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Leading Cause of Death in Dogs

With six million dogs diagnosed with 
cancer every year in the USA, cancer 
is the leading cause of death in these 
pets. Our furry friends are exposed to 
the same environmental factors as 
their owners and suffer from many of 
the same types of cancer. It should not 
come as a surprise then, that dogs often 
respond to the same treatments as 
humans diagnosed with cancer. 

However, cancer tends to have an 
accelerated course in dogs, enabling 
clinical trials to be conducted more 
quickly and easily in dogs than in 
humans. For Dr Elinor Karlsson, this 
makes canine cancer an ideal model 
for human cancer. Our pet dogs 
represent an unparalleled opportunity 
for researching the risk factors that are 
involved in cancer and how this disease 
progresses. ‘To fully utilise family dogs 
as a model, we need to understand 
in far more detail the similarities and 
differences between dog and human 
cancers on both genomic and clinical 
levels,’ explains Dr Karlsson. ‘Finding 
canine and human cancers that share 
driver genes and pathways will enable 

development and clinical testing of new 
targeted genetic therapies in dogs that 
could help people too.’

A New Way to Detect Cancer in Dogs

While dogs may present as an ideal 
model to study human cancer, 
according to Dr Karlsson, this approach 
only works if research teams are ‘able to 
assemble much larger canine-patient 
cohorts than currently feasible.’ Under 
normal circumstances, obtaining 
tumour biopsies from dogs can be 
extremely difficult, or even impossible, if 
owners decide on only palliative care or 
if the dogs are seen at a small veterinary 
facility with only limited resources. 

To overcome this difficulty, Dr Karlsson 
and her team are using an innovative 
technique known as ‘blood biopsy’ that 
was originally developed for humans 
and adapting it for use with dogs (more 
details at https://www.broadinstitute.
org/blood-biopsy). Using an approach 
developed by Dr Karlsson’s collaborator, 
Dr Viktor Adalsteinsson at the Broad 
Institute’s Gerstner Center for Cancer 
Diagnostics, the team can detect cancer 
from a sample of blood by analysing 

DNA released from dying cells and 
circulating in the blood. While most 
of the DNA will be from non-cancer 
cells, this non-invasive procedure can 
distinguish the DNA released by tumour 
cells in a person, or a dog, with cancer. 

The technique involves the collection 
of blood samples in special tubes to 
avoid damage to the DNA strands. 
Other than that, it is no different from 
the blood draws done for other clinical 
tests, and can be completed easily in 
any veterinary clinic. The sample is 
shipped to the Broad Institute Genomics 
Platform, where the amount of DNA 
is measured and then sequenced to 
identify the genetic mutations in the 
tumour. 

COMMUNITY SCIENCE: 
STUDYING CANCER IN PETS 
AND PEOPLE 

The presentation and characteristics of cancer in dogs often 
resemble those seen in people. This observation led Dr Elinor 
Karlsson, based at the University of Massachusetts Medical School 
and the Broad Institute of MIT and Harvard, to consider whether 
these pets could be a good model to study the disease in humans. 
Dr Karlsson, along with an established multidisciplinary team of 
collaborators, is working to identify the similarities between cancers 
in humans and dogs and translate this into better therapeutic 
approaches for both species. 
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Dr Karlsson recently completed a pilot 
study that demonstrated how this 
method can be adapted to capture 
and analyse free DNA circulating in 
the bloodstream of dogs. In this study, 
the team collected blood samples 
from 27 dogs with tumours with a 
high risk of metastasis, including 
hemangiosarcoma, lymphoma, and 
osteosarcoma. They showed that they 
could find and sequence DNA in every 
sample, and they identified tumour DNA 
in over 50% of samples. 

Blood biopsy has many promising 
applications in both the human 
and veterinary clinic, including as a 
diagnostic test, and as a non-invasive 
way to monitor patients undergoing 
treatment. This method could change 
the way we treat cancer in dogs and 
people, although there are still many 
outstanding questions that the team 
is working to address in their current 
research. Dr Karlsson and her team are 
excited about exploring its potential 
to reveal whether a given patient 
is responding to therapy, enabling 
doctors to evaluate and potentially 
change therapies quickly. For example, 
by enrolling dogs undergoing 

chemotherapy and who are closely 
followed in the veterinary clinic, blood 
samples can be taken at controlled 
intervals, and used to measure whether 
the blood biopsies accurately predict 
whether the therapy is working.  This 
approach will also help guide the 
application of blood biopsy as a 
diagnostic and monitoring technique in 
human patients, which is an important 
goal for the team. 

A Better Genetic Understanding

The blood biopsy project started when 
Dr Karlsson realised that she needed 
a new approach to studying canine 
cancer if she wanted to understand the 
genetics of the disease and develop 
more effective therapeutics. Two 
different kinds of genetic mutations 
can lead to cancer. Somatic mutations 
are mutations that arise as the 
tumour grows inside a person or a 
dog. Germline mutations are genetic 
mutations an individual inherits from 
their parents. Some germline mutations 
may make somatic mutations more 
likely, which puts an individual at a high 
risk of cancer. For example, people who 
inherit germline mutations in the genes 

BRCA1 and BRCA2 have a high risk of 
somatic mutations that cause breast 
cancer.  

One reason why dogs are of such 
interest to cancer researchers is that 
germline cancer mutations are common 
in some dog breeds. By focusing on 
these high-risk breeds, scientists can 
find the germline mutations more 
easily. The first cancer Dr Karlsson 
studied was osteosarcoma (bone 
cancer) when she was a graduate 
student at Boston University. Some dog 
breeds are particularly susceptible to 
osteosarcoma, including greyhounds 
and rottweilers, a sure sign that 
germline genetic mutations are 
involved. Dr Karlsson’s research sought 
to find those germline risk factors in 
dogs, since that could provide the first 
clue to what causes this disease. In 
both people and dogs, osteosarcoma 
typically starts at the ends of the 
long bones in the arms and legs then 
metastasises to the lungs. Critically, the 
researchers found that by comparing 
affected and unaffected dogs in 
different breeds, they could identify 
germline risk factors, and common 
pathways underlying the development 
of disease.

‘In the future, we anticipate that the insights gained from 
studying pet dogs will help us develop more targeted and 

effective treatments for human cancers.’ 
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‘Our results highlight how the genetics of 
angiosarcoma in dogs and humans is similar. 

Because angiosarcoma is rare in people, genomics 
is difficult, and dogs are helping us search for new 

therapeutic options for this terrible disease.’

At this point, though, the research progress slowed 
dramatically. Even with the high disease rates in dog breeds, 
cancer is an incredibly complex disease, and many more dogs 
were needed to take the next steps. This roadblock stymied 
progress not just on osteosarcoma, but also on two other 
canine cancers that were promising models – lymphoma and 
angiosarcoma. For lymphoma, comparing three breeds (boxers, 
cocker spaniels, and golden retrievers) showed that boxers had 
more aggressive forms of the disease, whereas golden retrievers 
had a more treatable version, reflecting different germline 
mutations between the breeds. 

For angiosarcoma (a blood vessel tumour), it turned out 
that both the canine and the human tumours have multiple 
mutations in some of the same proteins and mechanisms that 
are crucial for cancer development. ‘We have shown through 
detailed molecular profiling of canine angiosarcoma that the 
genetic landscape of these tumours is similar between dogs 
and humans,’ notes Dr Karlsson.

One example is a gene called tumour protein p53 (or TP53 
for short), which was the gene most often mutated in 
angiosarcomas in golden retrievers. Not surprisingly, TP53 is 
also frequently mutated in human angiosarcomas. Known as 
the ‘guardian of the genome’, this gene can protect the genetic 
information in the cells, which means any TP53 mutations may 
destroy one of the cells’ strongest defence mechanisms. 

The researchers also found several mechanisms affected by 
this type of cancer. One of them was a pathway known as PI3K, 
which plays an important role in metabolism and immunity. In 
humans, this pathway is commonly affected in many types of 
cancer, such as glioblastoma, breast, gastric, colorectal, lung, 
and endometrial cancers. 

Identifying these mutations in osteosarcoma, lymphoma 
and angiosarcoma is critical for both humans and dogs as 
it provides new insights into disease pathogenesis for both 

species. Understanding these mutations may prove key to 
determine the best treatment options in both humans and 
dogs. Yet, in each of these cancers, the intriguing initial findings 
were difficult to follow up on because of the sampling problem. 
Tumour biopsies are hard to get, and the studies were just too 
small. Further work is needed with larger sample sizes to offer 
a more complete comparison between tumours in various 
locations. 

‘Our results highlight how the genetics of angiosarcoma in dogs 
and humans is similar. Because angiosarcoma is rare in people, 
genomics is difficult, and dogs are helping us search for new 
therapeutic options for this terrible disease,’ summarises Dr 
Karlsson. 

The Future is Community Science

Seeing the opportunity to dramatically increase study sizes 
while increasing engagement with dog owners, in 2015 
Dr Karlsson launched a community science project called 
Darwin’s Ark. To date, her team has enrolled over 28,861 dogs 
and collected responses to nearly 3,056,323 owner survey 
questions. The idea is to recruit more dogs into research 
utilising genomic analyses, while streamlining the collection 
of detailed information about the dogs’ behaviour and health. 
Embracing modern technology, the project uses a web portal, 
which allows owners to provide accurate information more 
readily than any traditional approach, in which typically 
researchers had to spend considerable time contacting owners 
or veterinarians for the data required. 

Modelling their approach on the successful Count Me In 
Initiative for direct-to-patient studies of rare human cancers, 
the team is launching the Darwin’s Dogs Cancer Project. The 
Cancer Project will allow owners to provide information about 
their dogs’ cancer diagnoses and treatments. Some dog owners 
will also be asked to attach a special type of tag to their dog’s 
collar for a few weeks, as part of a trial testing new technology 
for measuring what chemicals are in the environment.  The 
team is excited to pilot the enrolment of canine cancer patients 
via the website for blood biopsy studies and environmental 
studies. The pairing of a web-based community science 
approach with a non-invasive sampling technique like blood 
biopsy could be the key to enabling large-scale genomic 
studies of canine cancers.

Pets are uniquely placed to help improve our understanding of 
cancer. Not only do humans and dogs share many similarities, 
in terms of biology and genetics, but companion animals share 
our environment and are exposed to the same environmental 
factors. ‘Studying spontaneous cancer in dogs can provide 
important information that informs subsequent studies in 
both human and veterinary medicine, ultimately leading to 
advancements in the care of people and dogs affected by 
cancer,’ Dr Karlsson concludes.
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