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OBJECTIVE
Determine locoregional diagnostic yield of 4-site screening (head, neck, chest, and abdomen) to diagnose metastatic
disease or clinically significant comorbid diseases in dogs with oral cancer.

ANIMALS
381 dogs with histologically confirmed oral tumors.

METHODS
Medical records from 381 dogs with histologically confirmed oral tumors that underwent preoperative screening
were retrospectively reviewed.

RESULTS

Skull and neck CT scan was performed on 348 patients. Bone lysis was present in 74.4% of tumors. Oral squa-
mous cell carcinoma, sarcomas, and T2-T3 (> 2 cm) tumors had a significantly (P < .05) increased incidence of lysis
compared to odontogenic and T1 (< 2 cm) tumors, respectively. Minor incidental findings were present in 60.6% of
CT scans. Major incidental findings were found in 4.6% of scans. The risk of diagnosing an incidental finding increased
by 10% and 20% per year of age for minor and major findings, respectively. Lymph node metastasis was diagnosed
with CT or cytology in 7.5% of cases (10.7% of nonodontogenic tumors, 0% of odontogenic tumors). Oral malignant
melanoma, oral squamous cell carcinoma, and T3 tumors had the highest prevalence of metastatic disease at the
time of staging. The presence of bone lysis was not associated with cervical metastasis.

CLINICAL RELEVANCE

Major incidental findings were rare (< 5%) but primarily included secondary extraoral tumors. Lymphatic metastasis
was diagnosed in 10.7% of nonodontogenic tumors, but cytology was not performed in the majority of cases
and often included only a single mandibular node. Therefore, these results likely underestimate the incidence of
lymphatic metastasis. Guided lymph node sampling is highly recommended, especially for oral malignant melanoma,
squamous cell carcinoma, and T2-T3 tumors.

Keywords: oral tumor, computed tomography, cervical metastasis, bone lysis, locoregional spread

taging is an essential step in the work-up of oral
tumors. Evidence of locoregional or distant metas-
tasis informs prognosis and invariably influences the
recommended care paradigm. However, in veterinary
medicine, there is no standard guideline for stag-
ing oral neoplasia.t This is compounded by the high
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prevalence of odontogenic tumors that carry a rela-
tively low, but not null,2 metastatic risk, challeng-
ing the value of preoperative screening tests in this
subtype of oral cancer. Conversely, many institutions
perform staging at the time of tumor biopsy, utilizing
the oral and maxillofacial imaging appearance and



metastatic status to help inform the pathologist.?
Thus, evidence-based recommendations for screen-
ing of oral tumors as one entity is pragmatic.

At this juncture, most texts recommend evalu-
ation of the draining cervical lymph nodes and
thorax as standard work up for nonodontogenic
tumors.3-¢ Yet, controversy surrounds how best to
stage cervical lymph nodes to ensure metastasis
is not missed,7-12 as well as the need for radio-
graphic versus CT screening to accurately diagnose
pulmonary metastasis.13

Based on current literature, both cervical and
thoracic screening with diagnostic imaging and/or
histology appear to be high-yield diagnostic tests
for nonodontogenic tumors. At the time of diagno-
sis, locoregional metastasis is reported from 7.1%
to 42% for oral malignant melanoma (OMM), 0% to
29% for oral squamous cell carcinoma (OSCC), and
0% to 11.1% for oral fibrosarcoma. In addition, pul-
monary metastasis is reported at 1.4% to 28% for
OMM, 0% to 10% for OSCC, and 0% to 20.8% for oral
fibrosarcoma.4-27 This wide range in diagnostic yield
is likely secondary to lack of standardized screening,
which precludes firm conclusions on the true pres-
ence of metastatic disease at the time of staging for
oral neoplasia. The most sensitive method is biopsy,
followed by fine needle aspirate and diagnostic
imaging characteristics. Both sensitivity and speci-
ficity increase in advanced disease.” 13

Recommendations to screen the abdomen for
distant metastasis are rare® and are primarily made
in relation to OMM.2* To the authors’ knowledge,
OMM s the only oral tumor documented to metas-
tasize to an abdominal organ, and overall, the risk
appears relatively low.2® This finding, however, may
be due to the lack of routine abdominal staging.

Even in tumors that carry a low metastatic risk,
preoperative screening may diagnose unrelated
conditions that may affect the decision to pursue
further treatment. Both odontogenic and nonodon-
togenic tumors have a higher prevalence in an older
population.4-30 |nherently, this population also has
an increased risk of concurrent undiagnosed sig-
nificant disease. The diagnostic yield of preopera-
tive screening tests to identify metastasis or other
significant comorbidities is unknown for oral cancer
and could substantially impact decision-making
to pursue extensive oral surgery (ie, maxillectomy
or mandibulectomy). This is particularly impactful
when postoperative reconstruction surgery using
bone-morphogenic protein, a powerful growth fac-
tor with the potential to promote oncoproliferation
of any remaining cancer cells, is planned.3?

Although positive preoperative screening will
undoubtedly impact therapeutic decision-making, it
is not without potential negative implications such
as the risk of false positive results that may inac-
curately sway the decision to pursue treatment and
increased medical costs without direct benefit.3?
Hence, the primary aim for part 1 of this study was
to document the frequency of metastatic and inci-
dental (minor and major) lesions identified with
locoregional screening in dogs with oral tumors.

2
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The secondary aim was to quantitate the odds for
diagnosing metastatic disease and major concur-
rent disease based on tumor type and patient sig-
nalment to guide risk-benefit analysis for screening
oral neoplasia.

Methods

Data collection

Electronic medical records (EMRs) of dogs that
were presented to University of California-Davis
William R. Prichard Veterinary Medical Teaching
Hospital for diagnostic work of a biopsy-diagnosed
oral tumor between 2008 and 2022 were reviewed.
The EMR used queries with the terms “oral tumor”;
“mass, maxillary”; “mass, mandibular”; “mass, oral”;
and “tumor, oral.” Cases that were presented to the
Dentistry and Oral Surgery Service from January
2013 to January 2023 were also manually reviewed
to identify additional cases that were missed with
query terms. Recruitment for both part 1 (locore-
gional spread) and part 2 (distant spread) was per-
formed together. Thus, patients needed to meet
inclusion for both parts of the study to be included,
ie, had to have a form of locoregional screening
(head and neck CT and/or lymph node cytology)
and distant screening (abdominal ultrasound and/
or thoracic imaging). Dogs with a historical non-
oral neoplasm were excluded from the analysis.
Only the first visit where screening was performed
was reviewed.

Clinical patient data acquired from the EMR
included sex, age, weight, if the oral tumor was
identified incidentally, tumor histology, tumor loca-
tion, and tumor size. Tumor size was classified based
on the World Health Organization Tumor Node
Metastasis grading system.33 Briefly, T1 tumors are
defined as < 2 cm in the largest dimension, T2 tumors
are 2to 4 cm, and T3 tumors are >4 cm. Tumor loca-
tion was classified as rostral maxilla, caudal maxilla,
rostral mandible, or caudal mandible as previously
described.?® If the tumor was not directly overlying
bone, and could not be classified, its exact location
was reported. Location was also documented as
right, left, or bilateral.

For each patient, the screening tests performed
were recorded. Each screening test (head CT, cervical
lymph node screening [CT or cytology], thoracic
imaging, and abdominal ultrasound) was evaluated
separately. Radiology and pathology reports were
utilized for data collection.

Diagnostic yield of locoregional
screening

For conventional head CT, the presence of bone
lysis was recorded as yes/no, and the presence of
incidental findings was documented. Incidental find-
ings were recorded and categorized as minor or
major (Table 1).

For cervical lymph node (LN) screening, the
appearance of the cervical LNs on CT was recorded
as normal, enlarged, or metastatic based on the radi-
ology report. The specific LNs that were described as



Table 1—Classification of incidental findings on head
and neck CT scan.

Minor Major

1. Dental disease 1. Secondary massina
Periodontal disease nonoral location
Retained tooth roots Thyroid, nasal, brain, other

Endodontic disease 2. Thyroid or parathyroid
(periapical lucency) nodule
Tooth resoprtion 3. Osseous lesionina
2. Aural disease distant site from the
Otitis externa tumor

Otoliths 4. Suspect satellite

Otitis media metastasis to the tonsil
. Rhinitis or other intraoral site
. Developmental anomaly
. TMJ osteoarthritis
. Salivary disease

Sialolith

Minor sialocele formation
7. Dystrophic soft tissue

mineralization
8. Subcutaneous masses

without contrast

enhancement

Favored lipoma or adenoma

(= I I ]

For each screening test, incidental findings were categorized
and classified as minor or major.
TMJ = Temporomandibular joint.

abnormal were recorded. If cervical LNs were sampled
with fine needle aspiration, the presence of metasta-
sis was recorded as yes/no. When both CT scan and
cytology were performed for locoregional staging, it
was documented if the LNs that were sampled were
described as abnormal or normal on imaging.

For all screening tests, classification of an inci-
dental finding as major was based on consensus
between board-certified specialists in radiology
(AZ), medical oncology (RR), and dentistry and
oral surgery (BA, MSR, SG) that this finding could
indicate significant additional disease burden that
would likely alter prognosis, lifespan, and treat-
ment recommendations. Conversely, minor inci-
dental findings were defined as a condition that
was unlikely to change patient prognosis as well
as findings consistent with a previously known
medical condition.

Statistical analysis

Prevalence for tumor finding is calculated by
sex, age, weight, tumor histology, tumor stage, and
tumor location. When calculating prevalence, we did
not remove any data point or merge any catego-
ries. For continuous variables, we report mean, SD,
quantiles, and ranges; for categorical variables, we
report the number of cases, total number, and fre-
quency. Bivariate logistic regression analyses were
performed to calculate ORs and 95% Cls. When
calculating OR, we report the associated OR and
P value. A contingency table was created to compare
the presence of bone lysis and cervical metastasis. A
x? test was used to evaluate the association between
these 2 variables. All analyses were conducted in
R version 4.2.2.
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Results

Three hundred and 81 cases met the inclu-
sion criteria for the study. Pure-breed dogs were
more common (82.4%; 314/381) than mixed breed
(17.6%; 67/381). Seventy-three different breeds
were included. Golden (n = 43) and Labrador (52)
Retrievers were the most common. Medium-large
breed dogs were overrepresented with a median
(range) weight of 26.7 (2.8 to 72.1) kg. There were
3.1% (12/381) intact females, 44.6% (180/381)
spayed females, 6.3% (24/381) intact males, and
45.9% (175/381) castrated males. The median
(range) age was 9 (0.4 to 18) years.

Most dogs (92.9%; 354/381) initially presented
for evaluation of an oral mass, while the oral mass
was considered an incidental finding in the remain-
ing dogs. There were 31.5% (120/381) odontogenic
and 68.5% (261/381) nonodontogenic tumors aris-
ing from multiple intraoral locations (Table 2). Tumor
size was reported in the EMR for 76.1% (290/381)
of patients; 2.4% (7/290) were TO with no vis-
ible gross disease (scar), 43.4% (126/290) had T1
(< 2 cm) tumors, 31.4% (91/290) had T2 (2 to 4 cm)
tumors, and 22.8% (66/290) had T3 (> 4 cm) tumors.
Unilateral tumors were most common with 41.2%
(157/381) on the left and 46.2% (176/381) on the
right. The remainder were bilateral (12.6%; 48/381).

Locoregional screening with head and neck con-
ventional CT was performed in 91.3% (348/381) of
dogs. LN cytology was performed in 43% (164/381)
of dogs. Forty percent (40.4%; 154/381) of dogs had
both a CT scan and LN cytology performed. The dis-
tribution of all locoregional and distant screening
tests performed in the study group is shown else-
where (Supplementary Table S1).

Diagnostic yield of head and
neck CT (n = 348)

Bone lysis was present in 74.4% (259/348) of
all oral tumors. Bone lysis was common in most
tumor types. In fact, peripheral odontogenic fibroma
(POF), fibro-osseous lesions, tonsillar squamous cell
carcinoma (SCC), infiltrative lipoma, and plasma cell
tumor were the only tumor types associated with
< 50% bone lysis. Conventional SCC, soft tissue sar-
comas, and osteosarcoma had a significantly greater
risk of bone lysis compared to odontogenic tumors.
T2-T3 tumors had an increased risk of bone lysis
compared to T1 tumors (Table 3). Compared to cau-
dal mandibular tumors, soft tissue lesions (OR, 0.08
[0, 0.2], P < .001) and multifocal lesions (OR, 0.05
[0, 0.4], P =.007) had a significantly decreased risk
of bone lysis. The mean (range) age of patients with
bone lysis was 8.9 (0.4 to 18) years. Age was mildly
protective (OR, 0.89 [0.8, 1], P = .005) for risk of
bone lysis. Both males and females had similar risks.

Incidental findings were present in 65.2%
(227/348) of CT scans. Sixty percent (60.6%;
211/348) had at least 1 minor incidental finding
and 4.6% (16/348) had a major incidental finding
(Tables 3 and 4). The majority (63.3%; 133/348) had
1 incidental finding, 31.4% (66/348) had 2 incidental
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findings, 4.8% (10/348) had 3 findings, and a single
patient had 4 incidental findings.

The odds of diagnosing an incidental finding
increased with age. Specifically, the risk of diagnos-
ing @ minor incidental finding significantly increased

by approximately 10% per year of age (OR, 1.11 [1,

1.2], P =.003) and a major finding by approximately

20% per year of age (OR, 1.22 [1, 1.5], P=.032). Risk
of diagnosing a minor or major incidental finding
was not affected by sex. Rostral mandibular lesions

Table 3—Prevalence of bone lysis, incidental findings, or cervical metastasis with head and neck screening per

tumor histology and size.

Metastatatic
Tumor histology/size (number that had MetastaticLN LN on Minor incidental Major incidental
head CT, LN cytology) Bone lysis onCT cytology finding finding
Odontogenic (n = 98, 23) 69.4% (68/98) 0% (0/98) 0% (0/23) 66.3% (65/98) 3.1% (3/98)
reference for OR
CAA (n=54,12) 90.7% (49/54) 0% (0/54) 0% (0/12) 66.7% (36/54) 3.7% (2/54)
POF (n = 40, 9) 37.5% (15/40) 0% (0/40) 0% (0/9) 72.5% (29/40) 2.5% (1/40)
CEOT(n=1,1) 100% (1/1) 0% (0/1) 0% (0/1) 0% (0/1) 0% (0/1)
Giant cell epulis (n = 1, 0) 100% (1/1) 0% (0/1) - 0% (0/1) 0% (0/1)
Odontoma (n=1,1) 100% (1/1) 0% (0/1) 0% (0/1) 0% (0/1) 0% (0/1)
Ameloblastic fibroma (n =1, 1) 100% (1/1) 0% (0/1) 0% (0/1) 0% (0/1) 0% (0/1)
Ameloblastic carcinoma (n = 5, 1) 100% (5/5) 0% (0/5) 0% (0/1) 40% (2/5) 0% (0/5)
(excluded from OR anlaysis)
Conventional OSCC (n = 47, 29) 89.4% (42/47) 6.4% (3/47) 17.2% (5/29) 63.8%(30/47) 4.3% (2/47)
OR, 3.71* (1.3,10.3 OR, 0.9 (0.4,1.9) OR, 1.41 (0.2-8.7)
Tonsillar SCC (n = 2, 2) (excluded from 0% (0/2) 50% (1/2) 50% (1/2) 100% (2/2) 0% (0/2)
OR anlaysis)
Other variants of 0SCC (n =12, 5) 100% (12/12) 0% (0/12) 0% (0/5) 50% (6/12) 0% (0/12)
OR,0.36 (0.1,1.2)
Papillary SCC (n = 10, 3) 100% (10/10) 0% (0/10) 0% (0/3) 40% (4/10) 0% (0/10)
Basaloid SCC(n=2,2) 100% (2/2) 50% (1/2) 50% (1/2) 50% (1/2) 0% (0/2)
OMM (n = 67, 50) 55.2% (37/67) 14.9% (10/67) 22%(11/50)  65.7% (44/67) 11.9% (8/67)
OR, 0.54 (0.3,1) OR, 0.97 (0.5,1.9) OR,4.29° (1.1, 16.8
Soft tissue sarcoma and mesenchymal 84.7% (50/59) 5.1% (3/59) 6.7% (2/30) 50.8% (30/59) 1.7% (1/59)
tumors (n = 59, 30) OR, 2.45* (1.1, 5.6 OR, 0.53 (0.3,1) OR, 0.55 (0.1, 5.4)
OFSA (n=41,18) 80.5% (33/41) 4.9% (2/41) 0% (0/18) 51.2% (21/41) 0% (0/41)
Fibroma (n = 1, 0) (excluded from 0% (0/1) 0% (0/1) - 100% (1/1) 0% (0/1)
OR anlaysis)
Undifferentiated sarcoma (n = 13, 9) 100% (13/13) 0% (0/13) 11.1%(1/9) 53.8% (7/13%) 7.7%(1/13)
Hemangiosarcoma (n =1, 1) 100% (1/1) 0% (0/1) 0% (0/1) 100% (1/1) 0% (0/1)
Myxosarcoma (n = 2) 100% (2/2) 50% (1/2) - 50% (1/2) 0% (0/2)
Peripheral nerve sheath tumor 50%(1/2) 0% (0/2) 0% (0/1) 0% (0/2) 0% (0/2)
(n=2,1)
Osteosarcoma (n = 27, 15) 96.3% (26/27) 0% (0/27) 0% (0/15) 40.7% (11/27) 3.7%(1/27)
OR, 11.47* (1.5, 88.5 OR, 0.35% (0.1, 0.8) OR,1.22(0.1,12.2)
MLO (n=11, 3) 100% (11/11) 0% (0/11) 0% (0/3) 81.8% (9/11) 9.1(1/11)
OR, 2.28 (0.5,11.2) OR, 3.17 (0.3, 33.4)
Round cell tumors (n =5, 4) 60% (3/5) 0% (0/5) 25% (1/4) 40% (2/5) 0% (0/5)
OR, 0.66 (0.1, 4.2) OR, 0.34 (0, 2.1)
Infiltrative lipoma (n = 1, 0) (exluded 0% (0/1) 0% (0/1) - 0% (0/1) 0% (0/1)
from OR analysis)
Lymphoma (n =2, 2) 50% (1/2) 0% (0/2) 50% (1/2) 100% (2/2) 50% (1/2)
Mast cell tumor (n = 3, 2) 66.7% (2/3) 0% (0/3) 0% (0/2) 0% (0/3) 0% (0/3)
Plasma cell tumor (n = 8, 2) 37.5% (3/8) 0% (0/8) 0% (0/2) 75% (6/8) 0% (0/8)
OR, 0.26 (0.1, 1.2) OR, 1.52 (0.3, 8)
Fibro-osseous lesion (n = 6, 0) 33.3%(2/6) 0% (0/5) - 83.3% (5/6) 0% (0/6)
OR, 0.22 (0, 1.3) OR, 2.5 (0.3, 22.6)
Tumor size (number that had head CT,
LN cytology)
T0O(n=17,5) 14.3%(1/7) 14.3% (1/7) 20% (1/5) 100% (7/7) 28.6% (2/7)
OR, 0.1*(0.0.8) OR.10.5* (1.5, 716
T1(n =113, 44) (reference for OR) 62.8% (71/113) 0.9% (1/113) 2.3%(1/44) 66.4% (75/113) 3.5%(4/113%)
T2 (n =84, 36) 81% (68/84) 1.2% (1/84) 2.8% (1/36) 65.5% (55/84) 6% (5/84)
OR, 2.36% (1.2, 4.6 OR,0.93(0.5,1.7) OR,1.73(0.4,6.7)
T3 (n =61, 34) 82% (50/61) 14.8% (9/61)  29.4%(10/34) 57.4% (35/61) 4.9% (3/61)
OR,2.9*(1.3,6.3 OR,0.69(0.4,1.3) OR,1.38(0.3,6.4)

Risk for different tumor histologies and sizes was calculated using OR with odontogenic tumors as the reference. For OR calculation, tumors with
similar biological behavior were evaluated together and shown in bold. Individual tumor types that contributed to each group are shown below the
bold header. When no OR is listed, it could not be calculated. OR (Cl) that were protective are underlined, OR (Cl) that had a Cl that included 1 are

not in italics or bold, and OR (Cl) that had increased risk are italicized.

CAA = Canine acanthatmous ameloblastoma. CEOT = Calcifying epithelial odontogenic tumor. LN = Lymph node. OFSA = Oral fibrosarcoma.
OMM = QOral malignant melanoma. OSCC = Oral squamous cell carcinoma. POF = Peripheral odontogenic fibroma.

*Significant OR (P < .05).
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Table 4—Incidental findings detected on head/neck CT scan.

Findings Prevalence

Comments

Minor incidental findings
Dental disease
Aural disease
Rhinitis
TMJ osteoarthritis
Salivary disease
Other

35.1% (122/348)
28.7% (100/348)
3.4% (12/348)
2.3% (8/348)

2% (7/348)
14.4% (50/348)

Developmental anomaly, signs of previous trauma, subcutaneous masses,

ectopic mineralization

Major incidental findings

Secondary mass 2.3%(8/348)

Meningioma (n = 2), carotid body tumor (n = 1), mass in ventricle (n = 1),

thyroid mass (n=4)

1.1% (4/348)
0.9% (3/348)
0.3% (1/348)

Thyroid nodule
Distant osseous lesion
Suspect satellite metastasis

had a significantly increased risk (OR, 2.83 [1.3, 6.2],
P = .01) of minor incidental lesions compared to
caudal lesions. Unilateral lesions were protective
compared to bilateral lesions (left side: OR, 0.2
[0, 0.7], P = .015; right side: OR, 0.25[0.1, 0.8], P =
.024) for diagnosing a major incidental finding. No
other location was significantly associated with an
increase or decreased OR for incidental findings. The
odds of diagnosing a minor incidental finding were
significantly lower for osteosarcoma while the odds
of diagnosing a major incidental finding were sig-
nificantly higher for OMM (Table 3). No other tumor
type or feature was significantly associated with a
change in risk for incidental findings on CT scan.

Diagnostic yield cervical LN staging
(n = 358)

Locoregional staging comprised of either cytol-
ogy alone (2.8%;10/358), conventional neck CT
alone (54.1%;194/358), or both CT and cytology
(43%,154/358).

Twelve percent (12.8%; 21/164) of cases that
had cytology performed had confirmed metastasis.
Specifically, 0% (0/24) of odontogenic tumors and
15% (21/140) of nonodontogenic tumors had con-
firmed metastasis on cytology. The most common LN
to be aspirated was the mandibular LN (MLN; 95.1%;
156/164). In most cases, these were the only LN sam-
pled either ipsilateral (n = 77) or bilateral (68) to the
tumor. Rarely, the medial retropharyngeal LN (MRLN)
(7) or the superficial cervical (4) lymph node was also
sampled in addition to the MLN. The remainder had
only the MRLN or superficial cervical LN sampled.

On CT scan, 5.2% (18/348) of scans had LNs
described as metastatic. Specifically, 0% (0/98)
of odontogenic tumors, 0% (0/6) of fibro-osseous
lesions, and 7.4% (18/244) of nonodontogenic
tumors had metastasis diagnosed on CT scan. For
the LNs described as metastatic, 72.2% (13/18)
had confirmatory cytology performed. Of these,
92.3% (12/13) had aspiration performed on the LN
described as metastatic on imaging. In the remain-
ing case (1/13), the ipsilateral MLN was sampled,
although the MRLN was the LN described as meta-
static on CT. All sampled LNs were cytologically met-
astatic (100%; 13/13).
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TMJ (n = 1) occipital bones (n = 1), hard palate (n = 1)
Tonsillar metastasis

Forty-four percent (44.8%:156/348) had cer-
vical LNs described as enlarged on CT. Fifty-eight
percent (58.9%; 92/156) of cases that had enlarged
LNs on CT scan had confirmatory cytology per-
formed. The aspirates were obtained from a LN that
was described as enlarged on the imaging report in
82.6% (76/92) of cases. Most often, only the MLNs
were sampled despite other cervical LNs also being
described as enlarged. In 17.4% (17/92) of cases the
aspirates were obtained from LNs described as nor-
mal on the CT scan. Most often (88.2%; 15/17 cases),
the MLNs were aspirated even though MRLNs were
enlarged. In 7.6% (7/92) of cases, with enlarged
LN where cytology was performed, metastasis was
diagnosed. Taken together, for cases that had both
CT and cytology performed (n = 194), metasta-
sis was diagnosed with cytology in 10.3% (20/194)
of cases.

Collectively, metastasis was diagnosed on either
CT scan or cytology in 7.5% (27/358) of cases, 10.7%
(27/253) of nonodontogenic tumors, and 0% of
odontogenic tumors and fibro-osseous lesions. The
OR could not be calculated for the risk of cervical
metastasis. Of note, OMM, OSCC, and T3 tumors
had the highest reported cervical metastatic rate
(Table 3). Cervical metastasis was present in 4.6%
(12/259) of tumors that had bone lysis and 6.7%
(6/83) tumors that did not. The presence of bone
lysis was not significantly (P = .44) associated with
the presence of cervical metastasis.

Discussion

This study quantified the types and frequency of
metastasis and incidental findings using locoregional
screening. The risk of regional lymph node metas-
tasis was highest in OMM, OSCC, and T3 tumors.
Regional metastasis was not diagnosed in any odon-
togenic tumors. Lymph nodes that were deemed
metastatic on CT were highly likely to be cytologi-
cally metastatic, and those that were enlarged were
7.6% likely to be metastatic on cytology. Yet, not all
enlarged LNs were sampled, and normal LNs were
rarely sampled. Thus, determining the true sensitiv-
ity and specificity of CT to predict metastasis in this
retrospective study was not feasible.



The body of literature supports that contrast-
enhanced CT should not be solely relied on to evalu-
ate the metastatic status of cervical LNs due to poor
sensitivity.34-37 Consistent with historical data, our
data also supported that LN size was inconsistent in
predicting metastasis within this study with enlarged
lymph nodes only being cytologically metastatic in
< 10% of samples. However, only 58.9% of cases with
enlarged LNs on CT scan had confirmatory cytology
performed and of these the aspirate was performed
on the enlarged LN in only 82.6% of cases. Further,
there was a high prevalence of both periodontal dis-
ease and aural disease in the study group, which can
also result in enlarged lymph nodes confounding the
diagnostic imaging findings as well as the imaging-
cytologic correlation.

Thus regardless of imaging appearance, cytol-
ogy, at a minimum, should be performed for diagnos-
tic screening of lymphatic metastasis. For cytology,
however, it is critical that either the sentinel® or all
draining lymph nodes are aspirated. Oral drainage
is unpredictable with both contralateral spread and
drainage to lymphocentrums other than the lateral-
ized mandibular node reported.t-834 Sentinel lymph
node (SLN) mapping techniques, which identify the
LNs most likely to harbor metastatic disease, have
been introduced and validated in canine oral tumors,
allowing for more accurate locregional screen-
ing.34.39.40 Despite these advancements, sampling of
the lateral MLN due to its easily accessible location
is currently regarded as “common practice.” This
was observed in the current retrospective data set,
where even in the face of other cervical lymph nodes
described as abnormal on imaging, only the MLN
were aspirated. Lack of accurate LN screening pre-
cludes true prevalence and prognostic information
to be gained, introduces bias, and limits conclusions
from this study.

Importantly, within the limitations of the data,
the highest metastatic risk was associated with OMM,
OSCC, and T3 tumors and lowest for sarcomas, con-
sistent with historical data.15-27 Furthermore, cytol-
ogy had a higher yield than CT scans for diagnosing
metastasis. However, these data are likely biased, as
clinicians were more likely to sample LN of concern
based on physical examination or imaging appear-
ance. Caution should be employed in only prioritizing
guided cytology for specific tumor types based on
this data set as aspiration was performed in less than
half the cases and only in a subset of draining cer-
vical LNs; thus, occult metastasis was likely missed.
Further, in tumors at high risk of cervical metastasis,
the pathology of the SLN should be considered for
gold standard diagnosis.1.8.91112

Interestingly, the presence of bone lysis was
not associated with the presence of cervical metas-
tasis. This is concordant with data on OMM, where
even though bone lysis was found to be a significant
prognostic factor for median survival time, locore-
gional metastasis rate was similar regardless of the
presence or absence of lysis.4* However, this find-
ing may also be biased by the high prevalence of
bone lysis and low prevalence of cervical metastasis
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in the group. Bone lysis was apparent in nearly 75%
of cases and prevalent amongst a variety of tumor
types. Malignant tumors, specifically OSCC, soft tis-
sue sarcomas, and osteosarcoma, had significantly
increased odds risk of bone lysis compared to odon-
togenic tumors in agreement with historical data.*2
Yet, bone lysis was present in almost all tumor types.
Furthermore, soft tissue lesions not overlying bone
had significantly decreased risk of lysis, and nearly
a quarter of OMM was in a soft tissue region, which
may have diluted the findings for this tumor type
specifically.

Only primarily soft tissue lesions (tonsillar SCC,
infiltrative lipoma), plasma cell tumors, fibro-osseous
lesions, and POF had bone lysis in < 50% of the tumors
that underwent imaging. Of interest, nearly 40% of
POF had bone lysis detected on CT scans. This tumor
is often described as not having the ability to invade
bone.>82% However, our study is consistent with
other imaging studies® of odontogenic tumors that
report the alveolar bone lysis in POF. It is unclear if
the biologic behavior of POF is more aggressive than
previously considered or, alternatively, if periodontal
disease was being interpreted as neoplasia-induced
bone lysis. Both cone beam and conventional CT
are superior to radiographs for detecting bony lysis
in both veterinary and human patients.#4-4¢ Thus,
the increased sensitivity of this imaging modality
may have contributed to this finding. Future stud-
ies focused on the histologic origin of POF and the
ability of POF to extend into underlying bone should
be explored.

Of note, both the extent of bone involvement
and soft tissue infiltration are crucial for understand-
ing the extent of the tumor as well as for surgical
planning. Although all CT scans included in the study
were conventional CT scans (ie, not cone beam), we
elected to focus on reporting the presence of bone
lysis only as this feature is a documented prognostic
factor.20.21 However, this should not be interpreted
as a recommendation to not fully evaluate the lesion
in both a bone and soft tissue algorithm before and
after contrast administration. Conventional rather
than cone-beam CT should be utilized to assess oral
tumors, as the latter has inherently poor contrast
resolution and the use of IV contrast with this modal-
ity has not been validated.49.50

Incidental findings were common and diagnosed
in 62.5% of scans. Unsurprisingly, the most common
incidental findings included periodontal disease and
ear disease, consistent with previous point preva-
lence studies®12 of canine diseases. Other diseases
were rare (<5%). The high prevalence of periodon-
tal disease in particular is interesting for 2 reasons.
First, it makes the diagnostic interpretation of
alveolar bone lysis and lymph node enlargement
complicated, as it is unclear if these changes are
secondary to periodontitis or neoplasia, represent-
ing an important limitation of this research. Second,
there is a growing body of evidence that microbial
dysbiosis, such as that seen in periodontal disease,
is associated with the initiation and progression of
cancer in humans. 53-55 The high prevalence of both
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periodontal disease and oral cancer in tandem may
suggest that periodontal disease is involved in onco-
genesis in dogs and is a risk factor for oral cancer
that warrants further exploration.

Major findings were less frequent than minor
findings (<5%), yet they included a secondary mass
in 8 patients that were unlikely to be identified with
common oral diagnostics such as dental radiographs
or cone-beam CT scans as both imaging modalities
have poor soft tissue detail and the neck and brain are
often excluded due to field of view restrictions.4%:50
When factoring in the risk of additional disease,
major incidental findings should be a separate but
added risk to the risk of metastatic disease. This fur-
ther supports that contrast-enhanced conventional
CT scan, or analogous advanced imaging, including
both the head and neck, should be regarded as the
standard for preoperative work up for oral cancer.

The primary limitation of this paper is its retro-
spective nature, meaning data regarding tumor biol-
ogy and the yield of staging was potentially omitted
from the EMR. We chose to include only patients who
would meet the criteria for both part 1 and part 2,
thus potentially omitting important diagnostic imag-
ing data from the study group. There was a variety
in case management and a variety of radiologists
and pathologists interpreting the screening results,
which may introduce some bias, compared to a
single panel of reviewers. Further, we accepted less
than ideal screening modalities (head CT rather than
LN cytology/pathology) for historical reference, as
we wanted to report the diagnostic yield of locore-
gional screening over an extended time period,
which introduces bias as the true metastatic risk was
likely underestimated. We determined, based on our
clinical experience and investigator consensus, what
would be a major or minor finding but did not com-
pare this to the likelihood of an owner to pursue a
procedure. Several patients were lost to follow-up
after the initial staging, and it was unclear if the deci-
sion to move forward was based on finances, extent
of oral surgery, or findings from staging. Thus, it was
elected to not explore this as a factor, thus limiting
the “classification” of if a finding truly was medically
major for that case. Finally, we elected to include
both odontogenic and nonodontogenic tumors as a
single group, which likely diluted the diagnostic yield
of each staging test. We also had certain tumor types
with small numbers, which elevates the percent
shown (Tables 2-4) despite only 1 to 2 having posi-
tive results. We presented data separately for each
category and specific tumor type with both percent
and number to allow the reader to critically evaluate
the data. Many institutions perform staging at the
time of tumor biopsy, thus looking at oral tumors as
one entity is pragmatic for decision-making.

We conclude that contrast-enhanced conven-
tional CT scan including head and neck is of strate-
gic importance for staging of both odontogenic and
nonodontogenic oral tumors. Locoregional spread
is most common in OMM, OSCC, and T3 tumors,
and guided LN cytology/pathology of the SLN, or
all cervical LNs, is recommended. Even within the
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limitations of this study and inclusion of odonto-
genic tumors, cervical metastasis was detected in
12.8% of sampled LNs and true occult metastatic risk
is likely higher. Authors recommend thorough cervi-
cal screening of all nonodontogenic tumors.

Acknowledgments

None reported.

Disclosures

Dr. Stephanie L. Goldschmidt served as Guest Editor for
this Journal of the American Veterinary Medical Association
(JAVMA) Supplemental Issue. She declares that she had no
role in the editorial direction of this manuscript.

No Al-assisted technologies were used in the generation
of this manuscript.

Funding

The authors have nothing to disclose.

References

1. Congiusta M, Lawrence J, Rendahl A, Goldschmidt S.
Variability in recommendations for cervical lymph node
pathology for staging of canine oral neoplasia: a sur-
vey study. Front Vet Sci. 2020;7:506. doi:10.3389/
fvets.2020.00506

2. Blackford Winders C, Bell CM, Goldschmidt S. Case report:
amyloid-producing odontogenic tumor with pulmo-
nary metastasis in a spinone italiano-proof of malignant
potential. Front Vet Sci. 2020;7:576376. doi:10.3389/
fvets.2020.576376

3. Murphy BG, Bell CM, Soukup JW. Veterinary Oral and
Maxillofacial Pathology. Wiley Blackwell; 2020.

4. Liptak JM. Cancer of the gatrointestinal tract: oral tumors.
In: Vail DM, Thamm DM, Liptak JM: Withrow & MacEwen’s
Small Animal Clinical Oncology. 6th ed. Elsevier;
2019:432-448.

5.  Soukup J, Lewis J. Oral and maxillofacial tumors, cysts,
and tumor-like lesions. In: Lobprise H, Dodd J: Wiggs’s
Veterinary Dentistry: Principles and Practice. 2nd ed.
Wiley Blackwell; 2019:131-153.

6. Arzi B, Verstraete F. Clincial staging and biopsy of maxil-
lofacial tumors. In: Verstarete F, Lommer M, Arzi B, eds:
Oral and Maxillofacial Surgery in Dogs and Cats. 2nd ed.
Elsevier; 2020:415-422.

7. Grimes JA, Mestrinho LA, Berg J, et al. Histologic evalu-
ation of mandibular and medial retropharyngeal lymph
nodes during staging of oral malignant melanoma and
squamous cell carcinoma in dogs. J Am Vet Med Assoc.
2019;254(8):938-943. doi:10.2460/javma.254.8.938

8. Herring ES, Smith MM, Robertson JL. Lymph node stag-
ing of oral and maxillofacial neoplasms in 31 dogs and
cats. J Vet Dent. 2002;19(3):122-126. doi:10.1177/
089875640201900301

9. Skinner OT, Boston SE, Souza CHM. Patterns of lymph
node metastasis identified following bilateral mandibu-
lar and medial retropharyngeal lymphadenectomy in
31 dogs with malignancies of the head. Vet Comp Oncol.
2017;15(3):881-889. doi:10.1111/vc0.12229

10. WanJ, Oblak ML, Ram A, Singh A, Nykamp S. Determining
agreement between preoperative computed tomography
lymphography and indocyanine green near infrared fluo-
rescence intraoperative imaging for sentinel lymph node
mapping in dogs with oral tumours. Vet Comp Oncol.
2021;19(2):295-303. doi:10.1111/vc0.12675




11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Fournier Q, Cazzini P, Bavcar S, Pecceu E, Ballber C,
Elders R. Investigation of the utility of lymph node fine-
needle aspiration cytology for the staging of malig-
nant solid tumors in dogs. Vet Clin Pathol. 2018;47(3):
489-500. doi:10.1111/vcp.12636

Ku CK, Kass PH, Christopher MM. Cytologic-histologic con-
cordance in the diagnosis of neoplasia in canine and feline
lymph nodes: a retrospective study of 367 cases. Vet Comp
Oncol. 2017;15(4):1206-1217. doi:10.1111/vco0.12256
Nemanic S, London CA, Wisner ER. Comparison of tho-
racic radiographs and single breath-hold helical CT for
detection of pulmonary nodules in dogs with meta-
static neoplasia. J Vet Intern Med. 2006;20(3):508-515.
doi:10.1892/0891-6640(2006)20[508:cotras]2.0.co
Bergman PJ. Canine oral melanoma. Clin Tech Small
Anim  Pract. 2007;22(2):55-60. doi:10.1053/].ctsap.
2007.03.004

Dank G, Rassnkic K, Sokolovsky Y, et al. Use
of adjuvant carboplatin for treatment of dogs
with oral malignant melanoma following surgi-

cal excision. Vet Comp Oncol. 2014;12(1):78-84.
doi:10.1111/}.1476-5829.2012.00338.x

Brockley LK, Cooper MA, Bennett PF. Malignant mela-
noma in 63 dogs (2001-2011): the effect of carboplatin
chemotherapy on survival. NZ Vet J. 2013;61(1):25-31.
doi:10.1080/00480169.2012.699433

Boston SE, Lu X, Culp WT, et al. Efficacy of systemic
adjuvant therapies administered to dogs after excision
of oral malignant melanomas: 151 cases (2001-2012).
JAm Vet Med Assoc. 2014;245(4):401-407. doi:10.2460/
javma.245.4.401

Tuohy JL, Selmic LE, Worley DR, Ehrhart NP,
Withrow SJ. Outcome following curative-intent surgery
for oral melanoma in dogs: 70 cases (1998-2011). J Am
Vet Med Assoc. 2014;245(11):1266-1273. doi:10.2460/
javma.245.11.1266

lacobino D, Camerino M, Riccardo F, et al. Difference in
outcome between curative intent vs marginal excision as
a first treatment in dogs with oral malignant melanoma
and the impact of adjuvant CSPG4-DNA electrovaccina-
tion: a retrospective study on 155 cases. Vet Comp Oncol.
2021;19(4):651-660. doi:10.1111/vc0.12690

Piras LA, Riccardo F, lussich S, et al. Prolongation of sur-
vival of dogs with oral malignant melanoma treated by en
bloc surgical resection and adjuvant CSPG4-antigen elec-
trovaccination. Vet Comp Oncol. 2017;15(3):996-1013.
doi:10.1111/vc0.12239

Turek M, LaDue T, Looper J, et al. Multimodality treat-
ment including ONCEPT for canine oral melanoma: a ret-
rospective analysis of 131 dogs. Vet Radiol Ultrasound.
2020;61(4):471-480. doi:10.1111/vru.12860

Sarowitz BN, Davis GJ, Kim S. Outcome and prognostic
factors following curative-intent surgery for oral tumours
in dogs: 234 cases (2004 to 2014). J Small Anim Pract.
2017;58(3):146-153. doi:10.1111/jsap.12624

Fulton AJ, Nemec A, Murphy BG, Kass PH, Verstraete FJ.
Risk factors associated with survival in dogs with nonton-
sillar oral squamous cell carcinoma 31 cases (1990-2010).
JAm Vet Med Assoc. 2013;243(5):696-702. doi:10.2460/
javma.243.5.696

Mosca A, Gibson D, Mason SL, Dobson J, Giuliano A. A
possible role of coarse fractionated radiotherapy in the
management of gingival squamous cell carcinoma in
dogs: a retrospective study of 21 cases from two refer-
ral centers in the UK. J Vet Med Sci. 2021;83(3):447-455.
doi:10.1292/jvms.20-0191

LaDue-Miller T, Price GS, Page RL, Thrall DE. Radiotherapy
of canine non-tonsillar squamous cell carcinoma. Vet
Radiol Ultrasound. 1996;37(1):74-77. doi:10.1111/
j.1740-8261.1996.tb00817.x

Gardner H, Fidel J, Haldorson G, Dernell W, Wheeler B.
Canine oral fibrosarcomas: a retrospective analysis of
65 cases (1998-2010). Vet Comp Oncol. 2015;13(1):
40-47. doi:10.1111/vco.12017

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Brought to you by University of California

Frazier SA, Johns SM, Ortega J, et al. Outcome in
dogs with surgically resected oral fibrosarcoma
(1997-2008). Vet Comp Oncol. 2012;10(1):33-43.
doi:10.1111/).1476-5829.2011.00272.x

Goldschmidt SL, Bell CM, Hetzel S, Soukup J. Clinical
characterization of canine acanthomatous ameloblas-
toma (CAA) in 263 dogs and the influence of postsurgical
histopathological margin on local recurrence. J Vet Dent.
2017:34(4):241-247. doi:10.1177/0898756417734312
Fiani N, Verstraete FJ, Kass PH, Cox DP. Clinicopathologic
characterization of odontogenic tumors and focal
fibrous hyperplasia in dogs: 152 cases (1995-2005).
JAm Vet Med Assoc. 2011;238(4):495-500. doi:10.2460/
javma.238.4.495

Cray M, Selmic LE, Ruple A. Demographics of dogs and
cats with oral tumors presenting to teaching hospitals:
1996-2017. J Vet Sci. 2020; 21(5):e70. doi:10.4142/
jvs.2020.21.e70

FDA. FDA summary of safety and probable benefit,
INFUSE/MASTERGRAFT. Acessed on July 15th, 2023.
https://www.accessdata.fda.gov/cdrh_docs/pdf4/
h040004b.pdf

Bryson GL, Wyand A, Bragg PR. Preoperative testing is
inconsistent with published guidelines and rarely changes
management. Can J Anaesth. 2006;53(3):236-241.
doi:10.1007/BF03022208

Owen LN. TNM Classification of Tumors in Domestic
Animals. World Health Organization; 1980.

Goldschmidt S, Stewart N, Ober C, et al. Contrast-
enhanced and indirect computed tomography lymphangi-
ography accurately identifies the cervical lymphocenter at
risk for metastasis in pet dogs with spontaneously occur-
ring oral neoplasia. PLoS One. 2023;18(3):e0282500.
doi:10.1371/journal.pone.0282500

Skinner OT, Boston SE, Giglio RF, Whitley EM, Colee JC,
Porter EG. Diagnostic accuracy of contrast-enhanced
computed tomography for assessment of mandibu-
lar and medial retropharyngeal llymph node metasta-
sis in dogs with oral and nasal cancer. Vet Comp Oncol.
2018;16(4):562-570. doi:10.1111/vco.12415
MenghiniTL, Schwarz T, Dancer S, et al. Contrast-enhanced
CT predictors of lymph nodal metastasis in dogs with oral
melanoma. Vet Radiol Ultrasound. 2023;64(4):694-705.
doi:10.1111/vru.13254

Willcox JL, Spriet M, Zwingenberger AL, et al. Evaluation
of accuracy for 8F-FDG positron emission tomography
and computed tomography for detection of lymph node
metastasis in canine oral malignant melanoma. Vet Comp
Oncol. 2021;19(3):463-472. doi:10.1111/vco.12651
Mahieu R, de Maar JS, Nieuwenhuis ER, et al. New devel-
opments in imaging for sentinel lymph node biopsy in
early-stage oral cavity squamous cell carcinoma. Cancers
(Basel). 2020;12(10):3055.

Grimes JA, Secrest SA, Northrup NC, Saba CF,
Schmiedt CW. Indirect computed tomography lymphan-
giography with aqueous contrast for evaluation of sentinel
lymph nodes in dogs with tumors of the head. Vet Radio/
Ultrasound. 2017;58(5):559-564. doi:10.1111/vru.12514
Randall EK, Jones MD, Kraft SL, Worley D. The develop-
ment of an indirect computed tomography lymphogra-
phy protocol for sentinel lymph node detection in head
and neck cancer and comparison to other sentinel lymph
node mapping technigues. Vet Comp Oncol. 2020;18(4):
634-644. doi:10.1111/vco0.12585

Camerino M, Giacobino D, Manassero L, et al. Prognostic
impact of bone invasion in canine oral malignant mela-
noma treated by surgery and anti-CSPG4 vaccination: a
retrospective study on 68 cases (2010-2020). Vet Comp
Oncol. 2022;20(1):189-197. do0i:10.1111/vco.12761

Lee S, Jang Y, Lee G, et al. CT features of malignant and
benign oral tumors in 28 dogs. Vet Radiol Ultrasound.
2021;62(5):549-556. doi:10.1111/vru.12996

Amory JT, Reetz JA, Sanchez MD, et al. Computed tomo-
graphic characteristics of odontogenic neoplasmsin dogs.

9

-Davis | Unauthenticated | Downloaded 10/23/23 ©3:06 PM UTC



44,

45.

46.

47.

48.

49.

10

Vet Radiol Ultrasound. 2014;55(2):147-158. doi:10.1111/
vru.12101

Ghirelli CO, Villamizar LA, Pinto A. Comparison of stan-
dard radiography and computed tomography in 21 dogs
with maxillary masses. J Vet Dent. 2013;30(2):72-76.
doi:10.1177/089875641303000201

Uribe S, Rojas LA, Rosas CF. Accuracy of imaging meth-
ods for detection of bone tissue invasion in patients with
oral squamous cell carcinoma. Dentomaxillofac Radiol.
2013;42(6):2012034. doi:10.1259/dmfr.20120346
Bombeccari GP, Candotto V, Gianni AB, Carinci F, Spadari F.
Accuracy of the cone beam computed tomography in the
detection of bone invasion in patients with oral cancer: a
systematic review. Eurasian J Med. 2019;51(3):298-306.
doi:10.5152/eurasianjmed.2019.18101

Momin MA, Okochi K, Watanabe H, et al. Diagnostic
accuracy of cone-beam CT in the assessment of man-
dibular invasion of lower gingival carcinoma: comparison
with conventional panoramic radiography. Eur J Radiol.
2009;72(1):75-81. doi:10.1016/j.ejrad.2008.06.018
Patasz P, Adamski L, Gorska-Chrzastek M, Starzynska A,
Studniarek M. Contemporary diagnostic imaging of oral
squamous cell carcinoma-a review of literature. Pol J
Radliol. 2017;193-202. doi:10.12659/PJR.900892
Abramovitch K, Rice DD. Basic principles of cone beam
computed tomography. Dent Clin North Am. 2014;
58(3):463-484.

Brought to you by University of California-Davis | Unauthenticated | Downloaded 10/23/23 ©3:06 PM UTC

50.

51.

52.

53.

54.

55.

Redal J, Sevik S, Skogmo HK, Knudtsen IS, Malinen E.
Feasibility of contrast-enhanced cone-beam CT for target
localization and treatment monitoring. Radiother Oncol.
2010;97(3):521-524. doi:10.1016/j.radonc.2010.07.006
Banfield Pet Hospital. State of pet health 2016 report.
Banfield Pet Hospital; 2016.

O’Neill DG, James H, Brodbelt DC, Church DB, Pegram C.
Prevalence of commonly diagnosed disorders in UK dogs
under primary veterinary care: results and applications.
BMC Vet Res. 2021;17(1):69. doi:10.1186/512917-
021-02775-3

El Tekle G, Garrett WS. Bacteria in cancer initiation,
promotion and progression. Nat Rev Cancer. In press.
doi:10.1038/s41568-023-00594-2

Nwizu N, Wactawski-Wende J, Genco RJ. Periodontal
disease and cancer: epidemiologic studies and pos-
sible mechanisms. Periodontol. 2020;83(1):213-233.
doi:10.1111/prd.12329

Michaud DS, Fu Z, Shi J, Chung M. Periodontal disease,
tooth loss, and cancer risk. Epidemiol Rev. 2017;39(1):
49-58. doi:10.1093/epirev/mxx006

Supplementary Materials

Supplementary materials are posted online at the jour-

nal website: avmajournals.avma.org.





