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Cancer Genomics: Navigating the Rugged Landscape
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Normal Epithelium

Cancer is a Disease of Mutant Genes
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Mutation Sources

ENDOGENOUS SOURCES Inheritance EXOGENOUS SOURCES
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The Genomics Revolution

Cost per Human Genome
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Cancer Genome Landscapes

Proportion of patients
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Actionability Horizons: Why We Care about Mutations

PhIll confirmatory trial

First in Human Dose-Finding FDA Approval in unselected patient FDA and AZ agree to
i ‘ Trials ‘ (conditional) population fails to show cease commercialization
(1998) (2002) (2003) nefit (2005)

(2009)

Paez et al & Lynch et al. publish*
analyses that identify EGFR
mutations as determinants of
gefitinib response
(2009)

Iressa Pan-Asia Study (IPASS)
reported out, comparing EGFR-
mutation positive arm with wild-type
and showed significant advantages
over carboplatin/ paclitaxal therapy
(2008-9)

Findings confirmed in Iressa Follow
Up Measure (IFUM) and multiple

other open-label Ph Il trials
(2011 -2013)

(" FDAapproval makes U.S. 91st
country to approve gefitinib as first-
line therapy for advanced EGFR
mutation-positive NSCLC as detected
by an FDA-approved test
(2015)

Cancer Gene Mutations can Identify Risk

Classic BRCA1 Pedigree

Ovarian, dx 49

O O @O

Breast, dx 42 Ovarian, dx 53

/7 Breast, dx 38
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They can be Diagnostic...

BCR-ABL in CML
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...and Predictive of Response to Targeted Drugs

Vemurafenib Targets Mutant BRAF Vemurafenib in BRAF-Mutant Mela
% of Melanoma Cases) Phase 1 Dose E Fiaherty

Vemurafenib in BRAF-Mutant Melanoma Phase
3 Randomized v Dacarbazine (Chapman, 20
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A Structured Framework for Genomic Biomarker Annotation

Tier I: Varlants of Tier li: Variants of Tier ll; Variants of Tier IV: Banign or
trong Clinical Patential Clinical Unknown Clinical Likely Benign
Variants
Prarspmen progan & S —
—— ————
Lovel A Evidence Lave C Evidence
FDA-apprived thorsoy

inchuded in professional

AMP: Association for Molecular Pathology
ASCO: American Society of Clinical Oncology
CAP: College of American Pathologists
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Modifled from Standrds and Guidelines for the Interpretation and Reporting of Sequence Varia
Association for Molocular Pathology, American Society of Clinical Oncology, and College of Ar

in Cancer: A Joint Consensus Recommendation of the
ican Pathologists. J Mol Diagn. 2017. PMID 27983330
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Molecular Pathology
« > 321 Molecular Pathologists
o > 1,240 Medical Geneticists

>2,600 Members of the
Association of Molecular
Pathology

84 Cancer Genetics or
Genomics Laboratories (56
Genomics)

1,734 Cancer Genetic or
Genomic Assays in Clinical
Practice

Genomic Diagnostics are Core Tools in Human Oncology

Genetic Mutations in Routine Oncology Diagnostics

738 6948

134 125
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Setting Screening

Risk Prediction and
Early Detection

23andMe'’s Genetic Health
Risk

Exact Sciences’ Cologuard

Grail's Galleri

e More

Diagnosis

Diagnosis and
Treatment Planning

Guardant Health's Guardant360
CDx (and CDx Liquid)

Foundation Medicine’s
FoundationOne CDx (and
FoundationOne Liquid)

Exact Sciences’ OncExTra

More

Genomic Testing across the Human Cancer Care Continuum

Disease Monitoring

Treatment Response and
Minimal Residual Disease

« Adaptive Biotechnologies’
clonoSEQ

Natera's Signatera

Guardant Health's
Guardant360 Response

* More

18




Genomic Biomarker-Driven Drug Development
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Human Cancer Genomics is Making a Difference

3-year Survival
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Cancer in Pet Dogs: A Massive Unmet Need

~ 6 MILLION canine cancer diagnoses per year
Cancer is the LEADING cause of death in dogs

74% of owners would do everything possible for their pet dog with
cancer and 50% of owners would pursue intervention...

...and yet 40% don’t receive treatment and 90% don’t receive
chemotherapy

21




Challenges in Canine Cancer Management

Acute Cancer

Cancer Treatment
* Access: Only 5-10% of cases

@

Apparently § Disease
Healthy currently seeking care can Mnitoring
be seen by specialists
3 * Limited options .
Early Cancer Detection e Cancer Monitoring
Cancer detection today is: High cost

* Frequency: Bloodwork and imaging

* Reactive: “I see a lump” every 3-4 months

* Happenstance: Annual exam

* Variable sensitivity
= Late-stage detection

* High cost per visit
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Canine Cancer is a Genetic Disease: Evidence for Stepwise
Accumulation of Mutations in Canine Cancers

Low High
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Peripheral Nerve Sheath Tumor

@
Gastrointestinal Stromal Tumor B Tumars anaiyzed by candidate-gene approaches
R

Canine Cancer Genome Landscapes

Adrenal Gland Cancer
Leukemia [l B Tumors analyzed by genomic approaches.
Glioma [SswmNAG
Lung Cancer FrmmEeI

Urothelial Carcinoma  SHRESSETEN— Papers: >145

Hemangiosarcoma e o
Lymphoma 2 "
ARy e Cancer Types: >48
Histlocytic Sarcoma w7 e .
Mammary Cancer - — Canine Cancer Genomes: > 3,000
-
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Canine Cancer Genome Landscapes: Lymphoma

Landmarks
« Low point mutation burden

Breed-specific mutations

T- and B-Cell Genes: MYC, KIT, AKT1, HRAS, TSC2, TP53...
B-Cell Genes: KDR, PDGFRA, RUNX1, TRAF3, FBXW7, POT1...
T T-Cell Genes: CDKN2A/B, RAF1, ERBB2, MDM4, CDK4, SATB1...

T-Cell Lymphoma

Cell Lymphoma
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Canine Cancer Genomic Landscapes: Osteosarcoma

Landmarks

«  Low point mutation burden

« High structural complexity

« Shared mutations and pathways with human OSA (e.g. TP53,
PIK3CA pathway)

* Unique features in dogs: SETD2 in 30-40%, DMD loss, no RB1
loss

g,

canceR TYPE

Surveying Canine Pan-Cancer Genomic Landscapes
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Duagnosis

PTENTI(11%)

Routinely Unearthing New Genomic Discoveries

® w ® ® N W owm 1234m

wc— Landmarks
5 UL L Low mutation burden
resembling human never-
" smoker lung cancer
(hNSLC)

Shared driver mutations &
pathways with hNSLC
(TP53, KRAS, ERBB

1 v pathway)

Enrichment for HER2
hotspot

Sampie Type: Tumex sl @Gl

Sequencing Plattorm:  Argicon «Exome  Sequencing data: No mutaton defoctcn s Lissanse 8 Truncatng @ Amgificston @ Dedeton
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Canine Cancer Actionability Horizons: Biomarkers

Percentage of Percentage of Percentage of
tumors with Dx tumors with Px tumors with Tx
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Genomic analysis acr vel mutations and high clinical actionability
potential, Sakthikumar I He W, Wang G. Vet Comp Oncol

Genomic Diagnostic Assay Design and Operation
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The Genomically Guided
Clinical Management Paradigm

Patient Veterinarian

Diagnostic Blomarkars

Individualized

Paient
- Management

<2 Weeks
L

=

(of Predictive) Biomarkers.
Veterinary GP Report Informatics ‘ )

or Specialist
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Assay Validation Needs

Analytical Validation: Sensitivity, Specificity, Cross-Contamination,
Reproducibility

Clinical Validation: Performance in well-annotated, representative
cohorts

Ongoing Laboratory Proficiency and Competency Testing
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NGS Data Analysis Steps

Genome Alignment

Data Cleanup and QC

Variant Identification

Variant Filtering

Variant Annotation and/or Classifier
Report Generation

+ Teraflops of compute power needed: 1 Teraflop = 1 trillon floating point operations per second

+ Petabytes of storage

* On today’s supercomputers in cloud environments, one sample can be processed in 1-6 hours for $2-830 of compute cost
depending on analysis complexity

33
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The Clinical Utility of Genomic Diagnostics for Dog Cancer

Genomic analysis provided Y
diagnostic clarity in 37 of 69
cases (54%; group 1)...

2%
OGroup1 ®Group2 mTotal

23>

and therapeutic and/or
prognostic information in 22 of
the remaining 32 cases (69%;
group 2) for which the diagnosis
remained elusive.

No. of cases
s o o 3

~

Overall, the genomic assay was
clinically useful in 86% (59/69)
of cases. Dxonly  Pxonly Txonly Dx+Px Dx+Tx Px+Tx Dx+Px+Tx

Clinical utility

°

Genomically Informed Treatment can Improve Outcomes

100%
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Novel genomic prognostic biomarkers for dogs with cancer. Chon E et al. J
Vet Intern Med. 2023 Oct 6. doi: 10.1111/jvim.16893. PMID: 37801037
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Mutations as Targets

Safety?
PK/PD?

3

145

targoted drugs FDA- targeted drugs available for targeted drugs evaluated
approved vets through compounding for CANINE safety
for human cancers pharmacies information

Zhong L et al, Signal Transduct Target Ther, 2021, DOI: 10.1038/541392-021-00572-w.
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Emerging Canine Cancer Genomic Diagnostics

Setting Screening Diagnosis Disease Monitoring
P ion, Risk Predicti Di is and Treatment Response
Early Detection Treatment Planning

Minimal Residual Disease
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Challenges and Pitfalls
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Thank You
Will Hendricks, PhD
whendricks@tgen.org
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