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Introduction
Comparative Oncology is an approach that has recently gained significant prominence in both
the lay and scientific press.1-3 Comparative Oncology refers to the discipline that integrates
the naturally occurring cancers seen in our veterinary patients into more general studies of
cancer biology and therapy. This includes the study of cancer pathogenesis (i.e. the study of
cancer-associated genes and proteins) and the study of new treatment options for the
management of cancer.4 By nature this approach provides novel opportunities for current and
future veterinary and human cancer patients. Although a number of veterinary species,
including the cat, horse and ferret, develop cancers that are of comparative interest, the majority
of both the scientific and clinical effort has thus far focused on the dog.5, 6 This is due to the
strong anatomic and physiologic similarities between dogs and humans, their long use as a
toxicological model in drug development and, most importantly, the sheer number of dogs that
are diagnosed and managed with cancer annually.1, 4, 7-11 The state of the comparative
oncology field will be outlined in this chapter with an emphasis on cancer in dogs.

Problem of Cancer in Dogs
The problem of cancer in dogs is a serious challenge that we face as veterinarians. It is estimated
that one in four dogs greater than 2 years of age will die of cancer and certain very popular
breeds are over-represented in terms of cancer incidence and mortality.1, 4, 7 The prevalence
of cancer in dogs has increased in recent years. This may be the result of an actual increase in
cancer incidence, an increase in the population of dogs at risk for the development of cancer,
and/or the awareness and interest in the pet-owning community to pursue diagnostic and
treatment options. Advances in the care of animals has allowed dogs to live longer due to better
nutrition, vaccination for common infectious diseases, leash laws that limit automobile deaths
and the availability of more sophisticated diagnostics and treatments for many ailments
previously considered to be life-threatening. The improved general health of pets has resulted
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in an increase in age-related diseases, including cancer. Aware of the treatment options
available for two-legged family members, pet owners now demand advanced care options for
four-legged family members diagnosed with cancer. This includes all traditional treatment
modalities such as surgery, radiation therapy, immunotherapy and chemotherapy and novel
investigational drugs available through participation in clinical trials.4, 12-29

Comparative Advantage
Cancer in dogs shares with human cancer many features, including histological appearance,
tumor genetics, molecular targets, biological behavior and response to conventional therapies
(Figure 1).1-4, 18, 30-47 Significantly, cancer develops naturally in dogs within the
environment they share with their human owners. Tumor initiation and progression are
influenced by the similar factors including age, nutrition, sex, reproductive status, and
environmental exposures.9, 48 The spectrum of cancers seen in dogs is as diverse as that seen
in human patients. Some histologies of comparative interest include osteosarcoma, melanoma,
non-Hodgkin’s lymphoma, leukemia, prostate carcinoma, mammary carcinoma, lung
carcinoma, head and neck carcinomas, soft tissue sarcomas and bladder carcinoma.

More important than histologic appearance, the basic biology of cancer in dogs is similar to
human cancers. Most, if not all, of the cancer associated genetic alterations that influence cancer
progression in humans have been identified in canine cancer.3, 7, 35, 37, 39, 41, 43-45, 49,
50 Many of the chemotherapy protocols used in veterinary medicine were originally co-opted
from protocols used to treat human patients and have a similar activity spectrum.4 For example,
the same chemotherapeutics that are active in canine lymphoma are those active in human
lymphoma (i.e. vincristine, cyclophosphamide, doxorubicin, mitoxantrone, cytarabine
arabinoside, methotrexate). 4 The opposite is also true; the drugs not as helpful in canine
lymphoma are also not as helpful human lymphoma (i.e. gemcitabine, cisplatin, carboplatin).
4 Similar parallels have been seen in investigative and targeted therapeutics. The biological
complexity of cancers in pet animals mirrors that of the human disease based largely on the
intra-tumoral (cell-to-cell) heterogeneity seen in these cancers. Natural consequences of this
heterogeneity are the deadly features of all cancers, which include acquired resistance,
recurrence, and metastasis.1, 2, 4, 10, 32, 51, 52 In these ways, companion animal cancers
capture the “essence” of the problem of cancer in ways not seen in other animal model systems.

A Window of Opportunity
The opportunity to expand the scope of questions asked and answered through a comparative
oncology approach has been the result of the completion of the recent canine genome sequence
and resultant technologies generated using this genetic information. The efforts of the Canine
Genome Project have resulted in the 2005 public release of a high-quality sequence covering
99% of the canine genome (2.5 billion base pairs).32, 34 Interrogation of the genome sequence
suggests that all ~19,000 genes identified in the dog match to a similar or orthologous gene in
the human genome.32, 34 Thus, the genome of the dog and human are similar enough to suggest
that information learnt about one species can be transferred to and applicable to the other. The
information provided by the canine genome sequence has become increasingly usable to
veterinarians and research scientists through reductions in the costs for development of
scientific tools.33, 53, 54 For example, oligonucleotide microarrays have been available for
the study gene expression in human and murine tissues for several years. This technology
allows the assessment of thousands and soon millions of gene segments within a single tissue
in the matter of hours. The availability of a well-described canine genome has now led to the
development of commercially available canine expression microarrays. Therefore veterinary
cancers can be increasingly described in the same “language” as their human counterparts. This
infrastructure provides the ability to conduct detailed and biologically intensive studies in
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canine cancer, not previously possible, which can evaluate target genes/proteins and pathways
important in cancer biology, study their changes after exposure to new cancer therapies
(described as pharmacodynamics) and connect the changes in these cancer targets to successful
therapy.

The exploratory tools now available for the study of canine cancer have also been useful in
studying the causes of both human and canine caners. Unfortunately, dogs of all breeds,
including the ever-popular mixed breed, develop cancer. However, it has been known for many
years that there are some breeds that have a higher incidence of cancer. This has been an
emphasis of research funding by the Morris Animal Foundation (MAF) and the American
Kennel Club-Canine Health Foundation (AKCCHF).7, 51 Some over-represented breeds
include the Boxer for mast cell tumors, Rottweilers and Greyhounds for osteosarcoma, Golden
retrievers for lymphoma, Scottish terriers for transitional cell carcinoma of the bladder, Flat-
coated retrievers and Bernese mountain dogs for histiocytic sarcomas and Chow Chows for
melanoma.4, 32, 49, 55 Interestingly, decreased cancer incidence has also been reported in
some breeds as well. Studying breeds with increased cancer incidence is potentially informative
because the breed lines of most dogs are known with historically well-documented pedigrees.
Predisposed breeds provide the platform to readily identify genes known to be linked to cancer
development (i.e. oncogenes) and those whose loss trigger cancer development or progression
(i.e. tumor suppressor genes). Several genetic alterations and molecular signaling pathways
known to be important in human cancers have been defined and shown to be relevant in canine
cancers.3, 7, 35, 37, 39, 41, 43-45, 50 The genetic similarities between dogs within a breed
may allow more rapid progress in the identification of new cancer-associated genes than the
study of human or mouse cancers alone.

Opportunities Provided to Pets by the Comparative Approach
Clinical trials in veterinary oncology are increasing in number and scope. Attributes of the
comparative approach are a considerable reason for this increase as they provide a unique
opportunity to integrate studies that include dogs with cancer into the development path of new
cancer drugs.3, 13, 14, 16-19, 22, 24, 27, 38, 56 These new drugs may be used in dogs with
cancer prior to or during their study in human patients. The ability to gather serial biopsies
from tumors and repeated fluid collections (serum, plasma, whole blood, urine) from the same
patient during exposure to an investigational agent can answer complex questions about how
best to use drugs that cannot be answered from tumor measurements alone (Figure 2). This
serial sampling allows for the identification of tumor and surrogate markers of drug activity
or target modulation, pharmacodynamics endpoints, which can be uniquely correlated to
response in ways that are often not feasible in traditional preclinical rodent studies or in human
cancer trials.

Interest from the human cancer drug development industry is based on a need for more reliable
ways to evaluate new cancer drugs and the strong similarities established between veterinary
and human cancers.57, 58 Because there are no treatment standards for the management of
cancer in dogs, there is an added opportunity to provide pet owners and their dogs with access
to novel therapeutics earlier in the course of disease and before treatment with conventional
chemotherapy as compared to human patients participating in early phase human cancer trials.
Beyond the access to new and potentially effective treatments for cancer, most clinical trials
involve targeted cancer treatments that are less likely to be associated with side effects than
conventional treatment. Furthermore, trials often provide significant financial support to study
participants. As such, studies are particularly appealing to populations of clients who would
otherwise forego traditional cancer treatments. The naturally shorter life span of our patients
also permits the more rapid completion of clinical trials of novel agents that can assess outcome
within a 6-18 month window, again impossible in human cancer trials. The benefits of such
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clinical trials in dogs will include earlier assessment of drug activity and toxicity critical to the
design of more informed future veterinary and human clinical trials.

A number of cooperative groups exist to study cancer in dogs. These organizations are made
up of veterinary oncologists, surgeons, geneticists, basic scientists and general practitioners
who wish to understand the causes of cancer in dogs, seek improved treatments and utilize the
dog as a comparative model. The American College of Veterinary Internal Medicine
(www.acvim.org) is the body responsible for training board-certified veterinary specialists in
medical oncology; the American College of Veterinary Radiology (www.acvr.org) trains
individuals to become boarded in radiation oncology. The Veterinary Cancer Society (VCS;
www.vetcancersociety.org) founded in 1977 is an organization focused on education and the
sharing of scientific knowledge within the veterinary oncology community. VCS along with
the Veterinary Co-operative Oncology group (VCOG) have encouraged multi-center
collaborative studies that have largely been retrospective in nature. In 2006 the Comparative
Oncology and Genomics Consortium (CCOGC; ccr.cancer.gov/resources/cop/scientists/
resource_genomics.asp) Inc., a new not-for-profit entity was established. The CCOGC consists
of a broad representation of parties focused on the genetics and biology of cancer naturally in
dogs. A primary effort of the CCOGC has been the development of a canine cancer biospecimen
repository that can provide materials for large-scale studies of canine cancer biology.

The Comparative Oncology Program (COP; ccr.cancer.gov/resources/cop) of the National
Cancer Institute was developed in 2003 and has established a multi-center collaborative
network of academic comparative oncology programs known as the Comparative Oncology
Trials Consortium (COTC). The COTC is made up of 14 veterinary teaching hospitals and the
goal of this effort is to conduct well-organized and focused clinical trials that provide
biologically rich answers to the cancer therapeutic development pathway. These trials
emphasize pharmacokinetic and pharmacodynamic endpoints, correlating drug exposure to
modulation of tumoral markers and defining their relationship to activity. The first two COTC
trials were conducted at seven different institutions. COTC001 involved systemic delivery of
a targeted phage carrying the gene for TNF-α, a known potent cytotoxic and antiangiogenic
agent, that has been difficult to safely administer in the past. Data from a preliminary study
showed that this novel delivery method could effectively target tumor vascular and spare
normal organs while identifying a safely tolerable dose. This data was used to design a second
study where the agent was given once weekly and its effect on response measured. COTC001
was illustrative of the benefits of the comparative approach as the drug’s target was unique to
tumor vascular. Pet dogs with cancer were a necessary model to demonstrate the targeting
specificity of this agent within a naturally heterogeneous tumor environment. This model
provided the ability to fully evaluate the potential toxicities and efficacy of this drug, which
would not have been equally achieved in more traditional research models. Information from
this trial is currently directing the development path of this drug for human cancer patients.
COTC003 involves the evaluation of Rapamycin in dogs with osteosarcoma, a drug which
inhibits an important oncogenic pathway called mTOR that is upregulated in many tumor types.
Again the approach in the first phase of study is to define a dose that may be safely administered
to dogs that is capable of effectively inhibiting the activated mTOR pathway within the tumor
and hopefully correlating to a secondary blood marker of this activity. A follow up study in
dogs will measure Rapamycin’s benefit as a treatment for metastatic osteosarcoma. COTC003
provides an example of the benefits of serial tissue sampling allowing for evaluation of a target
pathway before and after exposure to a new drug. This type of information is vital to designing
more successful second phase treatment trials in canine and human cancer patients and is
impossible to uniformly accomplish in trials in man. Also both phases of this study will be
complete in less than 1 ½ years, much faster than the comparable human trials with analogues
of this drug. This provides an opportunity for early and simultaneous reporting of canine data
and subsequent integration of pertinent findings within the ongoing human clinical trials. If
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effective, this drug holds promise for future development in both species. As illustrated by both
of these trials, information provided by COTC studies aims to improve the drug development
pathway by answering critical questions in how best to use novel agents for the treatment of
cancer in dogs and man.

All of the multi-center efforts described emphasize collaborative science to further integrate
comparative oncology into mainstream studies of cancer biology. Most clinical trials are
conducted through academic veterinary teaching hospitals or referrals centers, but increasingly
include direct involvement from general practitioners. Engaging general practitioners in the
conduct of comparative oncology trials is essential to their success. This encourages more
robust patient accrual, compliant client participation and more accurate outcome and toxicity
reporting.

Conclusions
The value of Comparative Oncology has been increasingly recognized in the field of cancer
research including, the identification of cancer-associated genes, the study of environmental
risk factors, tumor biology and progression, and perhaps most importantly the valuation of
novel cancer therapeutics. Like all innovations, it is important to define where the comparative
oncology approach should and should not be used. This will continuously be defined on an
agent or target basis and evaluated as this approach is employed in the future. It is expected
that the fruits of this effort will be the creation of better and more specific drugs to benefit both
veterinary and human cancer patients.
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Figure 1. Advantages of Comparative Oncology
Cancer is a prevalent disease in dogs. The pet owning public is highly motivated to seek
advanced care for their pets and are interested in both traditional and experimental therapies.
Comparative Oncology aims to utilize the dog as a sophisticated model for the study cancer
biology and therapy. Attributes of this opportunity are numerous. Cancer in dogs naturally
share many of the genetic aberrations, oncogene over expression and tumor suppressor loss
seen in the human disease. This provides a platform for the evaluation of target biology.
Importantly pet dogs with cancer capture the complexity of cancer by representing tumor
heterogeneity both within individual tumors and between patients with the same diagnosis, in
a way impossible in traditional research models. Thus allowing for the study of metastasis
biology, disease recurrence and resistance patterns in true clinical patients, corresponding to
the key elements of the problem of cancer in man.

Paoloni and Khanna Page 9

Vet Clin North Am Small Anim Pract. Author manuscript; available in PMC 2008 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Comparative Oncology Focused Clinical Trial Design
Comparative Oncology clinical trial designs focus on answering specific questions important
for optimal drug development. The opportunity for serial biopsy of tumor, normal tissues, and
other biofluids before, during and after exposure to new agents is readily incorporated into
study designs. Biological evaluation of these tissues/samples can now include gene expression
analysis, SNP and CGH array genomics, and all protein based analyses common in human
studies. These evaluations can occur in parallel with advanced imaging studies including CT,
MR, PET and PET/CT. Thus these studies allow for the unique correlation of drug exposure
to tissue and fluid biomarkers and dynamic imaging endpoints. The anticipation is that studies
in pet dogs will improve the efficiency of toxicological assessment and also have the potential
to evaluate biology and activity in a natural occurring tumor model.
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