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Cancer Genomics: Navigating the Rugged Landscape
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Cancer is a Disease of Mutant Genes

Modified from Vogelstein and Kinzler

Hendricks et al (Trent). Cancer Genomics and Evolution. Holland-Frei Cancer Medicine. 2016 Oct 17:1-27

= MUTATION

Mutations Drive Malignant Phenotypes

Hanahan and Weinberg. Cell. Volume 144, Issue 5, 4 March 2011, Pages 646-674. PMID 21376230 .

Guo et al. Seminars in cancer biology. Vol. 35. Academic Press, 2015.

National Cancer Institute (NCI). www.cancer.gov/about-cancer/understanding/what-is-cancer 

TP53

BRAF

Mutation Types

Hendricks et al (Trent). Cancer Genomics and Evolution. Holland-Frei Cancer Medicine. 2016 Oct 17:1-27.
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Mutation Sources

Adapted from the Loizou Lab (www.loizoulab.org)

Inheritance

Cancer Genes

https://cancer.sanger.ac.uk/cosmic

Version 91, April 2020

>723 

Genes 

Causally 

Implicated 

in Cancer

1,443,198
Samples

27,496
Papers

34,657,730
Coding mutations

1,207,190
Copy number variants

19,396
Fusions

The Genomics Revolution

https://www.genome.gov/about-genomics/fact-sheets/Sequencing-Human-Genome-cost
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Cancer Genome Landscapes

Modified from The ICGC/TCGA Pan-Cancer Analysis of Whole Genomes Consortium. Nature 578, pgs 82–93 (2020). PMID 32025007   

Actionability Horizons: Why We Care about Mutations

First in Human

Trials
(1998)

Dose-Finding 

Trials
(2002)

FDA Approval 

(conditional)
(2003)

Ph III confirmatory trial 

in unselected patient 

population fails to show 

benefit
(2004)

FDA and AZ agree to 

cease commercialization
(2005)

Paez et al & Lynch et al. publish* 

analyses that identify EGFR 

mutations as determinants of 

gefitinib response
(2004)

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 III trials
(2011 - 2013)

FDA approval 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

Genetics of Breast and Gynecologic Cancers (PDQ®)
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They can be Diagnostic…

BCR-ABL in CML

Druker et al, Nat Med, 1996, PMID 8616716

...Prognostic...

Langerod et al. BMC Breast Cancer Research. 2007. PMID 17504517

...and Predictive of Response to Targeted Drugs

Salama and Flaherty. Clin Cancer Res 2013. PMID 23770823

Flaherty et al. NEJM 2010. PMID 20818844

Chapman et al. NEJM 2011. PMID 21639808

Vemurafenib in BRAF-Mutant Melanoma 
Phase 1 Dose Escalation (Flaherty, 2010)

Vemurafenib in BRAF-Mutant Melanoma Phase 
3 Randomized v Dacarbazine (Chapman, 2011)

Vemurafenib Targets Mutant BRAF
(50% of Melanoma Cases)
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A Structured Framework for Genomic Biomarker Annotation

AMP: Association for Molecular Pathology
ASCO: American Society of Clinical Oncology

CAP: College of American Pathologists

Modified from Standards and Guidelines for the Interpretation 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. J Mol Diagn. 2017. PMID 27993330 

Genomic Diagnostics are Core Tools in Human Oncology

Molecular Pathology

● > 321 Molecular Pathologists

● > 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

Genetic Mutations in Routine Oncology Diagnostics

https://www.amp.org

https://www.oncokb.org

Genomic Testing across the Human Cancer Care Continuum

Setting Screening Diagnosis Disease Monitoring

Risk Prediction and 
Early Detection

Treatment Response and 
Minimal Residual Disease

Diagnosis and
Treatment Planning

● 23andMe’s Genetic Health 

Risk

● Exact Sciences’ Cologuard

● Grail’s Galleri

● More…

● Guardant Health’s Guardant360 

CDx (and CDx Liquid)

● Foundation Medicine’s 

FoundationOne CDx (and 

FoundationOne Liquid)

● Exact Sciences’ OncExTra

● More…

● Adaptive Biotechnologies’ 

clonoSEQ

● Natera’s Signatera

● Guardant Health’s 

Guardant360 Response

● More…
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Genomic Biomarker-Driven Drug Development

Mateo et al. Nat. Medicine. 2022.

https://www.gene.com/medical-professionals/pipeline

Human Cancer Genomics is Making a Difference

AACR, SEER.CANCER.GOV

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
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Challenges in Canine Cancer Management

Early Cancer Detection 

Cancer detection today is:

� Reactive: “I see a lump”

� Happenstance: Annual exam

= Late-stage detection

Cancer Treatment 

� Access: Only 5-10% of cases 

currently seeking care can 

be seen by specialists

� Limited options

� High cost
Cancer Monitoring

� Frequency: Bloodwork and imaging 

every 3-4 months

� Variable sensitivity

� High cost per visit

Mochizuki et al, Chromosome Research, 2017. PMID 28058543. 

Canine Cancer is a Genetic Disease: Evidence for Stepwise 
Accumulation of Mutations in Canine Cancers

Canine Cancer Genome Landscapes

Papers: >145

Cancer Types: >48

Canine Cancer Genomes: > 3,000
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Canine Cancer Genome Landscapes: Lymphoma

Adapted from PMIDs 26377837, 25468570, 17606508, 26377837, 25372838, 29854308, 29854308, 21375435

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-Cell Genes: CDKN2A/B, RAF1, ERBB2, MDM4, CDK4, SATB1…

Canine Cancer Genomic Landscapes: Osteosarcoma

Adapted from Sakthikumar et al, Cancer Research, 2018. PMID 29724721, Gardner et al, Communications Biology, 2019. PMID 

31341965, and LeBlanc and Mazcko, Nat Rev Cancer, 2020. PMID 32934365

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

Surveying Canine Pan-Cancer Genomic Landscapes

Genomic analysis across 53 canine cancer types reveals novel mutations and high clinical actionability 

potential. Sakthikumar S, Warrier M, Whitley D, Trent JM, Hendricks W, Wang G. Vet Comp Oncol. 
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Routinely Unearthing New Genomic Discoveries

Landmarks

● Low mutation burden 
resembling human never-
smoker lung cancer 
(hNSLC)

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

● Enrichment for HER2 
hotspot

Lorch et al, Clin Canc Res, 2019. PMID 31431454

Canine Cancer Actionability Horizons: Biomarkers

Genomic analysis across 53 canine cancer types reveals novel mutations and high clinical actionability 

potential. Sakthikumar S, Warrier M, Whitley D, Trent JM, Hendricks W, Wang G. Vet Comp Oncol. 

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

Patient

< 2 Weeks

Genomic
Reference Lab

Assay

Tumor
Sample

Pathologist

DataMutations

Veterinary GP 

or Specialist

Molecular 
Guidance InformaticsReport

Individualized 
Patient 

Management

Veterinarian

Tumor
Sample

Assay Validation Needs

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

Clinical Validation: Performance in well-annotated, representative 
cohorts

Ongoing Laboratory Proficiency and Competency Testing

NGS Data Analysis Steps

� Teraflops of compute power needed: 1 Teraflop = 1 trillion 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-$30 of compute cost 

depending on analysis complexity

Genome Alignment

Data Cleanup and QC

Variant Identification

Variant Filtering

Variant Annotation and/or Classifier 

Report Generation
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The Clinical Utility of Genomic Diagnostics for Dog Cancer

Chon, Esther, et al. "Genomic tumor analysis provides clinical guidance for the management of diagnostically 

challenging cancers in dogs." Journal of the American Veterinary Medical Association 261.5 (2023): 668-677.

Genomic analysis provided 

diagnostic clarity in 37 of 69 

cases (54%; group 1)…

and therapeutic and/or 

prognostic information in 22 of 

the remaining 32 cases (69%; 

group 2) for which the diagnosis 

remained elusive. 

Overall, the genomic assay was 

clinically useful in 86% (59/69) 

of cases.

Genomically Informed Treatment can Improve Outcomes 

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

Mutations as Targets

Zhong L et al, Signal Transduct Target Ther, 2021, DOI: 10.1038/s41392-021-00572-w

https://genetics.thetech.org/ask-a-geneticist/dog-vs-human-dna

targeted drugs FDA-
approved 
for human cancers

targeted drugs available for 
vets through compounding 
pharmacies

targeted drugs evaluated 
for CANINE safety 
information

Safety?

PK/PD?
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Setting Screening Diagnosis Disease Monitoring

Prevention, Risk Prediction, 
Early Detection

Treatment Response

Minimal Residual Disease

Diagnosis and 
Treatment Planning

Emerging Canine Cancer Genomic Diagnostics

Challenges and Pitfalls

Thank You

Will Hendricks, PhD

whendricks@tgen.org
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