Vnencak-Jones,*"" Daynna J. Wolff,*" Anas Younes,*"" and Marina N. Nikiforova* **

- Activating Mutations for Oncogenes:
- Missense mutations, CNV gains, gene fusions

- Inactivating of Tumor Suppressor Genes:
- Truncating mutations, damaging missense mutations, CNV loss

From the Interpretation of Sequence Variants in Somatic Conditions Working Group of the Clinical Practice Conwnittee,* Association for Molecular Pathology,
Bethesda, Maryland; the Deparment of Pathology and Laboratory Medicine,' Division of Genomic Diagnostics, the Children’s Hospial of Phitadelphia,
University of Pennsylvania Perelman School of Medicine, Philadelphia, Pennsylvania; the Duke University School of Medicine,' Durham, North Carolina;

the Department of Pathology and fmmunalogy," Washington University School of Medicine, St. Louis, Missouri; Baylor Genetics," Hauston, Texas; the Brigham
and Women's Hospital,| Harvard Medical School, Boston, Massachuseits; the University of Pitsburgh Medfical Center, ** Pistsburgh, Pennsylvania; the

Dey of Cancer Th 1" University of Texas M) Anderson Cancer Center, Houston, Texas; the Department of Pathology,
Microbiology and Immunology, " Vanderbilt University Medical Center, Nashville, Tennessee; the Depariment of Pathology and Laboratory Medicine,” Medical
University of South Carolina, Charleston, South Carolina; and the Memorial Sloan Kettering Cancer Center, " New York, New York

Ac fc blicat
= Clinically Actionable Biomarkers R —————

- Molecular genetics reports should provide actionable
results with indications of the quality of the clinical
evidence in the context of the patients tumor

- AMP Guidelines discuss best practices for clinical
reporting and provides “Tier Levels” for rating the
clinical evidence for drug response as well as
prognostic and diagnostic implications.

(2017) Standards and Guidelines for the Interpretation and Reporting of Sequence Variants in Cancer:

Address correspandence to
Mailyn M. Li, M.D., Depart-
ment of Pathology and Labora-
tory Medicine, Children’s
Hospital of Philadclphia,
University of Peansylvania
Perelman School of Medicine,
3615 Civic Center Blvd, ARC
716i, Philadelphia, PA

19104 E-mail: fims @ cmail
chop.edu.

has highlighted the importance and potential benefits of standardizing the interpretation and reporting
of molecular results among laboratories. A multidisciplinary working group tasked to assess the current
status of next-generation sequencing—based cancer testing and establish standardized consensus
classification, annotation, interpretation, and reporting conventions for somatic sequence variants was
convened by the Association for Molecular Pathology with liaison representation from the American
College of Medical Genetics and Genomics, American Society of Clinical Oncology, and College of
American Pathologists. On the basis of the results of professional surveys, literature review, and the
Working Group's subject matter expert consensus, a four-tiered system to categorize somatic sequence
variations based on their clinical significances is proposed: tier I, variants with strong clinical sig-
nificance; tier II, variants with potential clinical significance; tier III, variants of unknown clinical
significance; and tier IV, variants deemed benign or likely benign. Cancer genomics is a rapidly evolving
field; therefore, the clinical significance of any variant in therapy, diagnosis, or prognosis should be

Supported by the Association for Molecular Pathalogy.

Disclosures: EJ.D. is the Medical Director for Cofactor Genomics and
claims ownesship in P&V Licensing, LLC; AY. is a consultant for
Foundation Medicine; AM.T. received rescarch funding from Foundation
Medicine, EMD Serono, Baxalta, Bayer, and Onyx.

The Interpretation of Sequence Varianis in Somatic Conditions
Working Group is ¢ working group of the Association for Molecular
Pathology Clinical Practice Commitiee with liaison representation from
the American College of Medical Genetics and Genomics (S.K. and
DJ.W.), American Socicty of Clinical Oncology (AM.T. and A.Y), and

i 2016.10.002

College of American Pathologists (M.D. and NIL). The 2015 and
2016 Clinical Practice Committee consisted of Marina Nikiforova (Chair
2015 to 2016), Monica Baschore, Christopher Coldren, Linda Cook,
Jennifer Crow, Birgit Funke, Meera Hameed, Larry Jennings, Arivarasan
Karunamurthy, Annette Kim, Bryan Krock, Mary Lowery-Nordberg,
Melissa Miller, Benjamin Pinsky, Somak Roy, Mark Routbort, Ryan
Schmidt, and David Viswanatha.

Standard of practice is not defined by this article and there may be
altematives. See Disclaimer for further details.

Society for lavestigative Pathology and the Associstion for Molecular Patbhology. Published by Ebsevier Inc. All rights reserved,



Evidence Levels and Tiers

Tier |: Variants of Tier Il: Variants of
Strong Clinical Potential Clinical
Significance Significance
Therapeutic, prognostic & Therapeutic, prognostic &
diagnostic diagnostic

FDA-approved therapies
FDA-approved therapy for different tumor types

or investigational
therapies

Multiple small published
studies with some
consensus

Included in professional
guidelines

Well-powered studies
with cun::.en;usffr?é'n Preclinical trials or a few
experts in the fie case reports without
consensus

Tier llI: Variants of
Unknown Clinical
Significance

Mot observed at a
significant allele
frequency in the general
or specific subpopulation
databases, or pan-cancer
or tumor-specific variant
databases

Mo convincing published
evidence of cancer
association
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Tier IV: Benign or
Likely Benign Variants

Observed at significant
allele frequency in the
general or specific
subpopulation databases

No existing published
evidence of cancer
association



VSClincial AMP Workflow

« Evaluate Which Variants to Report
 Classify Evidence Following AMP Guidelines
* Your Interpretations Saved & Re-Used

* Built In Auto-Scoring of Somatic & Germline
(ACMG Guideline) Variants

* Integrated Reporting
« Results: Comprehensive, Consistent, Efficient
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Clinical
Report
Outline

Results

Biomarkers
Secondary Germline
Variants of Unknown
Significance

Coverage Report

References



Integrated Data Sources

MSK-Impact Somatic Variants

« COSMIC
« Mutations
« Fusions
 Gene Census
« Hallmarks of Cancer
 Clinical Evidence Sources:
* DrugBank
« CIVIC
« PMKB
» Golden Helix CancerKB Interpretation Knowledgebase
(Beta)
« Jump start your interpretations
« Can contribute back anonymized interpretations
* Provides well cited interpretations for most common biomarkers
* Others: » ICGC Somatic Variants
* Genetic Home Reference .
* Clinical Genomic Database e TCGA Somatic Variants
 CPDB Pathways .

* |InterPro Protein Domains

Cancer Hotspot Regions
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Score Catalogs In-Silico Literature Assessments

Q

and Catalog Entries

GRCh37: 7:140453136 A/T
NC_000007.13: g.140453136A>T
GRCh38: 7:140753336 A/T
~_000007.14: g.140753336A>T
IM_004333.4: ¢.1799T>A
IP_004324.2: pNVGOOE (p.Valc00GIu)
dbSNP: rs113488022 (added in v132)
Jar |D: 13961 (Pathogenic, 1 star, 23 conditions on 2019-05-01)
gnomAD:  1of 251,260 (version 2.1.1)
SMIC: COSMA476 (28296 samples in v88)
CID: 12 (79 evidence records on 2019-06-01)
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Upcoming Webcasts

* July: Scoring of Somatic Variants for Oncogenicity with VSClinical
* Present scoring similar to ACMG for classifying somatic variants rigorously
* Dr. Nathan Fortier, Director of Research

* August: Using VSClinical AMP Guidelines to Perform Cancer Testing
* Reporting Secondary Germline findings using ACMG guidelines
e Customizing clinical report to match the requirements of your lab
* Darby Kammeraad and Dr. Eli Sward, Field Application Scientists

e September: Cancer Interpretation Reuse and Golden Helix CancerKB
* Saving and re-using interpretations with your own lab knowledgebase
 Starting with 80% of your report written with Golden Helix CancerKB
* Gabe Rudy, VP Product & Engineering



GOLDEN HELX

Enabling Precision Medicine

NIH Grant Funding Acknowledgments

* Research reported in this publication was supported by the National Institute Of General Medical Sciences of the National
Institutes of Health under:

* Award Number R43GM128485-01
* Award Number R43GM128485-02
* Award Number 2R44 GM125432-01
* Award Number 2R44 GM125432-02

* Montana SMIR/STTR Matching Funds Program Grant Agreement Number 19-51-RCSBIR-005

* Plis Dr. Andreas Scherer, CEO Golden Helix.

* The content is solely the responsibility of the authors and does not necessarily represent the official views of the National
Institutes of Health.



GOLDEN HEL{X

Enabling Precision Medicine

Questions

Ask a question by typing them in
the “Questions” tab
on your GoToWebinar Panel

File View Help @~ _ &=

» Audio
» Questions )

9 GoloWebinar

B g



Limited Time Offer

15-months of VSClinical +Cancer Add-On

with a one-year license purchase

Ends on June 30th

To learn more, mention it in the Q&A pane, reach out to your Area
Director, or email info@goldenhelix.com.
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New eBooks

We released two new eBooks last week —
download your complimentary copies!

bit.ly/ghiebooks
CLINICAL VARIANT GENETIC TESTING
ANALYSIS FOR CANCER FOR CANCER

Applying AMP Guidelines to

, 1 cditi
Analyze Somatic Variants hird Edition

Govoeny HeLx GO oenN HELx
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Heading to ESHG in Sweden!

GOLDEN HEL:X

We will be demoing VSClinical, along with
all our other software solutions! Stop by
the Golden Helix booth to see it for
yourself and pick up a free t-shirt!

Booth #368

European Human Genetics Conference
BOOTH 368 Gothenburg, Sweden | June 15-18, 2019 ESHG
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