JAVMA ¥ AVMA

Low prevalence of occult cancer diagnosis when screening
healthy, higher-risk, middle-aged to older dogs

Jenna H. Burton, DVM, MS, DACVIM* @; David M. Vail, DVM, MS, DACVIM23; Jennifer L. Willcox, DVM, DACVIM#
Sami Al-Nadaf, DVM, DACVIM#4; Sarah Adrianowycz, DVMZ2; Danielle Biggs, BS, RVTL; Rubi Hayim, BS3;
Kara Magee, DVM, DACVIMS3; Rachel McMahon, DVM, DACVIMS; Irene Mok, BAL; Ann Marie Picone, DVMS;
Jessica Ralston, BS?; Brittany M. Smith, BS®; Rachel Uyehara, DVM3; Amanda L. Willis, MS%;

Stephen Albert Johnston, PhDé7; Douglas H. Thamm, VMD, DACVIM?

1Flint Animal Cancer Center, College of Veterinary Medicine and Biomedical Sciences, Colorado State University, Fort Collins, CO
2Carbone Cancer Center, University of Wisconsin-Madison, Madison, WI

3Department of Medical Sciences, School of Veterinary Medicine, University of Wisconsin-Madison, Madison, WI

4Department of Surgical and Radiological Sciences, School of Veterinary Medicine, University of California-Davis, Davis, CA
5Veterinary Center for Clinical Trials, School of Veterinary Medicine, University of California-Davis, Davis, CA

6Calviri Inc, Phoenix, AZ

’Center for Innovations in Medicine, Biodesign Institute, Arizona State University, Tempe, AZ

*Corresponding author: Dr. Burton (jhburton@colostate.edu)

OBJECTIVE
To determine the prevalence of undiagnosed malignant neoplasms in a cohort of healthy middle-aged to older dogs.

METHODS

Healthy, client-owned dogs between the ages of 5.5 and 11.5 years and of mixed breed or breeds overrepresented
for death due to cancer were screened for eligibility to participate in the Vaccination Against Canine Cancer Study at
3 study sites from May 6, 2019, to June 21, 2022. Physical examination with rectal evaluation and aspiration cytology
of dermal and subcutaneous masses, CBC, biochemical profile, urinalysis, 3-view thoracic radiographs, and abdominal
ultrasound were performed to identify occult cancer or other serious disease in all patients prior to study enroliment.

RESULTS

902 dogs were screened for participation in the Vaccination Against Canine Cancer Study. At the time of screening,
24 dogs (2.7%) were diagnosed with cancer, while another 30 dogs (3.3%) had abnormalities identified for which
malignant neoplasia could not be ruled out but was not definitively confirmed. The prevalence of confirmed cancer
in this population was 2.7% and 6.0% when cases in which malignant neoplasia was suspected were included. For
the 24 dogs definitively diagnosed with cancer, the diagnosis was made on the basis of physical examination with
aspiration cytology of a dermal or subcutaneous mass for 20 dogs (83%).

CONCLUSIONS
Routine physical examination was able to detect the majority of the malignant tumors in this population of dogs.

CLINICAL RELEVANCE
A thorough physical examination, including rectal examination, with aspiration cytology of dermal or subcutaneous
lesions is a critical component of cancer screening for middle-aged and older dogs.

Keywords: cancer, screening, healthy dogs, prevalence, malignant neoplasm

ancer screening is commonly used in physician-based
medicine to identify preneoplastic lesions and neoplas-
tic disease prior to development of cancer-related symp-
toms. Cancer screening for people may occur through
physical examination (eg, skin or breast examination),
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laboratory-based tests such as Pap smears and prostate-
specific antigen testing, imaging procedures such as mam-
mography or colonoscopy, or genetic screening in higher-
risk populations for specific cancers to identify genetic
mutations that are associated with increased risk of tumor
development. The major benefit of cancer screening is de-
tection of malignancies at an earlier and often more treat-
able stage of disease, ideally resulting in improved long-
term patient outcomes.

For cancer screening to be effective, a test or
procedure must be able to detect cancers prior to the
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development of cancer-related symptoms and evi-
dence must exist that treatment initiated earlier as a
consequence of screening results in improved patient
outcomes.! Additionally, the potential harms that may
result from cancer screening including test-related
complications, false-positive and false-negative re-
sults, and overdiagnosis of malignancies that would
never become clinically apparent to the patient must
be balanced with the potential benefit of earlier de-
tection.?2 The balance of benefit to harm is more fa-
vorable to individuals at higher risk for development
of a specific cancer, and to best strike this balance,
evidence-based screening guidelines exist that pro-
vide risk-based recommendations for cancer screen-
ing indications for people.* Cancer screening recom-
mendations for people are based on a combination of
gender, age, location of cancer development, as well
as familial, lifestyle, and/or genetic risk factors.3

There is growing interest in cancer screening in
veterinary medicine. Cancer is the leading cause of
death in older dogs,* and some veterinary patients
may have an improved outcome when their cancer
is detected and treated at an earlier stage of dis-
ease.>"8 There are several multicancer screening tests
currently available for dogs that are commercially
available to pet owners with reported specificity and
sensitivity for these assays to help users understand
the benefits and limitations of these tests.®11 How-
ever, it is challenging to understand the positive pre-
dictive value (PPV) of any veterinary screening test,
as the prevalence of the underlying and undiagnosed
cancer in the target population being screened
needs to be known to calculate PPV.22 This informa-
tion is readily available in human medicine through
programs such as the National Cancer Institute Sur-
veillance, Epidemiology, and End Results Program,3
but a lack of national veterinary cancer registries has
prevented our full understanding of the true preva-
lence of cancer in dogs in the US.

More recently, the Dog Aging Project (DAP) re-
ported a 3.0% prevalence of malignant tumor diag-
nosis within a cohort of 27,541 dogs enrolled in the
DAP, which is lower than the prevalence reported
from other countries that maintain veterinary cancer
registries.!4 These cancer diagnoses were owner-
reported, and cytologic or histological confirmation
was not required, which may have led to either un-
der- or overreporting of malignant tumor diagno-
ses. Still, these data begin to fill a critical gap in our
knowledge regarding the prevalence of cancer diag-
nosis in dogs in the US.

To further address the gap in our knowledge re-
garding the prevalence of cancer in dogs, we sought
to review the prevalence of occult cancer in a popu-
lation of middle- to older-aged dogs screened for
eligibility for participation in a cancer preventative
clinical trial. The primary objective of this study was
to determine the prevalence of previously undiag-
nosed malignant neoplasms in a cohort of healthy
middle-aged to older dogs. A secondary objective
was to determine the diagnostic methods by which
these neoplasms were most frequently identified.
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Methods

Healthy dogs aged 5.5 to 11.5 years were recruit-
ed for enrollment into the Vaccination Against Canine
Cancer Study (VACCS) from May 6, 2019, to June 21,
2022, at the Colorado State University Flint Animal
Cancer Center, University of Wisconsin-Madison School
of Veterinary Medicine, and University of California-
Davis School of Veterinary Medicine. To be eligible for
the study, dogs needed to be of mixed breed or one
of the following breeds: Afghan Hound, Airedale Ter-
rier, Alaskan Malamute, Basset Hound, Beagle, Bernese
Mountain Dog, Boxer, Briard, Bullmastiff, Cocker Span-
iel, Corgi, English Setter, Field Spaniel, Flat-Coated Re-
triever, French Bulldog, German Shorthaired Pointer,
Giant Schnauzer, Golden Retriever, Gordon Setter, Irish
Setter, Irish Water Spaniel, Spinone Italiano, Keeshond,
Labrador Retriever, Leonberger, Newfoundland, Nor-
wegian Elkhound, Nova Scotia Duck Tolling Retriever,
Old English Sheepdog, Petit Basset Griffon Vendéen,
Rhodesian Ridgeback, Rottweiler, Saluki, Siberian Hus-
ky, Staffordshire Bull Terrier, Standard Poodle, Tibetan
Terrier, and Vizsla. These breeds have been previously
reported to be overrepresented for death due to can-
cer.1> Additionally, dogs at increased risk of developing
specific tumor types were also eligible, including Scot-
tish Terrier, West Highland White Terrier, and Shetland
Sheepdog (urothelial carcinoma)?lé; Borzoi, Great Pyr-
enees, Irish Wolfhound, and Deerhound (osteosarco-
ma)l’18; German Shepherd Dog (hemangiosarcoma)?®;
Springer Spaniel (mammary carcinoma)??; and Boston
Terrier (mast cell tumor).2! Mixed-breed dogs were
included, as they are frequently the most commonly
represented “breed” in oncology studies and have
been shown to have a similar predisposition to cancer
development in a large-scale study.2422 Dogs could not
have been previously diagnosed with cancer or have
had significant comorbidities that would prevent ob-
taining 5 years of follow-up. Owners were required to
live within 150 miles from one of the study sites to en-
roll their pet. The full eligibility criteria and clinical trial
design have been previously published elsewhere.?3
The VACCS trial was approved by and carried out in ac-
cordance with the IACUC and/or Clinical Review Board
at all 3 sites (Colorado State University approval No.
585; University of Wisconsin-Madison approval No.
V-006039; University of California-Davis approval No.
20463); informed owner consent was obtained for all
dogs enrolled.

To assess dogs for occult neoplasia prior to enroll-
ment into the clinical trial, a physical examination was
performed by a study veterinarian with measurement,
fine-needle aspiration, and cytologic assessment of
dermal and subcutaneous masses. Initial cytologic as-
sessment was performed by either an oncologist or
oncology specialty intern or resident; if concerning
cells were noted, the sample was recommended to be
submitted for evaluation by a clinical pathologist. If a
definitive diagnosis could not be obtained with cytol-
ogy, biopsy and histopathology were recommended.
A CBC, chemistry panel, urinalysis, and prothrombin
time/partial thromboplastin time test were performed
as well as 3-view thoracic radiographs and abdominal
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ultrasound; diagnostic images were evaluated by a
board-certified radiologist. If a lesion was noted on
imaging and a malignant neoplastic process could not
be ruled out, sampling was offered or reimaging to re-
assess the lesion(s) was performed in 4 to 6 weeks. If
the lesions were unchanged, resolved, or cytologically
benign, these dogs were eligible for inclusion into the
VACCS. Dogs were excluded from the study if the lesions
had progressed during that time or if owners declined
reassessment of the abnormalities. Dogs with a previous
history or current diagnosis of a benign tumor were still
eligible for enrollment.

Age, weight, sex, and breed were abstracted for
all dogs screened for the VACCS. Cancer diagnosis or
lesion of concern was reported for dogs definitively
diagnosed or suspected to have cancer, respectively.
The method of detection was also reported for all
suspected or definitively diagnosed cancers. For
dogs in which cancer was not definitively diagnosed,
2 investigators (JB and the site primary investigator
[DT, DV, or SA]) independently assigned a degree of
suspicion of high, moderate, or low that the lesion
was malignant. If the 2 initial reviewers were not in
agreement, the case information was reviewed by
all 4 investigators to reach consensus regarding the
designation of high, moderate, or low suspicion.

Statistical analysis

Continuous data were assessed for normal-
ity with a Shapiro-Wilk test and reported as mean
and SD or median and IQR. Categorical data were
reported as percentages. Differences in age and
weight between dogs without cancer and dogs sus-
pected or diagnosed with cancer were assessed with
a 2-tailed, unpaired Mann-Whitney test, and differ-
ences in sex were assessed with a Fisher exact test.
Statistical analysis was performed in Prism (version
10.2.0; GraphPad Software), and P values < .05 were
considered statistically significant.

Results

Of the 902 dogs screened for enrollment into
the VACCS, 97 (10.8%) were determined to be in-
eligible to participate in the clinical trial (Figure 1).

Excluded for confirmed/possible neoplasia (n = 54)
- Confirmed malignant neoplasia (n = 24)
- Possible malignant neoplasia (n = 30)

Assessed for eligibility
(n=902)

Enrolled and randomized
(n =805)

Control population: 805 + 43 = 848 dogs

Excluded for non-neoplastic concerns (n = 43)
- Other comorbidities (n = 21)

- Dog temperament (n = 17)

- Owner declined to participate (n = 5)

Figure 1—Flow diagram for the 902 healthy dogs aged 5.5
to 11.5 years that were screened for enrollment into the
Vaccination Against Canine Cancer Study, a randomized,
blinded, placebo-controlled clinical trial investigating a
cancer preventative vaccine. Mixed-breed dogs or breeds
at higher risk of dying from cancer were screened for oc-
cult neoplasia at 1 of 3 study sites—Colorado State Uni-
versity, University of Wisconsin-Madison, and University
of California-Davis—from May 6, 2019, to June 21, 2022.

Fifty-four dogs were excluded because of confirma-
tion or concern for cancer; 24 dogs (2.7%) were di-
agnosed with a malignant neoplasm and 30 (3.3%)
were excluded as malignant neoplasia was not
definitively diagnosed but could not be excluded.
Twenty-one dogs (2.3%) were excluded because
of bloodwork abnormalities or other diseases that
may have impacted follow-up of these dogs for 5
years (Supplementary Table S1), 17 dogs (1.9%)
were excluded due to fearful or aggressive temper-
ament, and 5 dogs (0.5%) were not enrolled due to
owner decision. The 805 dogs that enrolled in the
VACCS clinical trial as well as the 43 dogs that were
excluded for reasons other than confirmed or sus-
pected neoplasia served as the control group in this
study (n = 848).

The demographics of dogs screened for the
study are reported in Table 1. Age, weight, and sex
were compared between dogs without overt cancer
(n = 848) and dogs with or suspected to have ma-
lignant neoplasia (54). Dogs diagnosed with or sus-
pected to have cancer at screening were significantly
older (8.0 years; IQR, 7.0 to 9.5 years) than dogs
without cancer detected (7.0 years; IQR, 6.0 to 9.0
years; P < .01). There was no significant difference
in weight, sex, or neuter status between the groups.

As diagnosis of malignant neoplasia excluded
dogs from further participation in the VACCS, not all
dogs had all diagnostic tests performed. Of the 902
dogs screened for the study, 16 dogs (1.8%) did not
have screening bloodwork and urinalysis performed,
18 dogs (2.0%) did not have thoracic radiographs
performed, and 22 dogs (2.4%) did not have an ab-
dominal ultrasound performed.

For the 24 dogs diagnosed with a malignant neo-
plasm at screening, mast cell tumors were diagnosed
most commonly (10 [41.7%]). Other tumors diag-
nosed included apocrine gland anal sac adenocar-
cinoma (3 [12.5%]), soft tissue sarcoma (3 [12.5%]),
thyroid carcinoma (2 [8.3%]), dermal hemangiosar-
coma (2 [8.3%]), and 1 case each of urothelial car-
cinoma, histiocytic sarcoma, B-cell chronic lympho-
cytic leukemia, and basal cell carcinoma. Twenty
of these 24 malignancies (83%) were detected by
physical examination, 2 were detected by bloodwork
abnormalities (lymphocytosis [n = 1] and hypercal-
cemia [1]), 1 (4.2%) was detected via abdominal
ultrasound, and 1 (4.2%) was detected on thoracic
radiographs (Table 2). Cytologic and/or histologic
assessment was performed by a board-certified pa-
thologist, except for 3 dogs diagnosed with mast cell
tumor, in which the diagnosis was made by cytologic
review by a board-certified medical oncologist.

Thirty dogs had lesions identified at screening
for which malignant neoplasia could not be exclud-
ed, and these included pulmonary masses or nod-
ules (6 [20.0%1), splenic nodules (6 [20.0%]), adrenal
mass/nodule (5 [16.7%]), suspected skin cancer (4
[13.3%]), urinary bladder mass (2 [6.7%]), splenic
mass/nodules with peritoneal effusion (2 [6.7%]),
and 1 (3.3%) each of anal sac nodule, kidney nod-
ule, mammary mass, retroperitoneal mass, and pros-
tatic mass. Eleven dogs (36.7%) were considered to
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Table 1—Demographics of 902 healthy dogs aged 5.5 to 11.5 years that were screened for enrollment into the
Vaccination Against Canine Cancer Study, a randomized, blinded, placebo-controlled clinical trial investigating a
cancer preventative vaccine. Mixed-breed dogs or breeds at higher risk of dying from cancer were screened for
occult neoplasia at 1 of 3 study sites—Colorado State University, University of Wisconsin-Madison, and University
of California-Davis—from May 6, 2019, to June 21, 2022. Dogs were grouped on the basis of whether they had no
evidence of malignant neoplasia (n = 848), had definitive diagnosis of malignant neoplasia (24), or were suspected
to have malignant neoplasia at the time of screening (30).

Dogs without neoplasia
at screening (n = 848)

Dogs excluded for diagnosed
neoplasia (n = 24)

Dogs excluded for possible
neoplasia (n = 30)

Median (IQR) weight (kg) 27.7 (21.0-34.1)

Not recorded 3(0.4)
Median (IQR) age (y) 7.0 (6.0-9.0)
Sex

Female, intact 20 (2.4)

Female, spayed 430 (50.7)

Male, intact 43 (5.1)

Male, neutered 355 (41.9)
Breed

Mixed breed 369 (43.5)

Golden Retriever 134 (15.8)

Labrador Retriever 93 (11.0)

German Shepherd Dog 19 (2.2)

Bernese Mountain Dog 17 (2.0)

German Shorthair Pointer 17 (2.0)

Vizsla 14 (1.7)

Standard Poodle 12 (1.4)

Beagle 11 (1.3)

Flat-Coated Retriever 10 (1.2)

Corgi 9(1.1)

Leonberger 9(1.1)

Newfoundland 9(1.1)

Boston Terrier 8(0.9)

Spinone Italiano 8(0.9)

Shetland Sheepdog 8 (0.9)

Siberian Husky 8 (0.9

Springer Spaniel 8 (0.9)

Boxer 7 (0.8)

English Setter 7 (0.8)

French Bulldog 7 (0.8)

Rottweiler 6 (0.7)

West Highland White Terrier 6 (0.7)

Bullmastiff 5(0.6)

Alaskan Malamute 4 (0.5)

Cocker Spaniel 4(0.5)

Gordon Setter 4 (0.5)

Basset Hound 3(0.4)

Borzoi 3(0.4)

Great Pyrenees 3(0.4)

Irish Wolfhound 3(0.4)

Saluki 3(00.4)

Staffordshire Bull Terrier 3(0.4)

Airedale Terrier 2(0.2)

Field Spaniel 2(0.2)

Keeshond 2(0.2)

Rhodesian Ridgeback 2(0.2)

Scottish Terrier 2(0.2)

Tibetan Terrier 2(0.2)

Giant Schnauzer 1(0.1)

Irish Setter 1(0.1)

Irish Water Spaniel 1(0.1)

Norwegian Elkhound 1(0.1)

Other; Australian Cattle Dog 1(0.1)

25.2(17.9-32.5) 31.0 (25.7-38.0)

0 0

8.5 (7.0-9.9) 8.0 (7.0-9.0)
1(4.2) 2(6.7)
7(29.2) 15 (50)
1(4.2) 2(6.7)
15 (62.5) 11 (36.7)
13(54.2) 12 (40.0)
2(8.3) 3(10.0)
1(4.2) 2(6.7)
- 4(13.3)
- 1(3.3)
1_(4.2) 1_(3.3)
1(4.2) -

- 1(3.3)
- 1(3.3)
3(12.5) 1(3.3)
1(4.2) -

- 1(3.3)
1(4.2) -

- 1_(3.3)
- 1_(3.3)
1(4.2) -

- 1(3.3)

Data are presented as number (%) of dogs unless otherwise specified.

have a low suspicion that the lesion identified was
malignant neoplasia, 12 dogs (40%) were considered
to have a moderate suspicion, and 7 dogs (23.3%)
were considered to have a high degree of suspicion
that the lesion identified on screening was malig-
nant neoplasia. Abnormalities in these 30 dogs were
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detected by physical examination in 6 dogs (20%),
thoracic radiographs in 6 dogs (20%), and abdominal
ultrasound in 18 dogs (60%) (Table 2).

Malignant neoplasia was definitively diagnosed at a
prevalence of 2.7% and could not be ruled out in another
3.3% of the 902 dogs screened for the VACCS trial. When
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Table 2—Prevalence of definitively diagnosed or suspected malignant neoplasia and method of detection for the
902 dogs described in Table 1.22 Abnormalities noted on the various detection methods led to additional diagnostic
testing, such as cytology or histopathology, to reach a definitive diagnosis of neoplasia.

Definitive diagnosis

Definitive diagnosis

Definitive diagnosis

+ moderate to high Definitive diagnosis

of cancer + high suspicion suspicion + any suspicion

No. (%) of dogs 24 (2.7) 31(3.4) 43 (4.8) 54 (6.0)
Method of detection

Physical examination 20 (83.3) 21 (67.7) 25 (58.1) 27 (50.0)

CBC, biochemical profile,

and urinalysis 2(8.3) 0 0 2(3.7)
Thoracic radiographs 104.2) 4(12.9) 6 (14.0) 7 (13.0)
Abdominal ultrasound 1(4.2) 6 (19.4) 12 (27.9) 21(38.9)

Table 3—Prevalence of cancer in the population of dogs described in Table 1 compared between the overall
population of dogs screened for the Vaccination Against Canine Cancer Study as compared to breeds at higher
risk for cancer development that included Golden Retrievers (n = 134), Boxers (7), Bernese Mountain Dogs (17),
and mixed-breed dogs (394). As some dogs were not definitively diagnosed with cancer but had lesions for which
neoplasia remained a differential diagnosis, 3 separate analyses were performed to evaluate dogs that had been
definitively diagnosed with cancer, dogs with a definitive diagnosis and that had lesions that were highly suspicious
for cancer, and dogs that were definitely diagnosed and had any degree of suspicion that cancer was present.

All dogs (n =902)

Higher-risk breeds (n =171)

Mixed-breed dogs (n = 394)

n Prevalence (%) n Prevalence (%) n Prevalence (%) P value
Definitive diagnosis 24 2.7 5 2.9 13 3.3 .85
of cancer
Definitive diagnosis 31 3.4 6 3.5 15 3.8 .98
+ high suspicion
Definitive diagnosis 54 6.0 13 7.6 25 6.3 .74

+any suspicion

dogs with a definitive diagnosis or a high suspicion of
cancer were considered, the prevalence of detection
was 3.4%; when all dogs with definitive or suspected
cancer were included, the prevalence of cancer detected
was 6.0% in this population (Table 3). Breeds considered
at highest risk for cancer development—Golden Re-
trievers, Bernese Mountain Dogs, and Boxers—were
analyzed separately to determine whether the preva-
lence of cancer detection would be different for these
breeds (Table 3); results were not statistically differ-
ent when compared to the overall study population or
to mixed-breed dogs.

Discussion

This study found that the prevalence of occult
malignant neoplasia in this population of 902 older,
healthy dogs is in the range of 2.7% to 6.0%, with the
latter including dogs both definitively diagnosed and
suspected to have underlying cancer. The majority of
these tumors were identified on physical examination
and the diagnosis confirmed with fine-needle aspira-
tion and cytology, emphasizing the importance of rou-
tine physical examination in the detection of cancer in
dogs and conveyance to the owner of the importance
of aspiration of all accessible masses with analysis by
an evaluator with cytologic expertise. Neoplastic con-
ditions were identified by routine bloodwork for 2 dogs
in this population, in addition to identification of other
health conditions such as azotemia and hepatopathies.

Dogs diagnosed or suspected to have cancer were
statistically older than dogs screened for VACCS that
were not suspected to have cancer with a median age
of 8 and 7 years, respectively. This age is similar to what
is reported by Rafalko et al,2* who determined the me-
dian age of cancer diagnosis to be 8.8 years when they
analyzed the age of cancer diagnosis in > 3,400 dogs,
with a mean of 8.0 years when age analysis was limited
to purebred dogs. Weight was not different between the
dogs screened and not diagnosed with cancer versus
those that were confirmed or suspected to have malig-
nant neoplasia in this study, whereas increased body size
based on size class (toy or small, medium, standard, and
large or giant) has been associated with cancer develop-
ment in a previous study. This finding may have been
due to the breed restrictions for VACCS enrollment, as
these dogs tended to be larger-breed dogs. Addition-
ally, there was a minimum weight requirement of 5.0 kg
for VACCS enrollment due to the blood volume collected
at study visits, and this requirement likely skewed this
study population to heavier dogs as well.

The frequency that cancer was definitively di-
agnosed by physical examination combined with
cytologic assessment of dermal and subcutaneous
masses was 83% but dropped to 50% when defini-
tive diagnoses and suspected neoplastic conditions
were evaluated together. This is potentially due to the
increased cost and perceived invasiveness of obtain-
ing a diagnosis with percutaneous ultrasound-guided
aspirates resulting in clients declining these procedures
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for their pets. Additionally, full staging with thoracic
radiographs and abdominal ultrasound was not always
completed for every dog screened for the VACCS if can-
cer was identified on examination, as they had already
failed the screening process. It is possible that addi-
tional and potentially unrelated neoplastic conditions
may have been identified if all screening diagnostic tests
had been performed for every dog. However, detection
of neoplastic conditions by physical examination in the
majority of dogs diagnosed with cancer in this study
emphasizes the importance of this fundamental skill in
detecting cancer in aging dogs. As apocrine gland anal
sac adenocarcinomas were the second most commonly
diagnosed tumor after mast cell tumors, performing a
rectal examination as part of a routine physical exami-
nation is essential for earlier detection of these tumors
specifically. Dogs with small (< 3.2-cm) nonmetastatic
apocrine gland anal sac adenocarcinoma are reported
to have median survival times of > 3 years when treated
only with surgical removal of the primary tumor, high-
lighting the potential benefit of detection of these tu-
mors prior to lymph node metastasis developing, which
is associated with survival times of about 1.5 years with
surgery with or without chemotherapy.”-2526 However, it
is also important to note that 20% of dogs with < 2-cm
apocrine gland anal sac adenocarcinomas have lymph
node metastasis at the time of diagnosis, indicating that
detection of a primary tumor at a smaller size is not nec-
essarily reflective of the overall tumor behavior.?’

There were several limitations to this study. Can-
cers arising from the skin and subcutaneous tissues
or within thoracic and abdominal cavities could be as-
sessed; however, bone or CNS tumors were unlikely to
be detected with these methods prior to development
of clinical signs. The oral cavity can also be a challenging
location to evaluate fully. Dogs enrolled in the VACCS
needed to be amenable to repeated examinations and
venipuncture; therefore, a thorough oral examination
was able to be performed in this patient population.
It is important to note that these findings may not be
widely applicable to other populations of dogs due to
the inclusion/exclusion criteria of the VACCS and that
the owners of this group of dogs had the time and re-
sources to consider participation in a clinical trial that
would require multiple visits over 5 years.

Another limitation to this study was how the cyto-
logic assessment was performed during the screening
process. Initial cytologic assessment performed by a
medical oncology specialist or trainee could have led to
the possibility that some malignant masses were inter-
preted to be benign. As all but 3 mast cell tumors were
submitted for evaluation by a clinical pathologist, it is
unlikely that benign tumors would have been classified
as malignant. The cytologic agreement with histopa-
thology for neoplastic conditions is very good, with a
sensitivity of 89.3% and specificity of 97.9%,28 but there
does not exist information in our profession regarding
the accuracy of veterinarians to diagnose a lipoma or
other common benign lesions, which represent the
majority of dermal and subcutaneous lesions assessed
during the screening process. However, if there was
clinical concern that a lesion may be malignant on the
basis of appearance, reported growth by client, and/or
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location and could not be readily confirmed by cyto-
logic assessment, further workup with biopsy and his-
topathology was recommended prior to enrollment. If
owners chose not to pursue these additional diagnos-
tics, these dogs were not enrolled in the study but were
captured in the study population for which malignant
neoplasia could not be ruled out.

The prevalence of diagnosed or suspected cancer
was not higher in Golden Retrievers, Bernese Moun-
tain Dogs, and Boxers compared to the overall popu-
lation or mixed-breed dogs screened for the VACCS.
This finding was likely due to the VACCS eligibility re-
quirements, which limited enroliment to mixed breeds
and breeds at higher risk for cancer development. A
study?2 of > 27,000 dogs examined a variety of inher-
ited disorders, including cancer, and results suggest-
ed that purebred dogs were not more predisposed to
develop cancer as compared to mixed-breed dogs,
which goes against the widely held assumption that
mixed-breed dogs are at lower risk of cancer develop-
ment than purebred dogs. Another possibility is lim-
ited statistical power to assess this due to the small
number of cases in each group as well as the predomi-
nance of mixed-breed dogs enrolled (43% of the study
population). It is possible that, as the VACCS contin-
ues and enrolled dogs are followed over the 5-year
study period, we may see differences in cancer devel-
opment between these different groups; analysis is
planned at the completion of the VACCS trial.

There were limitations to this study that prevent
broad application of our findings to all dogs. As the
VACCS eligibility criteria had restrictions on breeds that
could be enrolled and required a minimum body weight
of 5.0 kg, these data do not reflect the canine popula-
tion as a whole. The aforementioned study criteria could
have led to an overestimation of occult cancer preva-
lence in a more diverse canine population. Alternatively,
the knowledge that VACCS enrollment was for dogs that
were healthy with no current or previous cancer diagnosis
may have caused owners to self-select out from eligibility
screening if they were concerned that their dog may have
had some underlying but undiagnosed health condition,
which ultimately may have led to underestimation of the
prevalence of cancer in this study population. However,
the prevalence of definitive cancer diagnosis in this popu-
lation of 2.7% and up to 3.4% when dogs highly suspected
to have cancer were included was in line with the 3.0% prev-
alence reported by the DAP group and lower than the 8% to
10% prevalence of cancer in dogs screened for cancer esti-
mated for the PPV calculation for one of the blood-based
assays previously available for cancer screening in dogs.®
We note that the prevalence is dependent on the sensitivi-
ty of the test applied. Given the difference between studies
and prevalence estimates, the question of the best value to
use for PPV calculations is still open.

In conclusion, the prevalence of occult malignant
neoplasia in healthy middle-aged to older dogs ap-
pears low, and many of these cancers can be detected
with a thorough physical examination that includes a
rectal examination. Aspiration and cytologic evalua-
tion of subcutaneous and dermal masses identified on
examination provided a diagnosis for the majority of
dogs in this study population.
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