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A Comparative and Integrated Approach to Cancer 
Research and Drug Development: What is the Value?

 Naturally-occurring, spontaneous cancers – solid 
tumors, hematologic cancers

 Immune-competent host

 Compressed disease progression, short survival

 Co-evolving tumor/stroma heterogeneity

 Application of chemotherapy, surgery, 
radiotherapy; single-agent and combinations

 Resistance to therapy and metastasis

 No ‘standard of care’





The State of Comparative Oncology in North America

Intramural + Extramural NCI –
Comparative Oncology Program

Focus on Cancer Drug Development, 
Comparative Genomics and 
Translational Tumor Biology

Comparative Cancer Genomics
Breen Lab – NCSU

TGen
Broad Institute

Ostrander Laboratory- NIH/NHGRI

10 Veterinary Colleges with 
formal membership and 

integration to NCI 
Comprehensive Cancer 

Centers 

Several with informal or 
individual interactions

Other cooperative veterinary 
clinical trial groups (private 
practice and academic-led)

NIH or other National 
Funding/Philanthropy for 
Comparative Oncology 

Research 

Increasing 
support from 

Pharma to 
conduct early 
phase studies 

with novel 
cancer 

therapeutics

Integration of 
Comparative Oncology 
within the Cooperative 

Group Structures 

(Children’s Oncology 
Group; NCI-CTEP, 

NeXT)

The NCI Comparative 
Oncology Trials Consortium

(COTC)

Study of gene-
environment and 

cancer-associated 
risk factors
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COP

Osteosarcoma-
focused 

laboratory 
research

COTC trials

Support to 
extramural 

NCI
DCTD/DTP

NExT

Collaborations

GOAL: integration of 
comparative biology 

and clinical trial data to 
advance the 

translational relevance 
of canine cancer to 

humans



Auburn University
Auburn, AL

Colorado State University
Ft. Collins, CO

Cornell University
Ithaca, NY

Kansas State University
Manhattan, KS

Iowa State University
Ames, Iowa

Louisiana State University
Baton Rouge, LA

Oregon State University
Corvallis, OR

Purdue University
West Lafayette, IN

Texas A&M University
College Station, TX

The Ohio State University
Columbus, OH

Tufts University
North Grafton, MA

University of California
Davis, CA

University of Georgia
Athens, GA

University of Guelph
Guelph, ON Canada

University of Illinois
Urbana, IL

University of Minnesota
St. Paul, MN

University of Missouri
Columbia, MO

University of Pennsylvania
Philadelphia, PA

University of Saskatchewan
Saskatoon, Saskatchewan

University of Tennessee
Knoxville, TN

University of Wisconsin
Madison, WI

Virginia Tech
Blacksburg, VA

Washington State University
Pullman, WA

Advocacy for the 
Appropriate Integration 

of Comparative 
Oncology Trials

Academia
Pharma

NCI
Regulatory Bodies

Reagent/Resources 
to conduct studies in 

Comparative 
Oncology

Integrated Canine 
Data Commons

PD Core - CSU
Contract Core

TMAs/Cell Lines
Biospecimen 
Repository

The NCI Comparative Oncology Trials Consortium (COTC)



• >10,000 middle-old age, large and giant breed dogs in the US/year vs. ~ 1000 pediatric/AYA cases
• Median Survival Time: 10-14 months - majority develop metastatic disease
• Shares many clinical and molecular features with pediatric osteosarcoma
• Canine model recognized as a key component of discovery process for new therapies for children

Canine Osteosarcoma

Images courtesy of Jessica Beck/NCI, Nicola Mason/UPenn and Kristen Weishaar/CSU

Canine Human



Define genomic 
landscape of canine OS 
with COP biospecimen 

repository

Integrate with human 
OS data (NCI TARGET)

Identify new druggable 
targets

Interrogate with 
preclinical (mouse) 

models

Prioritize therapeutic 
approaches to study in 
canine OS clinical trials

The National Cancer Institute
Comparative Oncology Trials Consortium

A Comparative 
Approach: Leveraging 

existing tools and 
expertise to identify new 

approaches for 
pediatric OS
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…informing drug development for human 
patients?

…identifying translationally relevant canine 
OS subtypes as models for humans?

… exploring the molecular and biological 
origins of OS across species?

How is comparative study of naturally-occurring canine osteosarcoma (OS)...



10LeBlanc AK, Mazcko C. Nat Rev Cancer 2020

The Comparative Molecular Landscape of Canine and Human Osteosarcomas



Therapeutic approaches include:  
Novel biologics/vaccines

Rapalog inhibition of mTOR
Metabolic targeting of metastatic cells

TOP1 inhibitors
Demethylating agents

A Comparative Approach to Osteosarcoma Drug Development:
Translational studies of agents designed to improve outcomes for dogs and humans

Canine OS Trials
Minimal residual disease studies
• Comparative Oncology Trials 

Consortium 
• Prioritize agents for human 

MRD/adjuvant based studies of 
metastatic progression

Localized Primary Minimal Residual
Disease

Distant Gross 
Metastasis

12 Months

Later Phase Trials

Minimal Residual
Disease

Early Phase Trials

Measurable
Disease

The COP has enrolled ~450 canine patients on 3 trials over the last ~5 years 
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Summary of current COTC Osteosarcoma Clinical Trials

COTC-022

Standard of Care 
(SOC)

-Amputation
-Carboplatin x 4 @ 
300 mg/mg2 IV q21 
days

COTC-021

Adjuvant Rapamycin

-SOC
-4 cycles of oral 
Rapamycin
-4 days on/3 days off x 
28 days

COTC-026

Adjuvant Listeria
her2/neu vaccine

-SOC
-1 x 109 ADXS31-164 
(frozen form)
-3 doses, q21 days

11/2015 – 2/2018
n = 332 dogs
LeBlanc AK, et al. Clinical Cancer Research 2021 11/2017 – present 

n =  124 dogs



Bulk 
genomics

• Outcome-linked 
clinical biospecimen 
samples

• Subtypes and 
prognostic signatures

Biomarkers

• AI/deep learning, 
computational modelling 

• Nanostring IO profiling 
of immune landscape

Tumor 
Heterogeneity

• Metastases and 
surrounding tumor 
microenvironment

• CTCs, ctDNA, single-
nuclei sequencing



DOG2 project: 
goals and methods

 Create a comprehensive comparative dataset 
describing the molecular landscape of canine 
OS

 Leverage existing outcome-linked biospecimen 
repository
 Tumor, matched normal, biofluids; all 

outcome-linked
 Exploratory: n = 12
 Discovery: n = 55
 Validation: n = 250

 WGS, WES, RNAseq
 Proteomics, methylation profiling, single-

nuclei sequencing

 Integrate with human OS data generated 
through NCI TARGET initiative (NCI/CCR P. 
Meltzer, J. Khan)

 Define prognostic signatures and tumor 
subtypes that can be compared with humans 
and form the basis of the next generation of 
harmonized canine/human clinical trials

The National Cancer Institute
Comparative Oncology Trials Consortium N = 157 dogs; Median Disease-free Interval (Intent to Treat) 

= 173 days (5.8 months)



Existing NCI and NCATS datasets and expertise 
support dog-to-human translation



Combined experimental 
& bioinformatic protocol

Tawa GJ, Braisted J, Gerhold D, Grewal G, 
Mazcko C, et al. (2021) Transcriptomic 
profiling in canines and humans reveals cancer 
specific gene modules and biological 
mechanisms common to both species. 
PLOS Computational Biology 17(9): e1009450. 
https://doi.org/10.1371/journal.pcbi.1009450
https://journals.plos.org/ploscompbiol/article
?id=10.1371/journal.pcbi.1009450

https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1009450


Comparative aspects of the immune 
landscape of canine and human OS:
-Primary tumors
-Primary tumors vs. matched metastases
-Geospatially distinct metastases 



Natural canine tumor heterogeneity provides opportunities for image-based 
biomarker discovery and predictive computational modelling

Images courtesy of G. Tom Brown and Sushant Patkar, NCI/MIB/AIR



AI approach to risk stratification in OS
N = 150 scanned H&E images of canine primary tumors
 Outcome-linked: predictive algorithm?
 Transferable to human OS?
 Comparative OS tumor board

Images courtesy of Jess Beck/NCI/COP and G  Tom Brown and Sushant Patkar  NCI/MIB/AIR



The National Cancer Institute
Comparative Oncology Trials Consortium

N = 157 dogs; Median Disease-free Interval (Intent to Treat) 
= 173 days (5.8 months)

Natural canine tumor heterogeneity provides opportunities for image-based 
biomarker discovery and cross-species predictive computational modelling

Canine Human

Standardized therapy =
Opportunity to discern 
prognostic factors

 Algorithm performance will be developed and tested in scanned canine OS lesions, then assessed in human OS image sets
Key question: Can we inform beyond % necrosis after neoadjuvant chemotherapy for humans?

 Exploration of relationships between imaging, clinical outcome, genomic data
 Future direction: relationships between matched primary/metastatic pairs
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NCI’s Integrated Canine Data Commons (ICDC)
”Further research on human cancers through comparative analysis with canine cancer.” 

Share your data in the Cancer Research Data Commons’ canine-specific cloud-based 
repository 

Imaging Genetic
genomic/

transcriptomic

Clinical Immunological

Access many types of comparative oncology data sets including:

Analyze data with more than 1,000 tools and workflows in the cloud resources
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Find, Then Analyze data

ICDC is a node in NCI Cancer Research Data 
Commons. Use filters to find data to use in analysis

canine.commons.cancer.gov/#/cases

Non-CRDC analytical access:

NCI Cloud Resources provide analytics and are 
hosted by The Broad Institute, The Institute for 
Systems Biology,  and Seven Bridges

Users can also use their own AWS account and 
analytical tools

Researchers can bring their own data and tools 
to the cloud, and combine with data in the CRDC 
for integrative analysis
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Access data: Web & API (caninecommons.cancer.gov)

Submit data: caninecommons.cancer.gov/#/submit
Help: ICDCHelpDesk@mail.nih.gov



Alumni:
Katie Bardales, DVM
University of Pennsylvania College of 
Veterinary Medicine
Resident in Medical Oncology

Aswini Cherukuri
North Carolina State University - College of 
Veterinary Medicine, Class of 2024

Anusha Kambala
George Washington University - School of 
Medicine, Class of 2023

Christine Tran Hoang, DVM
University of Illinois - College of Veterinary 
Medicine, Class of 2020

Hongsheng Wang, MD PhD
Faculty - Department of Orthopedics, 
Shanghai General Hospital  & Shanghai Bone 
Tumor Institute, Shanghai, China

NIH-NCI Center for Cancer Research
-Molecular Imaging Branch and Artificial Intelligence Resource (AIR)
-Genetics Branch (Dr. Paul Meltzer, Bob Walker)
-Pediatric Oncology Branch (Dr. Troy McEachron)
-Radiation Oncology and Biology Branches (Drs. Murali Cherukuri, Kazu Yamamoto)
-NeuroOncology Branch (Drs. Mark Gilbert, Mioara Larion, Adrian Lita, Tyrone Dowdy, 
Victor Ruiz-Rodado)

NIH-NCATS Therapy for Rare and Neglected Diseases (TRND) Program and Division of 
Preclinical Innovation (DPI)
NCI Division for Cancer Treatment & Diagnosis (DCTD)
NIH Divisions of Veterinary Resources (DVR) and Radiation Safety (DRS)
NIH-NHLBI Chemical Synthesis Center

Dr. Chand Khanna
COTC member institutions, investigators, and support staff: past, present and future
Hope Veterinary Referral Center – BluePearl of Rockville, MD

Thank you to current and former COP members!
Christina Mazcko, BS

Ling Ren, PhD
Shan Huang, MD PhD

Erika Berger, DVM DACVIM
Joshua Mannheimer, PhD

Jessica Beck, DVM PhD DACVP



Questions?
Thank you for your attention



www.cancer.gov www.cancer.gov/espanol
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