Incidental detection of age-related somatic genomic alterations in blood samples from dogs with and without cancer
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INTRODUCTION
The phenomenon of somatic (acquired) genomic alterations in hematopoietic
(blood-forming) cell lines, commonly referred to as clonal hematopoiesis of
indeterminate potential (CHIP) or age-related clonal hematopoiesis (ARCH), has
been well characterized in humans; these abnormalities tend to be associated
with advanced age, often exhibit consistent signal over time, and typically
involve recurrent locations in the genome.1-3 Most human patients who have
these types of somatic alterations do not have concurrent cancer, and these
alterations are not found in tumor tissue in cases where cancer is present;
however, these alterations have been shown to be associated with an increased
risk of developing cancer and represent an emerging biomarker for cancer risk
prediction in people. Beyond data in humans, characterization of CHIP has not
been well studied in other species.
Recently, blood-based liquid biopsy testing using next generation sequencing
was developed for cancer detection in dogs. The clinical validation of this test
involved 1,100 cancer-diagnosed and presumably cancer-free client-owned
dogs.4 The test has also been performed in thousands of additional dogs since
it became clinically available in 2021. This recent ability to test large numbers
of dogs using liquid biopsy affords an unprecedented opportunity to study the
genomic profiles of a broad population of canine subjects. This study describes
early findings that suggest age-related somatic alterations may also be present
in dogs.

METHODS
Two cohorts of canine patients, encompassing 2,923 client-owned dogs,
were evaluated as part of this study. The first cohort (herein “Clinical Cohort”)
comprised 2,120 dogs with or without a suspicion of cancer that submitted
whole blood samples for commercial next-generation sequencing-based
liquid biopsy testing at the PetDx Laboratory (La Jolla, CA). The second cohort
(herein “Research Cohort”) comprised 803 client-owned dogs representing
a subset of dogs that submitted whole blood samples as part of a larger
research collection to support the clinical validation of the above-mentioned
next-generation sequencing-based liquid biopsy test.4 A subset of dogs from
these two cohorts were diagnosed with cancer, and in a number of these
patients, tumor tissue was available for analysis.

KEY TAKEAWAYS
• Age-related somatic alterations in the blood or bone marrow of humans have been well characterized; however, evidence of this phenomenon has not
been well studied in other species

• The identification of recurrent copy number variants in the genomic DNA of older dogs, which persist with little to no change in the amplitude of the
signal over time, and are absent from cell-free DNA (and from tumor tissue in dogs with concurrent cancer) suggest that age-related somatic alterations
may also be present in dogs

• Next-generation sequencing-based liquid biopsy testing for cancer detection was recently developed for dogs and has been used to study the genomic
profiles of thousands of canine subjects since 2021
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• Further studies are planned to explore whether recurrent age-related single nucleotide variants are also present in dogs, and whether these genomic
findings are associated with an increased risk of cancer or other conditions (such as cardiovascular disease), as has been described in humans

Figure 4 - Longitudinal blood samples from a 9 year-old intact male Golden Retriever showing persistence of a chromosome 12 gain in gDNA with little to no change in
the amplitude of the signal, and absence of this finding in cfDNA, over a 19-month period.

Table 1 - Top 5 recurrent CNVs identified in gDNA but absent in cfDNA.
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Figure 1 - CNVs identified in gDNA (A) but not in cfDNA (B) in a
presumably cancer-free 11-year-old neutered male mixed-breed dog.
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Longitudinal blood samples were available for 50 of the 139 patients with gDNAspecific findings; 37 of these 50 patients showed persistence of the gDNA CNVs
across samples, with no new events and no significant change in the amplitude of
the CNV signal over time in the majority of patients. (Figure 4)

cfDNA

Findings more frequently observed in older dogs
The study cohort was analyzed to evaluate the normalized age of patients with
and without gDNA-specific CNVs. Figure 5 shows a summary of these findings.
In short, patients without gDNA-specific findings (regardless of the presence or
absence of cancer) were significantly younger than patients with gDNA-specific
findings (p<.0001).

Timepoint 4: October 2021
Figure 3 - CNVs identified in gDNA (A) that are different from CNVs in cfDNA (B) and tumor tissue (C)
in a 10-year-old neutered male mixed-breed dog with hepatocellular carcinoma.
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*Color added to sequencing traces for visualization of CNVs.
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Figure 5 - Comparison of normalized age
of patients with and without gDNA-specific CNVs.

Figure 2 - Disposition of dogs in the study population.
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Dogs without cancer (submitted for screening)/gDNA-specific CNVs absent*

*Color added to sequencing traces for visualization of CNVs.

*Of the 38 dogs that had a clinical cancer evaluation performed, 19 of these dogs had samples submitted with no suspicion of cancer at the time of blood draw (i.e., for
screening) and 19 dogs had samples submitted due to a suspicion of cancer (i.e., as an aid-in-diagnosis).
**The 22 dogs diagnosed with cancer comprised 7 screening patients and 15 aid-in-diagnosis patients.

*Clinical cohort only
**Clinical cohort + research cohort

The identification of recurrent variants in the gDNA of older dogs, with CNVs
that persist with little to no change in the amplitude of the signal over time and
are absent from cfDNA (and from tumor tissue, in dogs with concurrent cancer)
suggests that these findings may be early evidence for the existence of agerelated somatic alterations in dogs that potentially resemble the phenomenon of
CHIP/ARCH previously described in humans.
Most of the published research on CHIP/ARCH in humans involves recurrent
single nucleotide variants (SNVs), most commonly in the TET2 and DNMT3A
genes,2,3 though more recent studies have also documented the presence of copy
number alterations in people with CHIP.6,7 In this study, analysis was specifically
focused on somatic copy number alterations in canine samples. Additional
studies are underway at PetDx to examine the interplay between potential CHIPassociated CNVs and SNVs in dogs.
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Of the 105 dogs with gDNA-specific CNVs from the clinical cohort, 38 had clinical
cancer evaluations performed to evaluate for the presence of cancer; 19 of these
dogs had samples submitted with no suspicion of cancer at the time of blood
draw (i.e., for screening) and 19 dogs had samples submitted due to a suspicion
of cancer (i.e., as an aid-in-diagnosis). (Figure 2) Of the 19 dogs in which cancer
was not suspected at the time of blood draw, 63% (n=12) had no evidence of
cancer following evaluation, but 37% (n=7) did receive a definitive or presumptive
cancer diagnosis.

Findings persistent across longitudinal samples
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Cancer concurrently present in a subset of dogs

By contrast, in an independent analysis of 94 cancer-diagnosed dogs from the
research cohort, CNVs identified in cfDNA matched CNVs found in tumor tissue in
93% of cases (87 of 94).

A subset of dogs with gDNA-specific CNVs in the clinical cohort had
subsequent clinical cancer evaluations performed to evaluate for the presence
of cancer. Though the components of each evaluation were variable, they
typically comprised a thorough physical examination, minimum database
(CBC, chemistry panel, and urinalysis), imaging (thoracic radiographs and
abdominal ultrasound), and tissue sampling (via fine need aspiration or biopsy)
of masses, lesions, and/or enlarged lymph nodes.
To compare the age of dogs with and without gDNA-specific CNVs, normalized
age was calculated (for dogs >1 year old) relative to expected lifespan, where
expected lifespan was calculated as a function of weight according to the
equation: lifespan = 13.987 - 0.035 x weight.5 P-values were calculated using a
two-sided t-test.

A number of gDNA-specific CNVs were recurrent across patients. (Table 1)

Of the 34 dogs in the research cohort that had gDNA-specific CNVs, 29 patients
had a concurrent diagnosis of cancer. (Figure 2) Tumor tissue was available for
testing by NGS from 11 of these patients, and the CNVs observed in gDNA were
not present in the matched tumor tissue in 91% of cases (10 of 11). This suggests
that the concomitant presence of gDNA-specific CNVs was incidental to the
patient’s cancer.

Whole blood samples were collected from each patient; cell-free DNA (cfDNA)
was extracted from plasma, and genomic DNA (gDNA) was extracted from
white blood cells present in the buffy coat. In the subset of patients with tumor
tissue available, DNA was extracted from the tissue samples. All extracted
DNA specimens were subjected to proprietary library preparation and next
generation sequencing (NGS) as previously described.4 Sequencing data were
analyzed using an internally developed bioinformatics pipeline to determine
the presence of genomic alterations.
The focus of this study were cases in which copy number variants (CNVs)
were identified in gDNA, but were absent in matched cfDNA samples from
the same patient. (Figure 1) Herein, these findings are referred to as “gDNAspecific CNVs”.

Copy number variants (CNVs) were identified in the gDNA of 139 of the 2,923
(4.8%) dogs in the overall study population: 105 of 2,120 (4.95%) dogs in the
clinical cohort and 34 of 803 (4.23%) dogs in the research cohort. (Figure 2)

CNVs not present in matched tumor tissue, when cancer is
concurrently present

*Findings were not mutually exclusive. Some dogs had multiple gDNA findings, either within a single chromosome (e.g., a partial gain and
a partial loss of chromosome 25) or affecting multiple chromosomes (e.g., gains on both chromosomes 14 and 25).
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Dogs with cancer/gDNA-specific CNVs absent**
Dogs with and without cancer/gDNA-specific CNVs present**

Another area of active research with these patients is to determine the clinical
significance of gDNA findings in dogs that do not currently have cancer. In
humans, CHIP/ARCH are associated with an increased risk for developing cancer,
as well as an increased risk for cardiovascular disease.8 The current study found
that 37% of dogs with gDNA-specific findings but no initial suspicion of cancer
received a definitive or presumptive diagnosis of cancer following a clinical
evaluation. This number may be higher than the expected prevalence of cancer in
the canine population; however, it will be important to prospectively follow cancerfree dogs with these findings to determine whether they are at higher risk of
developing disease in the future. PetDx has established a program called FUSION
(Findings of Uncertain Significance ONgoing evaluation) for long-term monitoring
of patients in which gDNA-specific CNVs are identified during clinical testing.
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