Liquid biopsy testing in dogs using next-generation sequencing and applications for comparative oncology
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INTRODUCTION

KEY TAKEAWAYS

Dogs offer a powerful model for the study of human
cancers. Human and canine genomes have a high
degree of homology (>85%), with even greater
similarity (>90%) among genes frequently mutated in
cancer (i.e., oncogenes and tumor suppressor genes).1
(Figure 1)
Osteosarcoma (OS) is a rare disease in humans, but
when it occurs, it disproportionately affects children
and adolescents.2 The incidence of OS in dogs is
estimated to be 10-27 times higher than in humans.3,4
Genomic profiling of canine OS affords the opportunity
for biomarker discovery and development of novel
therapeutics to benefit both species, and cell-free DNAbased liquid biopsy (which was recently validated in a
study of over 1,000 dogs)5 is uniquely positioned to aid
in these studies. (Figure 2)

•

In humans, osteosarcoma is a rare but painful disease that
primarily affects children and adolescents.

•

The rarity of this disease in humans poses challenges to patient
enrollment into clinical trials for biomarker discovery and
development of novel therapeutics.

•

Next-generation sequencing-based liquid biopsy testing can be
used to characterize the genomic landscape of osteosarcoma
quickly and noninvasively in large populations of dogs.

•

The incidence of osteosarcoma in dogs is estimated to be 10-27
times higher than in humans.

•

Human and canine genomes show high homology (>85%), with
even higher levels of homology (>90%) noted between human
and canine oncogenes and tumor suppressor genes.

•

Findings from studying canine osteosarcoma patients can be
translated back to humans to potentially accelerate research and
development of novel therapeutics for this rare disease.

Figure 1 - Percent similarity between human and canine orthologs at the
protein level across the given classes where orthologs are mapped as 1:1.
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When cells die via apoptosis or necrosis, cellular contents (including DNA from the nucleus) are
released into the bloodstream. The DNA becomes fragmented and is termed cell-free DNA (cfDNA).
The subset of cfDNA that originates from tumor cells (and harbors genomic alterations) is known
as circulating tumor DNA (ctDNA). Next-generation sequencing (NGS) can be used to identify the
presence of cancer-associated genomic alterations in blood.
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Figure 2 - Basis of cell-free DNA-based liquid biopsy testing in dogs.6
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Case 1 involves a 7-year-old female spayed mixedbreed dog with osteosarcoma of the left ulna. A
presurgical (baseline) plasma sample showed genomewide somatic alterations along with a single nucleotide
variant in TP53 (p.H230R), a human prognostic marker,
at a variant allele frequency (VAF) of 3.7%. The patient
underwent amputation of the left forelimb and began
a chemotherapy regimen. A tissue sample obtained
during amputation confirmed the genomic alterations
identified in the presurgical plasma sample, including
the TP53 variant (VAF 81.9%). A postoperative liquid
biopsy sample (drawn 22 days after surgery) showed
resolution of all genomic alterations, including the
TP53 variant. Serial liquid biopsy testing identified
reemergence of CNVs and the TP53 variant (at
baseline + 9 months), 3 months prior to the clinical
recurrence of disease (at baseline + 12 months).
(Figure 3)
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Case 2 involves a 10-year-old female spayed mixedbreed dog with osteosarcoma of the right humerus. A
presurgical (baseline) plasma sample showed genomewide somatic alterations and a TP53 variant (p.R301W)
at a VAF of 29.8%. The patient underwent amputation
of the right forelimb and began a chemotherapy
regimen. A tissue sample obtained during amputation
confirmed the genomic alterations identified in the
presurgical plasma sample, including the TP53 variant
(VAF 56.9%). A postoperative liquid biopsy sample
showed resolution of all genomic alterations, including
the TP53 variant. Serial liquid biopsy testing identified
reemergence of a subset of the CNVs originally present
in tissue and baseline plasma and the TP53 variant
(at baseline + 6 months), 3 months prior to the clinical
recurrence of disease (at baseline + 9 months). (Figure
4)
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Figure 3 - Longitudinal profiling of plasma genomic alterations in a 7-year-old female spayed
mixed-breed dog with a diagnosis of osteosarcoma of the left ulna.

Figure 4 - Longitudinal profiling of plasma genomic alterations in a 10-year-old female spayed
mixed-breed dog with a diagnosis of osteosarcoma of the right humerus.

The cases presented here represent the typical disease
course for canine OS, and the repeatability of the
findings support the potential use of this testing for
pre- and post-surgical liquid biopsy analysis in these
cases. Liquid biopsy offers a unique opportunity to
safely and noninvasively profile the genomic landscape
of OS in dogs and track molecular disease progression
throughout treatment. Canine liquid biopsy testing also
offers a powerful model for comparative oncology
studies. Studying OS in dogs may allow research
efforts and well-powered studies to progress faster,
with key insights then translated back to humans for
the benefit of both species.
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