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A Comparative and Integrated Approach to Cancer
Research and Drug Development: What Is the Value?
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rlmproving human cancer therapy
through the evaluation of pet dogs

Amy K. LeBlanc(®* and Christina N. Mazcko

Abstract | Comparative oncology clinical trials play an important and growing role in cancer
research and drug development efforts. These trials, typically conducted in companion (pet) dogs,
allow assessment of novel anticancer agents and combination therapies in a veterinary clinical
setting that supports serial biologic sample collections and exploration of dose, schedule and
corresponding pharmacokinetic/pharmacodynamic relationships. Further, an intact immune
system and natural co-evolution of tumour and microenvironment support exploration of novel
immunotherapeutic strategies. Substantial improvements in our collective understanding of the
molecular landscape of canine cancers have occurred in the past 10 years, facilitating translational
research and supporting the inclusion of comparative studies in drug development. The value of the
approach is demonstrated in various clinical trial settings, including single-agent or combination
response rates, inhibition of metastatic progression and randomized comparison of multiple
agents in a head-to-head fashion. Such comparative oncology studies have been purposefully
included in the developmental plan for several US FDA-approved and up-and-coming anticancer
drugs. Challenges for this field include keeping pace with technology and data dissemination/
harmonization, improving annotation of the canine genome and immune system, and generation
of canine-specific validated reagents to support integration of correlative biology within clinical

trial efforts.
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Canine Osteosarcoma

>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

Images courtesy of Jessica Beck/NCI, Nicola Mason/UPenn and Kristen Weishaar/CSU
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How is comparative study of naturally-occurring canine osteosarcoma (0S)...

...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?

Deciphering the

do g 2 Osteosarcoma

Genome in Dogs




PDGFRA or PDGFRB gain PTEN loss
GPCR RTK * Human: 13% * Human: 56%
AR LO * Canine: 29% * Canine: 42%
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The Comparative Molecular Landscape of Canine and Human Osteosarcomas
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SETD2 loss
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« Canine: 20-42%

TP53 mutations or
copy number loss MYC gain Histone
* Human: 95% * Human: 39% modification
* Canine: 24-83% * Canine: 38% (e.g. H3K36)
RB1 mutations or copy » Human: CCNE1 amplification in 33%; CDK4
number loss amplification in 11%; CDKN2A deletion in 10-20%
= Human: 40-64% » Canine: CDKN2A or CDKN2B copy number loss
« Canine: 4-29% in46-78%

LeBlanc AK, Mazcko C. Nat Rev Cancer 2020
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A Comparative Approach to Osteosarcoma Drug Development:
Translational studies of agents designed to improve outcomes for dogs and humans

Localized Primary Minimal Residual Distant Gross
Disease N Metastasis

| Canine OS Trials

Minimal residual disease studies
™! « Comparative Oncology Trials
_ Consortium
| e Prioritize agents for human
MRD/adjuvant based studies of
metastatic progression

12 Months

The COP has enrolled ~450 canine patients on 3 trials over the last ~5 years
|

Therapeutic approaches include:

I Early Phase Trials I Novel biologics/vaccines I Later Phase Trials
Rapalog inhibition of mTOR

Metabolic targeting of metastatic cells
TOP1 inhibitors
Demethylating agents

\

Measurable Minimal Residual
Disease Disease




Summary of current COTC Osteosarcoma Clinical Trials

MORRIS
ANIMAL
FOUNDATION

Standard of Care
(SOC)

Adjuvant Rapamycin

Adjuvant Listeria

-Amputation -SOC her2/neu vaccine

-Carboplatin x 4 @

A—=weala= of Oral

.
CLINICAL CANCER RESEARCH | CLINICAL TRIALS: TARGETED THERAPY 1N -SOC

Adjuvant Sirolimus Does Not Improve Outcome in Pet n/3 days Off X -1 X 109 ADXS31-164

Dogs Receiving Standard-of-Care Therapy for (frozen form)

Appendicular Osteosarcoma: A Prospective,
Randomized Trial of 324 Dogs o« ! -3 dOSGS, q21 days

Amy K. LeBlanc', Christina N. Mazcko', Aswini Cherukuri', Erika P. Berger”, William C. Kisseberth®,
Megan E. Brown®, Susan E. Lana®, Kristen Weishaar®, Brian K. Flesner®, Jeffrey N. Bryan®, David M. Vail®,
Jenna H. Burton’, Jennifer L. Willcox”, Anthony J. Mutsaers®, J. Paul Woods®, Nicole €. Northrup?, \ ’
Corey Saba®, Kaitlin M. Curran'®, Haley Leeper'®, Heather Wilson-Robles”, '

Brandan G. Wustefeld-Janssens”, Stephanie Lindley'™, Annette N, Smith"™, Nikolaos Dervisis™*',
Shawna Klahn", h:sar:.r Lynn Higgin%otham“‘. Raelene MigWouda‘E, Erika Krick", Jennifelg A. Mahoney',
Cheryl A. London™, Lisa G. Barber™, Cheryl E. Balkman™~, Angela L. McCleary-\Wheeler -, / —
Steven E. Suter’”, Olya Martin, Antonella Borgatti*?, Kristine Burgess'®, Michael Q. Childress™, 12021 1 1 20 1 7 p rese nt
Jarnean L. Fidel®, Sara D. Allstadt™, Daniel L. Gustafson®, Laura E. Selmic®, Chand Khanna**®, and n = 1 2 4 dogs

Timothy M. Fan®™®
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DOG? project:
goals and methods

» Create a comprehensive comparative dataset
describing the molecular landscape of canine
0S

» 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 f % P
and form the basis of the next generation of . LA A S 5 A/,
harmonized canine/human clinical trials instagram/thebarkhous




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

BROWSE PUBLISH ABOUT SEARCH Q

PLOS COMPUTATIONAL BIOLOGY advanced search

& OPEN ACCESS i PEER-REVIEWED

RESEARCH ARTICLE

Transcriptomic profiling in canines and humans reveals
cancer specific gene modules and biological mechanisms
common to both species

Gregory J. Tawa [E], John Braisted, David Gerhold, Gurmit Grewal, Christina Mazcko, Matthew Breen,
Gurusingham Sittampalam, Amy K. LeBlanc

Published: September 27, 2021 « hitps:/doi.org/10.1371/journal.pcbi. 1009450

Article Authors Metrics Comments Media Coverage Peer Review Download PDF -
v e ]




A. CCOGC canine samples B. RNA-SEQ

" Combined experimental

puLm G RMNA cDMA Sequence reads . . :
o & bioinformatic protocol
O3A 225 > % _} _ Tawa GJ, Braisted J, Gerhold D, Grewal G,
BLSA " samples f" r{, S Mazcko C, et al. (2021) Transcriptomic
> Hcgagestn, profiling in canines and humans reveals cancer
TLSA . ? - 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
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https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1009450
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nCounter® Canine 10 Panel

Product Highlights:

* Profile 800 genes across 47
annotated pathways involved in
canine immune response to 1O
treatments

* Qverlapping content with
NanoString's Human PanCancer 1O
360 and PanCancer Immune
Profiling Panels provides a suite of
panels for comparative studies

* PanCancer coverage with tumor
specific content for top canine
cancers including Melanoma,
Osteosarcoma, Lymphoma,
Urothelial Carcinoma, and Glioblastoma Comparative aspects of the immune

landscape of canine and human OS:

-Primary tumors

-Primary tumors vs. matched metastases
* Easy data sharing and collaboration with a common set of genes and a panel -Geospatially distinct metastases
standard

 Easy to use nCounter system provides data in 24 hours with less than 30 minutes
hands on time and simple data analysis




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

Label Color Description
TumarOB | yellow entire lumor: predominantly of osteoblastic differentiation
HMN rod Hemarrhage, necrosis
Exclude black exclude region (i.e., multiple tissues on slide)
CB teal chandroblastic ditferentiation (snlarged cell, central nuclei, graybius cyloplasm})
GC grean giant cell-rich region (mullinucleated cells)
fibrcblastic differentiation (spindle-shaped celis forming streams and bundles +/-herringbone
FB purple pattern)
VR orange wascular-rich {te ectatic differentiation w/ vascular spaces lined by tumor calls

R

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



Al approach to risk stratification in OS
N = 150 scanned H&E images of canine primary tumors
» Outcome-linked: predictive algorithm?

> Transferable to human 0S? |
» Comparative OS tumor board

m NATIONAL CANCER INSTITUTE

OSTR | Office of Science and Technology Resources

Artificial Intelligence Resource (AIR)
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Natural canine tumor heterogeneity provides opportunities for image-based
biomarker discovery and cross-species predictive computational modelling

Canine

N = 157 dogs; Median Disease-free Interval (Intent to Treat)

The National Cancer Institute =173 days (5.8 months)
Comparative Oncology Trials Consortium 100_
T T T T 2, £ r o —_— H —_
T | * ,Jil- 7o 9 Standardized therapy =
S I\ S Opportunity to discern
Faw 24 ™ |° |m LA ST S prognostic factors
1] . = * - '::.' r Y f f'j:j-{m- ‘Il'll 2 /)]
wr R 1 % W h,—fj_"fﬂ /j:’J'“ ‘E 50-
" w S EE T
I S —L M oM | ¥
SN | ® g : k| ok e 2
e | e O A O e
™ & I = 4 *_ Mo 1‘_,.:_'(_'?_-’ *_r‘lf:k = &
1 M "y s ]
) LE \mfFr ey
[ el _ M ""'*'I o\
3 ._—\-- ™ . '-.uf : ___-_,.‘.:' 4 C | | 1 1 |
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Disease-free interval (days)

» 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



NClI’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
/Access many types of comparative oncology data sets including: \
@)
Imaging Genetic Clinical Immunological
genomic/
K transcriptomic /
O [ Analyze data with more than 1,000 tools and workflows in the cloud resources ]

m NATIONAL CANCER INSTITUTE



Find, Then Analyze data m NATIONAL CANCER INSTITUTE

canine.commons.cancer.gov/#/cases Cancer Research Data Commons

° ICDC is a node in NCI Cancer Research Data |
Commons. Use filters to find data to use in analysis | o, &oies o g SomimeTmn g oo

N

'NCI Cloud Resources provide analytics and are | 2 == ' - RN
® | hosted by The Broad Institute, The Institute for

| Systems Biology, and Seven Bridges |
° Users can also use their own AWS account and \

analytical tools B (@ g B

Researchers can bring their own data and tools

° Non-CRDC analytical access:
to the cloud, and combine with data in the CRDC

o ®
for integrative analysis < QWS At
upyter
, 5 Jjupy

m NATIONAL CANCER INSTITUTE 22



Access data: Web & API (caninecommons.cancer.gov

g, TRl RS AN
HATIONAL CANCER INSTITUTE o ,1@% - "‘i._‘\i B e ‘ T
Integrated Canine Data Commons *_} Pt i t* B ’ N g i - e

Stage of Diseaso b
L L
Dispase Site

Mewsored Status - i B

Fillar By Samgles

Sample Typa b

Sample Pathelogy

Filber By Files

Pl Assaciatien SAMPLES (509) FILES (765)

File Type

Filis Fonmad
0 Cessn” Stucly Cocg Sty Typs Erned Cingnosts Stage of Diseasn Aou Sa (T ]
O Chnical Trial Bangr Lymphama ns (LR ] Female veu
D COTCHTA Chnical Trial Samoyed Lymphima m a Female s
D COTCoOTe CEnical Trial oiden Aeiriever Lymphama 1} (1] Wale Yeu

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

m NATIONAL CANCER INSTITUTE




Ling Ren, PhD

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

Shan Huang, MD PhD
Erika Berger, DVM DACVIM
Joshua Mannheimer, PhD

Jessica Beck, DVM PhD DACVP

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 lllinois - 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
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Questions?
Thank you for your attention
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