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Abstract. The sequencing of the canine genome, combined 
with additional genomic technologies, has created opportuni‑
ties for research linking veterinary genomics with naturally 
occurring cancer in dogs. Also, as numerous canine cancers 
have features in common with human cancers, comparative 
studies can be performed to evaluate the use of cancers in dogs 
as models for human cancer. There have been several reviews 
of veterinary genomics but, to the best of our knowledge, there 
has been no comprehensive review of the literature of canine 
cancer genomics. PubMed and CAB Abstracts databases were 
searched to retrieve relevant literature using the search terms 
‘veterinary’, ‘cancer’ or ‘oncology’, and ‘genomics’ or ‘tran‑
scriptomics’. Results were manually assessed and grouped 
based on the techniques used, the cancer type investigated and 
genomic lesions targeted. The search resulted in the retrieval 
of 44  genomic and transcriptomic studies, with the most 
common technique employed being comparative genomic 
hybridization. Across both fields, the most commonly studied 
cancer type was canine osteosarcoma. Genomic and tran‑
scriptomic aberrations in canine cancer often reflected those 
reported in the corresponding human cancers. Analysis of the 
literature indicated that employing genomic and transcrip‑
tomic technologies has been instrumental in developing the 
understanding of the origin, development and pathogenesis of 
several canine cancers. However, their use in canine oncology 
is at an early phase, and there appears to be comparatively 
little understanding of certain canine cancer types in contrast 
to their human forms. Aberrations detected in all tumors were 
tabulated, and the results for osteosarcoma, lymphoma and 
leukemia, mast cell tumor, transmissible venereal tumor and 
urothelial carcinoma discussed in detail.
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1. Introduction

Cancer is a leading cause of death of dogs, representing 27% 
of all deaths in pure bred dogs in the UK in one mortality 
study and approximately half of all deaths in dogs >10 years 
of age (1). The advantages of using canine cancer as a model 
for human cancer are multifaceted  (2) and offer a prime 
example of the benefits of One Health approaches in the 
study of both human and animal disease. Tumors in dogs 
have a similar incidence to those in humans and do not 
require exogenous factors as they often do in mice (2). Not 
only do canine tumors occur naturally and under similar 
environmental conditions to those in humans, a number 
of types of tumor also have similar histopathological and 
biological behaviors (2,3). The clinical presentation is often 
similar in dogs and humans, as are a number of aspects of 
clinical pathology (4). Since numerous pure breeds of dog 
have closed populations, there is relatively high homogeneity 
in these animals (2,4). The lack of genetic diversity results in 
fewer deleterious alleles being required to induce a cancer in 
pure breeds (4). Therefore, it is easier to map these alleles, 
determine which are causative and compare them with a 
human genome with the same cancer type. In addition, dogs 
also have shorter lifespans than humans, and therefore, 
clinical trials and cohort studies can be conducted in much 
shorter time periods than are required for human trials (2,4).

The fields of genomics  (5,6) and transcriptomics have 
undergone rapid growth in the last two decades, particularly 
with the completion of the Human Genome Project in 2003. 
The first full canine genome was subsequently published in 
2005 (7). Since then, there have been numerous technological 
breakthroughs in the field of genomics and transcriptomics, 
and hence in the ability to sequence and understand the genetic 
makeup of the genome, as well as the proteins it encodes. In 
the veterinary field, this information has been used to inform 
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breeding decisions, the classification of species, disease resis‑
tance and the pathogenesis and diagnosis of diseases, including 
the identification of biomarkers.

A number of techniques have been employed to study 
the genome and transcriptome. Comparative genomic 
hybridization (CGH) is one of the more commonly used 
techniques in veterinary genomics. In contrast to karyo‑
typing and fluorescence in‑situ hybridization (FISH), CGH 
does not require prior knowledge of a particular aberra‑
tion to locate abnormalities, but scans the entire genome 
for copy number aberrations (CNAs). The test genome is 
compared with the control genome, and the intensity of 
fluorescence is indicative of the magnitude of the change in 
copy number. This technology has been further developed 
by introducing CGH into microarrays, which use smaller 
fragments of genetic material to increase the specificity of 
the process (8). The benefit of this technology is its ability to 
identify biomarkers to aid the diagnosis of multiple canine 
cancers by locating specific aberrations and patterns present 
in the cancer genome. Improved methods of diagnosis have 
also led to an enhanced understanding of tumorigenesis and 
the pathology of cancers, and in some cases, specifically 
targeted treatments. Canine cancer studies are not only of 
benefit to dogs, as some canine tumors have been shown to 
be acceptable models for studying similar human cancers, 
while results extrapolated from human cancer studies have 
prioritized certain research avenues in the study of canine 
cancer avenues, hence highlighting the very definition of 
One Health. This has resulted in the expansion of the field 
of comparative oncology.

The present review was prompted by the multiple 
approaches used in genomic and transcriptomic studies in 
veterinary medicine, which suggest that a closer examination 
of the commonalities between canine and human oncology is 
merited. The review examines the veterinary literature and 
establishes the technology used, the types of cancer investi‑
gated and the lesions of the genome targeted, thus identifying 
where gaps in the literature exist and providing an overview of 
further areas that need to be addressed.

2. Materials and methods

A literature search was completed on January 14, 2019 using 
the public databases CAB Abstracts® and PubMed. The 
search terms included ‘veterinary’, ‘cancer’ or ‘oncology’ 
and ‘genomics’. The PubMed search produced 550 results, 
while the CAB Abstracts search produced 96 results. A 
second search was then completed using the terms ‘veteri‑
nary’, ‘cancer’ or ‘oncology’ and ‘transcriptomics’. The 
PubMed and CAB Abstract searches produced 28 and 12 
results, respectively. Both searches were conducted with an 
open‑ended time frame. Papers that were not written in or 
translated into English were eliminated. The results were 
then manually assessed to eliminate studies that did not 
include veterinary species or were based on technology in 
other fields, such as proteomics. Studies based on animal 
models for the study of purely human diseases were also 
excluded. The remaining papers were then classified into 
three categories, namely genomic primary research studies, 
transcriptomic primary research studies and review papers. 

In the first two categories the studies were then tabulated 
based on the type of cancer studied, techniques used, 
target lesion of the genome and outcome of the study. An 
additional search was carried out on May 13, 2020 and a 
further 15 suitable papers were retrieved and included in 
the present review.

3. Genomics

A summary of the 26 genomics studies retrieved, based on 
the cancer type studied, technique used, target lesion of the 
genome and outcome of the study is shown in Table I. Of these 
studies, seven focused on canine osteosarcoma, three on types 
of lymphomas and leukemias, two each on mast cell tumors 
(MCTs), glioma, hemangiosarcoma and canine transmissible 
venereal tumors (TVTs) and one each on urothelial carcinoma, 
histiocytic sarcoma, meningioma, prostate cancer, mammary 
carcinoma, pheochromocytoma and paraganglioma, ocular 
squamous cell carcinoma and Tasmanian devil facial tumor 
disease. The most commonly used technologies in these 
studies were CGH/array‑based CGH (aCGH), followed by 
FISH, DNA microarray, whole genome sequencing, quantita‑
tive PCR (qPCR), whole exome sequencing and analysis/linear 
modelling.

4. Transcriptomics

A summary of the 13 transcriptomics studies retrieved, tabu‑
lated based on the cancer type studied, technique used, target 
lesion and outcome of the study is shown in Table II. In these 
transcriptomics studies, canine osteosarcoma was the most 
commonly studied type of cancer, being the subject of three of 
the retrieved papers, followed by nine other tumor types. The 
remaining studies comprised two papers on squamous cell 
carcinoma of the horn in cattle, one study each on canine oral 
melanoma, MCT, lymphoma, soft tissue sarcoma, urothelial 
carcinoma, mammary carcinoma and splenic hemangiosar‑
coma, and one study that investigated various cancer types. 
The techniques used included reverse transcription‑PCR 
(RT‑PCR) or RT‑qPCR, microarray technology, quantitative 
nuclease protection assay (qNPA) technology and differential 
display PCR (ddPCR).

Among these studies, the most frequently used technology 
was CGH/aCGH, which featured in approximately half of 
the studies, followed by FISH and DNA microarray, whole 
genome sequencing, qPCR and whole exome sequencing. 
CGH is particularly useful as it enables researchers to identify 
copy number changes by comparing sample tumor genomes 
with control genomes, and hence determine which changes are 
consistent among tumor populations and may, therefore, be 
markers of disease. Microarray CGH has also been employed, 
enabling researchers to locate smaller aberrations (9).

All studies included in the present review were on canine 
tumors, with the exception of two studies on bovine squamous 
cell carcinoma, one on equine squamous cell carcinoma 
and one on Tasmanian devil facial tumor disease. Studies 
pertaining to the most commonly investigated tumor types are 
discussed below according to tumor type, in decreasing order 
of frequency based on the number of studies published on each 
tumor type.
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5. Studies pertaining to the most common tumor types

Canine osteosarcoma. Canine osteosarcoma is a common 
cancer in dogs. Due to the biological behavior and high preva‑
lence of osteosarcoma in dogs, which is 27‑fold higher than that 
in humans (10), in addition to its radiographic and histological 
features and patterns of metastases that are similar to those 
in humans (10), canine osteosarcoma has been suggested to 
be an appropriate animal model for human osteosarcoma. In 
total, there are 900 genes that have been associated with osteo‑
sarcoma (10,11). In humans, most cases are not heritable and 
only two heritable genetic loci have been found (10), whereas 
in comparison, there are at least 34 heritable genetic loci in 
four breeds of dogs are associated with osteosarcoma (10). 
However, human and canine osteosarcoma have similar risk 
factors for development of the neoplasia. Osteosarcoma is 
more common in males in humans and numerous dog breeds, 
taller humans and large/giant dogs are predisposed (10,12), and 
breed and race are also risk factors. Neutering status is a risk 
factor in dogs, with neutered animals at higher risk; although 
this is not applicable in humans, it suggests an association of 
osteosarcoma with hormonal changes in both humans and 
canines (10).

In canine osteosarcoma, the majority of cases occur in the 
appendicular skeleton, particularly the forelimb, and at the 
time of diagnosis, it is estimated that 80% of dogs already have 
metastatic disease (13). Factors that indicate a poor prognosis 
include high levels of serum alkaline phosphatase, systemic 
spread, increased tumor size, youth and high histologic 
grading (13,14). The clinical diagnosis is usually confirmed by 
either a histological (14) or cytological examination (15).

In the literature reviewed, several different genetic 
techniques were used to investigate the genomics and tran‑
scriptomics of osteosarcoma. In one study, oligonucleotide 
aCGH (oaCGH) was used to determine genetic changes 
common to human and canine osteosarcoma  (16). CNAs 
were located in canine osteosarcoma in the RUNX family 
transcription factor 2, cyclin‑dependent kinase‑like 5, MYC, 
cyclin‑dependent kinase inhibitor (CDKN) 2A and CDKN2B 
genes, previously reported to be altered in human osteosar‑
coma, as well as a number of additional genes (16). However, 
the authors noted the difficulty in differentiating genetic 
changes that are causative and changes that are coincidental or 
a result of the neoplastic process (16), a drawback shared by all 
similar studies. In another study (17), aCGH was also employed 
to locate CNAs throughout the canine cancer genome, and was 
combined with single locus probe (SLP) FISH analysis to give 
a more accurate interpretation of the presence of a CNA in a 
particular locus in the tumor population. This is because SLP 
determines the presence or absence of an aberration cell by 
cell, whereas aCGH only detects it in the global population and 
it may be averaged out to a normal level if there are both inser‑
tions and deletions in the tumor (17). aCGH was also employed 
to assess the deletion status of the bone tumor suppressor gene 
disks large homolog 2, common to both human and canine 
osteosarcoma, which were found to occur in 42 and 56% of 
cases, respectively (11). Research has also been carried out 
to link genes involved in osteosarcoma with their human or 
canine orthologues. Scottish Deerhounds are a giant breed of 
dogs that exhibit a high incidence of bone cancer. In a study 
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continuing earlier work (18), which suggested that osteosar‑
coma within this breed can be explained by the presence of a 
major gene of dominant effect in the Deerhound genome that 
contributes to the osteosarcoma phenotype, whole genome 
mapping was used to show that a novel locus for canine osteo‑
sarcoma maps to chromosome CFA34, the canine orthologue 
of human 3q26, in which several candidate tumor suppressor 
genes have been identified (12).

In the last decade, transcriptomics has also served a role in 
canine and human osteosarcoma research. Two studies (19,20) 
employed RT‑qPCR to determine the differential expres‑
sion of genes, one of which  (19) assessed erythropoietin 
receptor (EPO‑R) gene expression in canine and feline osteo‑
sarcomas. While both dogs and cats develop osteosarcoma, the 
occurrence of metastasis is vastly different between the two 
species, with the canine form frequently exhibiting metastasis 
(80‑90%) while the feline form is rarely (5‑10%) metastatic (21). 
The EPO‑R has been found to be expressed on neoplastic 
cells in certain types of tumors, and is therefore considered 
to potentially play a role in tumor progression through an 
autocrine mechanism. On this basis, the expression of EPO, 
EPO‑R and platelet‑derived growth factor BB was analyzed in 
feline and canine osteosarcomas using immunohistochemistry 
and RT‑qPCR, to evaluate a potential association between their 
expression levels and metastatic potential. The study detected 
EPO‑R expression in canine and feline tumor samples, but 
suggested only a minimal role for EPO‑R in tumor develop‑
ment in both species (19). The expression of stem cell growth 
factor receptor KIT, quantified by RT‑qPCR and immunohis‑
tochemistry, was observed to be significantly higher in canine 
than in feline osteosarcoma samples, indicating that it may be 
involved in the higher aggressiveness of canine osteosarcoma 
compared with feline osteosarcoma (20).

Osteosarcoma is often treated with adjuvant doxorubicin or 
carboplatin following amputation of the affected limb. Intra‑ 
and interspecies gene‑expression based models have been 
used to predict chemosensitivity and treatment outcome in 
canine osteosarcoma, with evaluation conducted using micro‑
array gene expression and drug sensitivity data from human 
and canine cancer cell lines, and canine osteosarcoma tumor 
datasets. These models were shown to successfully predict 
the sensitivity of canine osteosarcoma to treatment, a finding 
that may facilitate improved outcomes in dogs and serve as a 
pre‑clinical validation method in human cancer research (22).

Leukemia and lymphoma. Not all CNAs detected in canine 
tumor genomes are applicable or comparable to the corre‑
sponding human forms. A number of regions showing CNAs 
throughout the canine non‑Hodgkin lymphoma  (NHL) 
genome identified in one study exhibited very little associa‑
tion with aberrations in the human NHL genome, including 
the CDKN2A/B deletion (23). The conclusion was that the 
stability of the canine tumor genome in NHL was greater than 
that of the corresponding human form (23).

FISH is an early technology used to study chromosomal 
changes, such as translocations and deletions, and compare 
them with known changes in human cancer genomes (24). 
FISH was employed in one study to map changes in canine 
tumor genomes in canine chronic myeloid leukemia, Burkitt's 
lymphoma and chronic lymphocytic leukemia, and compare 

them with changes in the corresponding human cancers (25). 
In canines with Burkitt's lymphoma, a rearrangement homolo‑
gous to the human t(8;14) one was found, and for canine 
chronic lymphocytic leukemia, the deletion at the RB tran‑
scriptional corepressor 1 locus known to occur in the human 
form was also located. However, in canines with chronic 
myeloid leukemia, a BCR‑ABL fusion transcript shown to be 
homologous to the human t(9;22) variant was only present in 
26% of cells, indicating significant differences between this 
canine cancer and the human form (25).

RT‑PCR technology has been used to study the differ‑
ential gene expression profiles and differentially expressed 
genes (DEGs) in dogs with multicentric high‑grade B‑cell 
lymphoma (26), at the chemotherapy‑sensitive and ‑resistant 
stages. A total of 57 DEGs were identified and 16 of them 
were associated with chemotherapy‑resistance. Importantly, 
11 genes with significant changes in expression levels were 
detected in seven dogs with chemotherapy‑resistant lymphoma.

Canine MCTs. MCTs are the most common cutaneous cancers 
in the canine species (27,28) and are present in 0.27% of the 
population (28). Humans are also susceptible to this type of 
tumor; hence, again, the naturally high prevalence in dogs 
makes them a good candidate for a comparative oncology 
approach. One study used aCGH to search for CNAs in the 
genomic DNA of MCTs from two populations of dogs in 
which the MCTs exhibited differing biological behaviors; 
one comprised dogs that survived <6 months from the date 
of diagnosis and the other comprised dogs that survived 
>12 months (29). Particular CNAs were found to be present 
significantly more frequently in the population with the 
shorter survival time; these included regions of gain in 
MAPK3, WNT5B, fibroblast growth factor, forkhead box M1 
and RAD51 recombinase genes and regions of loss in PTEN 
and FAS genes (29).

Similar CNAs were identified in human and canine cancer 
MCTs in a study that used aCGH to locate CNAs in the canine 
cancer genome over a large sample size (n=109) including 
multiple breed types (30), which strengthened the validity of 
the study. This study found a correlation between the number 
of CNAs present in the tumor genome and the tumor grade, 
with a greater number of CNAs indicating a higher grade. Four 
CNAs were identified that could potentially be used as markers 
for aggressive MCTs in dogs (Table I) (30). Furthermore, the 
study screened for a KIT mutation often found in human MCTs 
and found that was often present in canine MCTs, and more so 
in tumors with a malignant phenotype (30). This is, therefore, 
potentially important for the development of diagnostic tests 
or optimization of prognostic schemes for human or canine 
patients with MCTs.

RT‑qPCR technology has been employed to detect 
DEGs between MCT samples from two canine populations 
with cutaneous MCTs, one comprising dogs that died from 
MCT‑associated causes and the other comprising dogs with 
surgically removed MCTs that survived to the end of the 
follow‑up period (31) (Table II). A total of 375 DEGs were 
identified, a high number of which were associated with solute 
carrier transporters and UDP glucuronosyltransferases, both 
of which have been associated with chemotherapy‑resistance 
in human oncology (31).

https://www.spandidos-publications.com/10.3892/ol.2021.12597
https://www.spandidos-publications.com/10.3892/ol.2021.12597
https://www.spandidos-publications.com/10.3892/ol.2021.12597
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Canine TVT. TVT is a cancer that is transmitted between dogs 
during coitus via the transplantation of allograft cancer cells 
from a tumor‑bearing animal to the genitals of an unaffected 
animal (32). The disease affects the global canine popula‑
tion and has been in existence for thousands of years (32). 
Its longevity and transmissible nature have made it a popular 
cancer to study.

In 2016, a study used whole genome sequencing to 
examine the mitochondrial DNA (mtDNA) in tumor samples 
from dogs with TVT (32). The strength of this study lies in its 
large sample size; 449 TVT samples were used from a global 
population to gain a representative view of the distribution of 
the disease in all its genetic forms. The study demonstrated 
that there were five distinct genetic clusters, indicating that 
there were five different occasions in which horizontal 
mtDNA transfer occurred. This allowed the authors to map 
the spread of the disease throughout the world (32). Another 
whole genome study looked for the presence of single 
nucleotide variants and structural variants in the canine 
TVT genome by creating a large data library of inherited 
polymorphisms found in the genomes of wild and domestic 
canids throughout the world (33). Polymorphisms present in 
TVT but not common to genomes in the library are likely 
to be changes associated with the ability of TVT to evade 
detection in the body and instigate allograft creation (33). 
However, one issue with this method is that by creating a 
library of polymorphisms present in the canid genome, some 
founder‑inherited alleles are read as somatic changes that have 
occurred since the origin of the TVT because these alleles are 
not present in the genome of the modern canid population. 
This misclassification overestimates the number of somatic 
variations present in TVT by ~3.7% (33). Nonetheless, this 
study exemplifies how whole genome sequencing can be 
utilized to determine polymorphic changes over time in a 
large population. Although it lacks a human counterpart, 
study of this unique tumor type may offer special insights 
into certain aspects of tumor clonal evolution and tumor‑host 
interaction.

Canine invasive urothelial carcinoma (iUC). Canine iUC is 
another excellent example of the use of comparative oncology 
in the improvement of the understanding and treatment of 
human cancers. Its success as a model for human iUC lies 
in its similar pathology, molecular biology and response to 
treatment (34). In addition, canine iUC has very similar sites 
of metastasis that occur with similar frequency to those in 
humans  (34). Urothelial carcinoma in humans is defined 
as invasive if it has invaded at least as deep as the lamina 
propria (34). Much of the work on the comparative genomics 
of urothelial carcinoma has been based on the determination 
of genetic changes common to both canine and human forms 
with the aim of improving the diagnosis, understanding of the 
oncogenesis and refining its treatment.

In one study, oaCGH was used to target genetic changes 
consistent between human and canine forms of urothelial cell 
carcinoma (35). Whilst changes were found throughout the 
genome, the majority of changes comprised gains of CFA13 
and CFA36, and losses of CFA19 of the canine genome. 
Numerous shared CNAs were identified between the human 
and canine genomes, and the frequencies of the aberrations 

were used to determine those most likely associated with 
urothelial carcinoma and those that represented conserved 
changes (35). The use of purebred dogs is beneficial due to their 
relative homogeneity, which makes it easier to differentiate 
relevant areas of the genome as there is less natural genetic 
variation. A gain of HSA 8 is the most common copy number 
change in human urothelial carcinoma and this is equivalent to 
a gain of CFA13, indicating there are similar genetic changes 
in human and canine forms of this cancer. The shared area 
of these two chromosomes is associated with the poly(A) 
binding protein cytoplasmic 1 gene. Other genes in shared 
areas of CNAs that merit further study include CDKN2A, 
S100 calcium‑binding protein  A8 (S100A8), S100A9 and 
LDL‑receptor related protein 1B (35). One possible limitation 
of this investigation was the method by which canine bladder 
cancers were sampled. Typically, samples were gained via 
cystoscopy, which takes a few layers of the bladder in which 
the tumor may invade; therefore, not all layers were available to 
be assessed, and some cases may have been at a later stage and 
more aggressive than diagnosed. This may have affected the 
correlation of the CNAs with the degree of severity reported 
by this study. More complete sampling of full thickness biopsy 
samples as is performed in human medicine may lead to more 
reliable results in this aspect.

A qNPA was developed to increase the yield and 
quality of genetic material harvested from formalin‑fixed 
paraffin‑embedded (FFPE) tissues, and was used to search 
for the increased expression of mRNA in canine iUC 
samples (36). The study found that in canine iUC, the EGFR 
and Erb‑B2 receptor tyrosine kinase 2 genes are upregulated, 
as are the MET and estrogen receptor 1  genes, the latter 
two of which are known to be overexpressed in aggressive 
human bladder cancers (36). Therefore, the study concluded 
that using this assay method is effective for the retrieval of 
genetic material and measurement of gene expression in FFPE 
samples. However, another study that investigated the current 
methods used to extract DNA and RNA from FFPE samples 
concluded that significant issues remain with the extraction 
methods, leading to RNA and DNA samples being inadequate 
for ongoing processing (37). These issues include factors such 
as warm tissue ischemia and the duration between sample 
collection and fixation, which affect the quality of the genetic 
material  (37). Hence, it appears that further study may be 
necessary to establish guidelines that will enable samples of 
the best possible quality to be obtained.

A gene expression microarray was employed to find 
expression patterns in the canine form of iUC that are known 
to be present in the human form (5). The study concluded that 
numerous genes were enriched in canine iUC and have similar 
expression patterns to those in the human form. Changes in 
the P53 pathway such as mutations and aberrations were also 
found to be common to both species (5).

6. Review articles

Five review papers were retrieved by the PubMed and CAB 
Abstracts searches and these reviews focus on different 
aspects of the literature on genomics and transcriptomics. 
The first paper chronologically examines the development of 
canine genetic studies, beginning with whole chromosomal 
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studies using techniques such as FISH and moving on to 
more advanced technologies such as CGH that examine 
the genome down to the basepair level (38). By reviewing 
how these technologies have been used, the paper discusses 
how they have led to findings that have improved our under‑
standing of canine evolution and oncology  (38). Another 
review paper by the same group examines the functionality 
of different technologies and the type of genomic changes 
they are able to detect in greater detail (39). However, both 
reviews are now limited as they were published over a 
decade ago and, therefore, do not include the newer technolo‑
gies and processes currently used. A third paper examines 
post‑genomic techniques applied in canine oncology, system‑
atically moving through different neoplastic types to review 
the technologies and science used to develop our current 
understanding of that cancer type (40). It highlights where 
technology has been successful and how technology may 
advance in the future to further understand these cancers. 
The fourth review paper is more targeted in that it focuses 
solely on transmissible cancers, namely Tasmanian devil 
facial tumor disease and TVT (41). The review focuses on 
how sequencing of the genomes of these tumors and muta‑
tion analysis have contributed to our knowledge of how these 
tumors originated and have developed over time. Finally, the 
fifth, most recent paper discusses the advantages that the 
presence of strong phenotypic homogeneity within canine 
breeds and extraordinary phenotypic variation between 
breeds offers to the identification of genes for a large number 
of canine maladies for which mouse models do not exist (3).

7. Conclusions

The aim of this review was to evaluate the current literature 
pertaining to veterinary genomics and transcriptomics in 
the area of oncology, including papers of value in human 
comparative oncology. From a database literature search using 
the terms ‘veterinary’, ‘cancer’ and ‘genomics’, 44 relevant 
articles were retrieved, the majority of which concerned 
canine tumors. These articles were reviewed to determine 
which cancer types were studied, the technology utilized, 
the genomic lesions targeted and the outcomes of the studies, 
and the principal findings were tabulated. In most studies, 
significant differences were found between the cancer genome 
studied and the control (usually non‑cancer) genomes. To the 
best of our knowledge, this is the first review of this kind in the 
area of veterinary genomics and transcriptomics that focuses 
precisely on canine oncology. This review also concludes 
that genomic and transcriptomic technologies have been 
instrumental in developing our understanding of the origin, 
development and pathogenesis of a number of canine and 
human cancers, and has highlighted the areas in which more 
work needs to be done. Some studies were hampered by small 
sample sizes due to the difficulty in procuring enough samples 
or participants, while other issues lay in sample procurement, 
including issues with tumor sample collection, storage or the 
history accompanying the sample.
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