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Abstract

Objective: To report the signalment, staging, surgical treatment, and survival

time of juvenile dogs treated surgically for oral squamous cell carci-

noma (OSCC).

Study design: Retrospective study.

Animals or sample population: Twenty-five dogs, <2 years of age with

OSCC treated with surgery.

Methods: Cases were solicited from the Veterinary Society of Surgical Oncol-

ogy. Data retrieved included sex, breed, age, weight, clinical signs, tumor loca-

tion, preoperative diagnostics and staging, histopathological diagnosis with

margin evaluation, disease-free interval, and date and cause of death. A mini-

mum follow-up time of 3 months was required for inclusion.

Results: Eighteen dogs were <12 months of age, and seven were <24 months.

Various breeds were represented, with a mean body weight of 22.3 ± 14.4 kg.

No dogs had evidence of metastatic disease prior to surgery. All dogs under-

went partial maxillectomy or mandibulectomy. Histological margins were com-

plete in 24 dogs and incomplete in one. No dogs had evidence of metastatic
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disease or tumor recurrence. The median follow-up time was 1556 days (92 to

4234 days). All dogs were alive at the last follow-up except for one documented

death, due to dilated cardiomyopathy. Median disease-specific survival time

was not reached.

Conclusion: The prognosis after wide surgical excision of OSCC in juvenile

dogs was excellent.

Clinical significance: OSCC in juvenile dogs can be effectively treated with

surgery alone.

1 | INTRODUCTION

Juvenile oral squamous cell carcinoma (OSCC) in dogs is
not well described in the literature, with limited informa-
tion available on the expected course of disease after
treatment in juvenile canine population. OSCC is an
invasive, locally aggressive neoplastic disease that is
reportedly the second most common malignant oral neo-
plasm in dogs.1,2 In dogs, OSCC is categorized as either
tonsillar or nontonsillar.1,2 Nontonsillar OSCC is more
common and constitutes approximately 50%–78% of
reported OSCC cases.1,3 Nontonsillar OSCC is uncom-
monly metastatic4; however, metastasis has been noted
to occur to both the regional lymph nodes (10%–30%) and
lungs (3%–36%).5-8 The prognosis for dogs with non-
tonsillar OSCC is considered good, in particular for
tumors located at the rostral aspect of the oral cavity as
this increases the likelihood of complete excision.1,5 Sur-
gery is the most common treatment for the nontonsillar
form of OSCC, with wide excision (1 cm) via man-
dibulectomy or maxillectomy often performed.1,7-9

OSSC generally affects older dogs with a median
reported age of 8–10 years.4,10,11 Sex predilection has not
been commonly reported, with one study indicating
females to be at an increased risk of development of lin-
gual SCC,12 while reportedly males are at a higher risk for
the development of tonsillar carcinoma.13,14 The etiology
of canine OSCC is unclear, and similar to humans, its
early stages often go unnoticed.15 Although exposure to
household tobacco smoke, flea collars, and high intake of
canned tuna fish have been reported risk factors in cats,16

no similar studies of etiology have been performed in dogs.
OSCC is commonly associated with osseous involvement
and osteolysis.4 Surgical excision of the regional lymph
nodes for staging has been recommended.6,7 Also, histo-
logic evaluation of one regional lymph node is insufficient
and bilateral lymphadenectomy of mandibular and medial
retropharyngeal lymph nodes is recommended to rule out
regional metastasis.6,17 Surgical excision of OSCC is rec-
ommended and excision with complete histopathological
margins has the potential to be curative for nontonsillar

OSCC.1 Adjuvant radiation therapy can be considered in
cases of incomplete surgical margins.18 Chemotherapy
(such as carboplatin and doxorubicin) can be considered
adjuvant therapy in cases with aggressive features of
malignancy on histopathology or evidence of metastatic
disease.19

OSCC comprised only 9.8% of oral tumors in dogs
<12 months old in a recent retrospective study on pediatric
oncology but was the most common malignant oral
tumor.20 The two most common oral tumors in that study
were papilloma and ossifying and fibromatous epulis.20 Sim-
ilar to dogs, OSCC in humans has been reported to occur in
older patients more commonly, with most patients more
than 45 years of age.21 However, OSCC has been rarely
reported in human pediatric and adolescent patients.22

Human pediatric and adult OSCC had a similar
disease-free interval (DFI) and median survival time
when matched for variables known to trigger the disease
in humans.23 Similar data are not available in dogs.

The objective of this study was to report the signal-
ment, staging, surgical procedure, and survival times in
juvenile dogs (<2 years) treated surgically for OSCC. Our
hypothesis was that with wide excision and complete sur-
gical margins, long-term local control would be possible,
and that OSCC would not be a life-limiting health prob-
lem in treated dogs.

2 | MATERIALS AND METHODS

This study was approved through the Veterinary Society
of Surgical Oncology (VSSO) research committee and
was initiated by requesting case submissions from VSSO
members. Inclusion criteria were dogs less than
24 months of age treated with mandibulectomy or
maxillectomy and a histopathological diagnosis of OSCC.
Patients with less than 3 months of follow-up were
excluded from the study. Data retrieved included signal-
ment, clinical signs and presenting complaint, tumor
location, preoperative clinical staging and diagnostics,
postoperative diagnostics, histopathological diagnosis
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with margin evaluation, postoperative therapies if appli-
cable, date of detection of recurrence or distant meta-
static disease if applicable, and date and cause of death.
Tumors of the mandible or maxilla located rostral to the
third premolar tooth were defined as rostral and those
located caudal to the third premolar were defined as cau-
dal.24 Although planned surgical margins (in cm) were
not documented in the surgery reports, the excision was
considered to be wide as extensive surgeries (man-
dibulectomy or maxillectomy) were performed. The his-
topathological diagnosis and margin assessment were
based on assessment by a board-certified veterinary
pathologist at the time of original sample submission.

Outcome measures were DFI and disease-specific sur-
vival time (DST). DFI was defined as the time in days from
surgical excision until the date that metastatic disease or
local tumor recurrence was noted. DST was defined as the
survival time (in days) between surgical excision and death
due to OSCC. Follow-up was determined through tele-
phone interviews with referring veterinarians and owners.
Cause of death was then subclassified as either tumor
related or nontumor related. Dogs where no cause of death
was identified in the record were presumed to have died
due to tumor-related causes. Dogs that died of nontumor-
related causes or were alive at last follow-up were cen-
sored in the survival analysis.

2.1 | Statistical analysis

Descriptive statistics were performed for the available
data, and a frequency data table was generated for all var-
iables. As data were predominately categorical, they were
presented as frequencies (proportions or percentages).
For normally distributed data, mean was calculated and
for non-normally distributed data, median was reported.
Kaplan–Meier (KM) analysis was performed with the
help of commercially available statistics software (Prism
8; GraphPad, San Diego, California).

3 | RESULTS

Twenty-five medical records were accrued from 14 veteri-
nary hospitals from Canada, USA, and the Netherlands
from January 2000 to January 2019. Eighteen dogs (72%)
were <12 months old at the time of surgery, and seven dogs
(28%) were between 12 and 24 months of age at the time of
surgery. The median age at the time of surgery was
218 days (7 months). Breeds included in this study were
four Labrador retrievers, four golden retrievers, three Ger-
man shepherds, two standard poodles, three terriers, two
mixed breeds, and one of each of the following breeds:
Great Pyrenees, Cocker spaniel, Great Dane, Clumber

spaniel, Shih Tzu, collie, and Havanese. Mean (±SD)
weight of the dogs under study was 22.3 ± 14.4 kg. Ten
male dogs (eight neutered and two intact) and 15 female
dogs (seven spayed and eight intact) were included in
the study. The maxilla was affected in 13 dogs (52%)
and the mandible in 12 (48%). Twenty dogs (80%) had a
rostral tumor location, and four dogs (16%) had a caudal
location. In one case (4%), the lesion involved the entire
mandible unilaterally.

Twelve dogs (48%) underwent computed tomography
(CT) of the head, and four dogs (16%) underwent dental/
skull radiography for surgical planning. Preoperative diag-
nostic imaging was not obtained in nine (36%). Thoracic
imaging was performed in 19 (76%) dogs, consisting of tho-
racic radiographs (15 dogs) or a thoracic CT (one dog).
Two dogs had both modalities performed. No evidence of
metastasis to the lungs was detected. Local lymph nodes
were enlarged on physical examination in four dogs (16%),
within normal limits in 17 dogs (68%), and this informa-
tion was not available for four dogs (16%) (Table 1). Ten
dogs (40%) had mandibular lymph node aspirates per-
formed for cytology. Seven of 10 lymph nodes (70%) were
considered reactive on cytology, and 3 lymph nodes (30%)
were unremarkable on cytology. Lymphadenectomy was
performed in six dogs (24%), and no evidence of metastasis
was noted in any case on histopathology.

Surgical procedures performed included unilateral ros-
tral maxillectomy (five dogs, 20%), unilateral caudal
maxillectomy (three dogs, 12%), bilateral rostral
maxillectomy (five dogs, 20%), unilateral rostral man-
dibulectomy (seven dogs, 28%), bilateral rostral man-
dibulectomy (three dogs, 12%), unilateral caudal
mandibulectomy (one dog, 4%), and hemimandibulectomy
(one dog, 4%) (Table 1). All surgeries were performed by a
board-certified veterinary specialist in surgery or dentistry.
Histopathological margins were described as complete in
24 dogs (96%) and incomplete in one dog (4%). Histopa-
thology was consistent with squamous cell carcinoma with
no subclassification in 12 dogs (48%), papillary SCC in
11 dogs (44%), odontogenic cyst with SCC in one case
(4%), and verrucous SCC in one case (4%) (Table 1).

Three dogs (12%) were diagnosed with a second neo-
plasia in their lifetime, including OSCC in the contralat-
eral mandible, cutaneous histiocytoma, and a mammary
tumor (Table 1). The follow-up period of the study popu-
lation ranged from 92 to 4234 days, with a median of
1556 days. The median DST could not be reached as
24 dogs were alive at the last follow-up, and one dog died
of dilated cardiomyopathy. The survival time for the dog
with incomplete histopathological margins was
2834 days. Up until the last follow-up examination, no
recurrence or metastasis of the OSCC was reported,
preventing calculation of the DFI. No dogs were
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documented to have died or been euthanized due to their
OSCC; hence, median DST was not reached. The KM
curve was plotted to depict the DST (Figure 1).

4 | DISCUSSION

This study documents the long-term survival of dogs
treated with wide excision of juvenile OSCC. No evidence
of recurrence or metastasis was reported, and all but one
dog were alive at the last follow-up.

Medium to large breed dogs have been found at
higher risk for SCC,2,25,26 consistent with the body weight
(22.3 kg) of our population. English cocker spaniels and
Shetland sheepdogs have been overrepresented in previ-
ous reports. Such predilection was not observed in our
study, but our small sample size prevents conclusions
regarding breed predisposition.2,25,26 Spayed female
dogs25 and female human pediatric patients have also
been overrepresented in previous studies.27 Although our
population includes more female dogs, no statistical
inference could be drawn due to the small sample size.

The lack of preoperative metastasis recorded in our
study is consistent with previous publications, reporting
low rates of metastasis of OSCC to lymph nodes (10%–
30%).5-7 Cytology or histopathology was not performed in
every dog, preventing us from establishing the absence of
metastasis to the regional lymph nodes. However, dogs
with undiagnosed metastatic disease should have
exhibited secondary clinical signs during their follow-up.
Similarly, CT examination of the head was only available
in half of dogs enrolled in our study. CT has been found
more sensitive and specific modality than standard radiog-
raphy when evaluating osseous changes and tumor exten-
sion into the adjacent tissue.28 Although complete margins
were achieved in our study based on skull radiographs
alone, CT is considered standard of care for planning a
mandibulectomy or maxillectomy to treat oral tumors.28

Squamous cell carcinoma in humans has been classified
into conventional SCC, verrucous carcinoma, basaloid
SCC, papillary SCC, spindle cell carcinoma, acantholytic
SCC, adenosquamous carcinoma, and carcinoma
cuniculatum.27,29 No such classification exists in dogs, but
recognized forms of SCC in dogs include conventional car-
cinoma, papillary SCC, and verrucous carcinoma.25 In the
present study, most dogs were either diagnosed with papil-
lary SCC or conventional SCC, supporting the concept of
young dogs being predisposed to papillary OSCC.30,31

Tobacco and alcohol abuse are known risk factors for
OSCC in older human patients.8 The pathogenesis of these
tumors remains unclear in younger individuals.22 Fan-
coni's anemia and DNA repair defects are some of the risk
factors that have been associated with SCC development
in the younger human population.32 Human papilloma
virus has also been implicated in the formation of OSCC
in pediatric population.33,34 Canine papilloma virus has
also been postulated as a risk factor in dogs.30,35,36 Canine
papilloma is the most common benign oral tumor, and
OSCC is the most common malignant oral tumor in
dogs.20 In the present study, no patient had a prior
recorded history of papilloma virus. However, infected
dogs do not always have visible clinical signs.37 As such,
the absence of history of papilloma virus does not preclude
the presence of the virus in the dogs and it is possible that
this virus may play a role in tumor development in juve-
nile dogs. Most neoplasms in the present study involved
the rostral oral cavity. A predisposition of juvenile dogs to
rostral OSCC has previously been suggested.22,31,38,39 This
predisposition may relate to canine papilloma virus infec-
tions and their potential for malignant transforma-
tion.30,35,36 The transmission of papilloma virus by contact
between dogs40 may explain why the rostral jaws are more
predisposed to formation of papillomas and potentially
papillary SCC. Alternately, the frequency of rostral OSCC
in our study may just reflect the fact that this location is
more amenable to surgical excision.8

Juvenile OSCC appears to have low metastatic poten-
tial and recurrence rate, and no recurrence or evidence of
metastasis was recorded in this study. The only dog with
incomplete histopathological margins was alive at the last
follow-up after 2834 days (7.8 years). One dog did
develop OSCC in the contralateral mandible, most likely
a de novo tumor, but metastasis from the original OSCC
cannot be ruled out. This dog had a reported survival
time of 2953 days. In author's experience, most affected
dogs are old, consistent with the reported age at presenta-
tion in OSCC of 8–10 years.4,10,11 In this older population,
death may be secondary to the malignant tumor or due
to concurrent non-neoplastic and/or age-related disease.
Death due to nontumor causes may indicate actual cure
or may occur within that patient's DFI. By contrast, the

FIGURE 1 Kaplan–Meier (KM) curve depicting disease-

specific survival time
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excellent long-term follow-up in our study prompts us to
suggest that young dogs with OSCC may be cured. The
National Cancer Institute (NIH) defines cure in humans
as a patient with no evidence of disease for 5 years after
treatment.41 This 5-year term is arbitrary, given the diffi-
culty in defining cure in the cancer patients. With the
compressed life span of a dog compared to a human, a
median follow-up time of over 4 years with no evidence
of disease recurrence may equate to a high chance of cure
after wide excision of canine juvenile OSCC.

The major limitations of this study are its retrospec-
tive nature and small sample size. Medical records varied
in detail over time and between institutions, which may
have resulted in classification bias. Detailed information
on the postoperative recovery period and long-term qual-
ity of life measures was not available. As regional lymph
node extirpation was not performed in every case, the
actual rate of regional metastasis could not be estimated.

In conclusion, the prognosis after wide surgical exci-
sion of OSCC in juvenile dogs was excellent in this popu-
lation and surgery may be curative. Future investigations
would benefit from a larger study population with stan-
dardized medical records. Future prospective studies
should evaluate the risk factors for the development of
OSCC in juvenile dogs and the potential relationship
between canine papilloma virus and OSCC. Studies
investigating the hypothesis that the rostral jaw of juve-
nile canines are at a higher risk for formation of OSCC
(and ensuing factors) could be considered.
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