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There is no clear guideline regarding the indication for routine lymph node extirpation

and pathologic evaluation during staging of canine oral tumors, despite a relatively

high reported nodal metastatic rate for select tumor types. It is particularly unclear

if clinicians recommend removal of lymph nodes only when there is confirmation of

metastasis, defined as the N+ neck, or if elective neck dissection (END) is routinely

recommended to confirm the true pathologic metastatic status of lymph nodes in the

clinical N0 neck (no evidence of metastasis on clinical staging with diagnostic imaging

or cytology). When clinicians are recommending END as a staging tool to confirm

nodal status, there is also ambiguity regarding the surgical extent for subsequent

histopathologic evaluation. The objective of this cross-sectional survey study was to

determine the current recommendations given by practicing specialists regarding lymph

node removal for dogs with oral tumors. Overall, 87 responses were obtained from 49

private practices (56%) and 38 academic institutions (44%). Respondents identified as

oncologists (44%, N = 38), soft tissue surgeons (40%, N = 35), and dentists (16%,

N = 14). Regardless of tumor type and stage, extirpation and histopathology were

most commonly recommended in the clinical N+ neck only. The recommendation to

routinely perform END in the N0 neck was significantly associated with tumor type.

Bilateral removal of the mandibular and retropharyngeal lymph nodes was recommended

more often for oral malignant melanoma (OMM) than for oral squamous cell carcinoma

(OSCC; p ≤ 0.0039) or for oral fibrosarcoma (OFSA; p ≤ 0.0007). The likelihood of

recommending END increased with increasing tumor size. Academic clinicians were

significantly (p < 0.01) more likely to recommend END compared to private practitioners

for canine T1–T3OMM, T3OSCC, T2OFSA, andMCT. This study highlights the variability

in recommendations for lymph node pathology for dogs with oral tumors. While tumor

type and size influenced the decision to pursue END, it was not routinely recommended,

even for tumor types with a known propensity for metastasis. Prospective studies are

warranted to determine the potential diagnostic and therapeutic value of END in the N0

neck in veterinary patients such that a consensus approach can be made.
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INTRODUCTION

Tumor staging including the evaluation of locoregional draining
lymph nodes for metastasis is a critical step in the oral oncologic
work-up. For tumors of the head, presence of lymph node
metastasis can affect treatment recommendations and may
negatively impact outcome (1–7). Arguably, failure to properly
identify the lack of lymph node involvement could also result in
unnecessary treatment that fails to improve outcome. Lymphatic
drainage from the head can be complicated making prediction of
themost likely lymphocenter formetastasis challenging (3, 8–11).
Furthermore, relying on lymph node size alone has been shown
to be unreliable for accurate identification of metastatic disease,
with palpably normal nodes commonly harboring metastasis
(12, 13). While the mandibular, retropharyngeal and parotid
lymphocenters represent the major draining sites for oral and
maxillofacial tumors, the mandibular lymph nodes (MLN) are
the most peripherally accessible for fine needle aspiration (FNA)
and therefore the most commonly sampled (14). Not only may
the tumor metastasize to nodes other than the MLN, but dogs
can have multiple MLNs and it is not clear that all are evaluated
during staging (3, 14). Importantly, assessment of only one MLN
is unreliable at ruling out locoregional metastasis (8, 11). Similar
to assessment of size, imaging alone is insufficient for prediction
of metastasis, even with the use of computed tomography (CT),
and is not recommended as a reliable tool without concurrent
cytologic or histopathologic evaluation (15). Ultrasound or CT
guidance may aid in the cytologic sampling of the less accessible
retropharyngeal and parotid lymph nodes (RLN and PLN,
respectively), depending on operator experience and comfort
(10). Conversely, several veterinary oncologic studies have shown
that cytology alone also lacks sensitivity and specificity in the
evaluation of potential metastasis to regional lymph nodes (3,
16, 17). Thus, histopathologic evaluation of the draining regional
lymph nodes at risk for metastasis remains the gold standard
diagnostic staging tool for dogs with oral tumors (3, 8, 10, 11,
16, 17).

Similar concerns are noted for accurate detection of cervical
metastatic disease in human oncology, with palpation, diagnostic
imaging, and cytologic evaluation failing to replace elective neck
dissection (END) for patients with the clinically negative (cN0)
neck. The cN0 neck is defined as having no identified metastatic
nodal disease with clinical staging utilizing palpation, diagnostic
imaging, and/or cytologic sampling (18–20).

END by definition is removal of lymph nodes to confirm the
true pathologic metastatic status in the clinical N0 neck. It may
include ipsilateral or bilateral removal of the draining cervical

Abbreviations: SLN, Sentinel Lymph Node; RLN, Retropharyngeal Lymph Node;

MLN, Mandibular Lymph Node; PLN, Parotid Lymph Node; END, Elective Neck

Dissection. In this survey END included bilateral removal of RLN,MLN, and PLN,

bilateral removal of RLN and MLN, or ipsilateral removal of MLN and RLN; cN0

neck, Cervical lymph nodes have staged clean with clinical assessment performed

by palpation, diagnostic imaging, and/or cytology; pN0 neck, Cervical lymph

nodes are confirmed to not have metastatic deposits by pathologic evaluation;

N+ neck, Cervical lymph nodes have been shown to be metastatic or are highly

likely metastatic based on clinical assessment with palpation, diagnostic imaging,

and/or cytology; OMM, Oral Malignant Melanoma; OSCC, Oral Squamous Cell

Carcinoma; OFSA, Oral Fibrosarcoma; MCT, Mast Cell Tumor.

lymphocenters, encompassing either a subset or all of the possible
draining nodes. Conversely, therapeutic neck dissection refers to
the removal of known metastatic lymph nodes (N+ neck), used
to decrease tumor burden and improve discomfort associated
with bulky nodal disease (21).

In early stage human head and neck tumors, where squamous
cell carcinoma (SCC) is the predominant tumor type, an early
recommendation was for END to be performed to confirm
pathological node-negative disease (pN0) when the estimated
risk of occult metastases from the tumor exceeds 20% (22). This
risk analysis was based on the fact that pathologically detected
occult metastases decreases 5 year survival by 50% (21, 23–
26); undetected cervical metastasis therefore carries significant
therapeutic and prognostic implications.

Human head and neck cancer data has identified tumor
specific risk factors associated with cervical metastasis.
Specifically, tumor location (tongue, floor of mouth), tumor size
(>2 cm), and depth of invasion (>4mm) have been repeatedly
associated with an increased risk of nodal metastasis, leading to
published guidelines outlining clear indications for END (21, 27–
30). Additional data has shown that END reduces regional nodal
recurrence and improves disease-specific survival for cN0 head
and neck carcinoma, even for small tumors (20, 21, 23, 27, 30–
35), and that up to 40% of patients without obvious nodal
metastases at presentation will have occult metastases following
dissection (36).

Critics of END in human oncology focus on the potential
over-treatment argument and highlight that a large percentage of
patients with clinically N0 neck assessment undergo unnecessary
surgery, and it is not always clear that benefits outweigh the
postoperative morbidity (21, 24, 26). Risks associated with END
include prolonged anesthesia time, and postoperative changes
including neck pain, fibrosis, reduced shoulder mobility and
strength, and nerve damage, all of which can negatively affect
patient quality-of-life measures (24, 32, 37, 38). As rapid advances
in CT, MRI, and PET technology better detect nodal changes
during cancer staging, it is possible that close observation with
salvage neck dissection, defined as removing bulky metastatic
disease at the time of nodal progression, may yield similar
outcomes to END (24).

Sensitive methods for sentinel lymph node (SLN) mapping
and biopsy, may also provide less invasive methods for some
patients while still conferring the benefit of accurate staging with
pathologic evaluation of the lymph nodes. SLNmapping involves
identification of the first draining lymph node from the oral
tumor, termed the SLN, and histopathologic evaluation in order
to predict the status of the entire cervical region. SLN mapping
techniques have been validated to accurately predict the entire
lymphatic basin over 90% of the time, and have been shown to
be a reliable staging tool for early stage human SCC (39–41).
Studies directly comparing disease free survival time between
SLNmapping with biopsy vs. END for the cN0 neck suggest SLN
mapping may be a promising substitute in some circumstances to
END (41–43).

Contrary to humans, tumor specific risk factors for cervical
metastasis are not clearly defined in dogs; thus, it is difficult to
understand if common guidelines lead clinicians to recommend
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END as a component of thorough staging protocol for oral
tumors. Several recent studies have highlighted efficient and
thorough methods for END that permit surgical staging for
regional metastasis (10, 11, 44–46); but, a lack of clarity exists
regarding which techniques clinicians are utilizing, and when
they are recommending END, given the potential morbidity
associated with this procedure. Possible surgical complications
associated with END include seroma formation, infection at the
lymphadenectomy site, and laceration of major vessels in the
area, all of which could significantly impact the quality of life
of the patient. Although, most complications are anecdotally
reported as rare, the exact complication rates associated with
END in dogs are not reported in the literature (10, 11, 44–46).
Consideration also needs to be given to the additional surgical
skill and time required to perform this procedure, as well as
the associated cost to the client for additional surgery that may
not result in a difference in overall survival time (46). Lastly,
and potentially most impactful, the true prognostic effect of
cervical metastasis on median survival time is unknown due
to inconsistencies in both staging methodology as well as long
term oncologic surveillance in canines. Thus, it is unclear at this
time, if the benefit of END to confirm true pathologic status of
the cervical lymph nodes will result in improved disease-free or
overall survival, as it does in humans, where outcome is often
evaluated in 3 or 5 year increments.

Standardization of approach for pathologic evaluation of
cervical lymph nodes will minimize differences between studies
regarding metastatic rate and outcome, thereby improving
current knowledge to alter care paradigms and allowing
evaluation of tumor-specific risk factors for cervical metastasis.
Therefore, the purpose of this study was to assess current practice
amongst veterinary specialists who routinely stage and treat
canine oral tumors. The goal was to determine the variability
in staging and therapeutic recommendations currently made for
common canine oral tumors. We hypothesized that specialists
would recommend END in oral malignant melanoma (OMM)
and large (>4 cm) oral squamous cell carcinoma (OSCC) more
frequently than for other tumors, based on the current body of
veterinary literature on metastatic risks.

MATERIALS AND METHODS

Survey Questions
A link to an electronic questionnaire formulated in Microsoft
Outlook (available in Appendix 1) was provided to members
through distribution via the email list server (listserv) for the
American Veterinary Dental College (AVDC), the Veterinary
Society of Surgical Oncology (VSSO), the American College
of Veterinary Surgeons (ACVS), the American College of
Veterinary Internal Medicine-Oncology (ACVIM-Oncology),
and the American College of Veterinary Radiology-Radiation
Oncology (ACVR-Radiation Oncology). The survey was
accessible for a 4 month duration, and three reminders were
emailed to request completion. This study was exempt from
review by the University of Minnesota Institutional Review
Board (IRB).

TABLE 1 | Lymph node recommendation for tumor type and stage: guidelines

when answering the survey.

1. Please indicate lymph node recommendations for the following oral

neoplasms using the WHO TNM Classification scheme

2. For all staging questions regarding tumor size (T1–T3), assume there is no

evidence of distant metastasis

3. For all patients, assume no patient has a concurrent comorbidity and that

each client is not concerned about finances to provide optimal treatments to

best manage clinical symptoms of their animal

4. While there is no clear consensus statement on proper lymphadenectomy

procedure guidelines, please provide answers that fit with your

strongest recommendation

TABLE 2 | List of possible survey responses.

1 All Recommend removing retropharyngeal, mandibular, and

parotid lymph nodes bilaterally regardless of normal

appearance on diagnostic imaging

2 All Recommend removing retropharyngeal and mandibular

lymph nodes bilaterally regardless of normal appearance

on diagnostic testing

3 All Recommend removing retropharyngeal and mandibular

lymph nodes ipsilaterally regardless of normal

appearance on diagnostic imaging

4 All Recommend removing a regional lymph node only if it is

suspicious on diagnostic imaging and/or

suspicious/positive for metastasis following cytologic

assessment

5 All Other

6 Stage 4 only Recommend removing the regional lymph node(s)

depending on the goals of the client and on the clinical

signs and/or quality of life of the pet (i.e., palliative

radiation therapy to primary tumor/regional LN and/or

medical management may be elected in lieu of surgery)

Responses were listed as multiple choice options (1-5) that pertained to all tumor

questions. For stage 4 dogs, respondents were also provided with an additional option (6).

The questionnaire requested that respondents follow
guidelines (Table 1) and make particular assumptions prior to
taking the survey to permit standardized results. Tumor types
queried with respect to clinical staging were limited to OMM,
OSCC, and oral fibrosarcoma (OFSA). Questions regarding
tumor stage utilized the World Health Organization staging
scheme describing the primary tumor (T), status of regional
lymph nodes (N) and presence or absence of distant metastasis
(M) (47). Specifically, T1 referred to tumors ≤ 2 cm in diameter,
T2 referred to tumors 2–4 cm in diameter and T3 referred to
tumors >4 cm in diameter (47).

OSCC, OMM, OFSA was queried separately for T1–T3 as well
as stage 4. All questions pertaining to the T1–T3 tumor types
had the same 5 multiple choice options to choose from Table 2.
For stage 4 tumors, defined as presence of distant metastasis,
respondents were also provided an alternative option regarding
lymph node extirpation to clarify if they recommend removal if
it aligns with the client goals and/or improves quality of life of the
patient. For stage 4 tumors, it was assumed that distant metastasis
was confirmed with diagnostic imaging, although this was not
clearly defined within the survey.
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Within the survey, END was defined as either bilateral
removal of RLN, MLN, and PLN, bilateral removal of RLN
and MLN, or ipsilateral removal of MLN and RLN when
there was no evidence of lymph node metastasis on cytology
or diagnostic imaging (cN0). Conversely, removal of a single
node or nodes based on high suspicion or confirmation of
metastasis was considered to be therapeutic, not elective,
neck dissection.

Lymph node management for uncommon tumor types were
queried via additional questions without regard to tumor
size. Uncommon tumor types queried included osteosarcoma,
chondrosarcoma, and mast cell tumor (MCT). For osteosarcoma
and chondrosarcoma, respondents were queried yes or no
if their recommendations are the same for both these
tumors as they are for OFSA. For MCT respondents were
given the same 5 multiple choice options as common oral
tumors (Table 2).

To gather information about alternative methods of cervical
node management, the survey also asked respondents if SLN
mapping was routinely performed for head and neck tumors
and to define the protocol if one existed. This section on
SLN mapping was free text to allow clinicians to specify the
protocol used to identify the first draining lymph node from the
oral tumor, which is presumed to be the sentinel lymph node
(although the use of SLN biopsy to predict themetastatic status of
the entire basin has not been validated in canines). Respondents
were also asked to subjectively report how often the mapping
technique accurately identified the first draining lymph node.

Additional information regarding subjective complications
following END was also recorded. Specifically, respondents were
asked to report approximate occurrence of postoperative seroma
as stratified answers of: often (>75% of the time), frequent (50%
of the time), rarely (<25% of the time), or other. Respondents
were also queried about postoperative infection and given the
same possible responses as for seroma.

Statistical Analysis
To assess overall differences in response by practice type
(academia vs. private practice) and specialty, Fisher’s test was
performed using the algorithm in the fisher.test R function.
This was done separately for each question. To follow-up
statistically significant differences, pairwise Fisher’s tests were
performed, for each response separately against all others. For
specialty, this was done pairwise between the three specialties,
with the Bonferroni-Holm adjustment for multiple comparisons.
Adjustment, however, was not performed across the possible
different answers for each question. First, because the overall
Fisher’s test controls the overall Type I error, and second, because
the responses are necessarily correlated (that is, if there are more
of one response, there must be less of another). To assess overall
differences in response between the three common tumor types
(OMM, OSCC, and OFSA), a different method was needed,
because these were repeated responses from the same individuals.
Therefore, a permutation-based chi-squared test was used, with
permutations formed by permuting the three responses within
each respondent. This was done separately for (T1–T3), and
20,000 permutations were performed for each. To follow up

statistically significant differences, pairwiseMcNemar’s tests were
performed, with p-values computed using the exact binomial test.
Adjustment for multiple comparisons was performed similarly
to the adjustments for the specialties. Lastly, for each possible
response separately, pairwise McNemar’s tests was performed
between all 11 groups (T1, T2, T3 OMM, SCC, FSA as well as
mast cell tumor and lymphoma) with p-values corrected using
the Bonferroni-Holm method. For each of the 11, significant
difference between responses was defined at the p < 0.05 level.
This was repeated with responses 1–3 combined to represent
recommendation for any form of END. All computations were
performed with standard statistical software.1

RESULTS

Overall, 87 surveys were completed. Fifty-six percent (49/87)
of the responses were from private practices and 43% (38/87)
were from academic institutions. None of the survey responses
were excluded from analysis. However, information on lymph
node management for epitheliotrophic lymphoma as well as
one survey question on SLN mapping were removed from
analysis due to ambiguous wording and inconsistent responses
(Appendix 1). Respondents identified as practicing oncology
(44%, N = 38), soft tissue surgery (40%, N = 35), or dentistry
and oral surgery (16%, N = 14). No respondent identified as a
non-boarded specialist when queried on their specific specialty
in the survey.

Lymph Node Recommendations for
Common Oral Tumors
Clinicians most commonly recommend lymph node extirpation
for histopathologic analysis only when there is clinical suspicion
of metastasis (N+ neck), regardless of tumor type (Figure 1).
Accordingly, the majority of clinicians do not routinely
recommend END (Table 3) for cN0 oral tumors in dogs. When
END is recommended, it is recommended more frequently for
OMM compared to OSCC and OFSA for similar clinical stages
(Figure 2).

Within this study population it was identified that when
END is recommended, parotid lymph node extirpation is rarely
included (Figure 2). Bilateral removal of RLN and MLN is more
commonly recommended for OMM, while ipsilateral or bilateral
extirpation is recommended with similar frequency for OSCC
and OFSA. Notably, bilateral extirpation of the MLN and RLN
in the cN0 neck is recommended significantly more frequently
for OMM than for OSCC and OFSA, and more often (p < 0.01)
for T3 OSCC than for T3 OFSA (Figure 2). Selective extirpation
of only a suspicious or confirmed metastatic node is performed
significantly more frequently (p < 0.05) for OFSA compared to
OSCC andOMM, as well as OSCC compared to OMM (p< 0.01)
(Figure 2).

As tumor size increased, regardless of tumor type, clinicians
recommend END more often, although this difference was often

1R Core Team. R: A Language and Environment for Statistical Computing. R

Foundation for Statistical Computing, Vienna (2019). Available online at: https://

www.R-project.org/.
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FIGURE 1 | All survey responses for clinician recommendations regarding performing lymph node pathology for common tumor types separated by stage.

TABLE 3 | Overall recommendations for any form of elective neck dissection (END) for common canine oral tumors (OMM, OSCC, OFSA) for clinically neck negative (N0)

disease.

OMM OSCC OFSA

T1 T2 T3 T1 T2 T3 T1 T2 T3

22

(25.2%)

30

(34.5%)

33

(37.9%)

11*

(12.6%)

21

(24.1%)

24*

(27.6%)

7

(8.0%)

10

(11.5%)

12

(13.8%)

In this study, any form of END included bilateral removal of RLN, MLN, and PLN, bilateral removal of RLN and MLN, or ipsilateral removal of MLN and RLN. Data are presented as the

number of respondents who elected END with the percentage of respondents in parentheses. *Significant (p < 0.01) difference between T1 and T3 OSCC.

not significant (Table 3). No significant difference was identified
in the likelihood of END recommendation for dogs with OMM

or OFSA with increasing tumor size. For OSCC, clinicians are

significantly (p < 0.05) more likely to recommend END for T3

tumors compared to T1 tumors.
Regardless of tumor type, once there is evidence of distant

metastatic spread, END is only recommended in 2–4% of cases

(2.2% OMM, 3.4% OSCC, 2.2% OFSA) (Figure 1).

Lymph Node Recommendations for Less
Common Oral Tumor Types
Osteosarcoma and Chondrosarcoma

When queried as a yes or no response, 77% of respondents
replied that they make the same recommendations for both
osteosarcoma and chondrosarcoma (67/87) regarding lymph
node extirpation for histopathologic analysis as they do
for OFSA.
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FIGURE 2 | Recommendation to perform END in the N0 neck vs. extirpation in the N+ neck only for T1–T3 OMM, OSCC, OFSA. Significant differences between

specific recommendations per tumor type are highlighted.

Oral/Labial Mast Cell Tumor (MCT)

Twenty seven percent of clinicians responded that END is
recommended for dogs with oral MCT (Figure 3). There was
no significant difference in the frequency of some form of END
recommendation in dogs with MCT compared to T1–T3 OMM,
T2–T3 OSCC, and T3 OFSA. When END is recommended,
bilateral removal of the MLN and RLN is the most common
(58.3%) surgical recommendation.

Use of SLN Mapping
Thirty-three percent (29/87) of respondents reported use of SLN
mapping techniques for head and neck tumors. Twenty- one
respondents reported the exact technique utilized, with some
reporting more than one technique that is utilized at their
institution. Reported techniques included CT lymphangiography
+/– methylene blue at surgery (19/21), intra-operative use of
methylene blue alone (1/21), lymphoscintigraphy (3/21), and
intraoperative near infrared fluorescence lymphography (4/21).
Of those that responded that they perform SLN mapping, the
majority (66.7%) subjectively reported they are able to accurately
identify the first draining LN (presumed SLN) >50% of the time.
Specifically, 23.3% of respondents claimed a 50–75% success
rate, and 43.3% reported a 75–100% success rate using their
respective mapping protocols. Only 8 respondents reported
they request additional pathologic information on the removed
“sentinel lymph node.” Reported written requests included:
breadloafing (2/8) immunohistochemistry (2/8), polymerase
chain reaction (1/8), and bivalving the SLN through the
hilum (2/8). Kiupel mast cell tumor staging (1/8) was
also listed, however due to the anonymous nature of the
survey, the authors were unable to determine if this was
meant to reflect a request for grading of the primary
tumor, or if the respondent uses a unique lymph node

evaluation method with criteria similar to the Kiupel grading
system (48).

Complications With Elective
Lymphadenectomy
The self-reported complication rate of seroma formation
following END was low, with 6.9% reporting it is never seen
and 47.1% reporting it is seen rarely (<25% of the time). The
remainder reported it was seen∼50% of the time (19.5%), >75%
of the time (16.1%), 100% of the time (3.4%) or reported the
question was not applicable to them.

The self-reported infection rate following END was also low
with 24.1% reporting this complication was never seen and 56.3%
reporting it is seen rarely (<25% of the time). No respondents
reporting that the complication was always or commonly (>75%)
seen. The remainder reported that it was seen 50% of the time
(2.3%) or that the question was not applicable to them.

Less common complications reported included facial swelling,
regional edema, dehiscence, hemorrhage, and muzzle edema.
Respondents were not queried on if they saw complications
more commonly with specific forms of END compared to other
surgical techniques.

Recommendation Differences Based on
Practice Type or Specialty
Clinicians in academia were significantly (p < 0.01) more likely
to recommend routine bilateral END (RLN and MLN) for T1–
T3 OMM, T3 OSCC, T2 OFSA, and oral MCT compared to
clinicians in private practice. Conversely, clinicians in private
practice were significantly (p < 0.01) more likely to make
recommendations for solitary lymph node extirpation based on
suspicion of metastasis. Academic clinicians were significantly
(p < 0.01) more likely to perform SLN mapping compared to
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FIGURE 3 | Survey responses for clinician recommendations regarding performing lymph node pathology for oral/labial mast cell tumor.

private practices. No significant differences in recommendations
between specialties were found for dogs with OMM, OSCC,
OFSA, or oral mast cell tumors.

DISCUSSION

This is the first study to investigate current practice for the
management of regional lymph nodes in dogs with oral tumors.
There is no current consensus for lymph node management or
neck dissection in the clinically negative (cN0) neck or in the
metastasis-positive or suspected positive (N+) neck. The lack
of standardized approach among board certified small animal
oncologists, dentists, and surgeons to the determination of lymph
node status prohibits the realization of the true prevalence
of metastasis for canine oral tumors and evaluation of tumor
specific risk factors for cervical metastasis. This study therefore
sought to determine recommendations provided by specialty
clinicians who routinely stage and treat canine oral tumors.

It was identified that clinicians are most likely to recommend
bilateral END for OMM compared to other tumor types.
However, a large proportion of clinicians (41–80% of respondents
pending tumor type and stage) elect to remove only a suspicious

or cytologically confirmed metastatic lymph node for dogs with
oral tumors.

This finding was not surprising for canine OFSA given the low
likelihood of lymph node metastasis (6, 49–51); indeed, even for
T2 and T3 tumors, clinicians only recommend END in 11 and
14% of cases, respectively. Furthermore, the true prognostic effect
of cervical metastasis with OFSA is elusive due to limited data. In
one study of OFSA, only 3% of dogs had lymph nodemetastasis at
diagnosis and it was not associated with outcome (51). A second
study of OFSA in 29 dogs did not detect any nodal metastasis
at diagnosis while local recurrence and distant metastasis were
the documented causes of death (50). Overall, the risks of node
extirpation unlikely outweigh any potential benefits. Similar to
canine OFSA, respondents largely reported similar lymph node
management for uncommon oral sarcomas such as osteosarcoma
or chondrosarcoma.

Unexpectedly, only 25–38% of clinicians recommended END
in the N0 neck for dogs with OMM, despite the high (up
to 74%) propensity of these tumors to metastasize to regional
lymph nodes, often to multiple lymphocenters (7–9, 11, 13, 17,
52). This was especially surprising given that existing literature
suggests that lymph node size, imaging appearance, and cytologic
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evaluation are limited in accurately determining nodal metastasis
for canine OMM (3, 8, 9, 13, 15, 17). It is possible that
respondents have factored in several findings in their clinical
management strategies, such as: the uncertainty in the true rate
of cervical lymph node metastasis in canine OMM in part due
to lack of standardized assessment, that the literature has not
always shown lymph node metastasis to be a negative prognostic
factor, and that distant metastasis is particularly problematic for
many cases (7, 53–56). The risk of concurrent distant metastasis
may also explain why END was not increasingly performed
with advancing tumor size for OMM. It is well-documented
that as tumor size increases, the risk of distant metastasis
concurrently increases; thus, even with the lack of confirmed
metastatic deposits in the thorax, the morbidity of performing
lymphadenectomy may not be justified given the potential for
decreased median survival time (7, 52). This is a controversy
that surrounds human melanoma as well and forms the basis
of the primary argument against END for staging human head
and neck cutaneous melanoma. This argument stems around
the “marker hypothesis,” which supposes that the presence of
metastatic deposits in the cervical lymph node(s) act only as
a marker for distant dissemination and removal of the tumor
burden in the nodal bed carries no therapeutic value itself (57,
58). Thus, END used solely for staging and prognostic purposes,
without a positive effect on survival, cannot be justified in the
face of its associated morbidity; this may be particularly relevant
when considering tumors like metastatic melanoma that are
challenging to treat systemically (57, 58).

Recommendations made for OSCC were in accord with
the majority of available veterinary literature suggesting overall
low rates (9–13%) of nodal metastasis at diagnosis (2, 6, 8,
10) and increasing risk of metastasis with larger tumors (5,
59, 60). Notably, clinicians were significantly more likely to
recommend END for T3 tumors compared to T1 tumors.
Although the recommendation for END increased as tumor
size increased, within each T stage, clinicians were still more
likely to recommend bilateral removal of the MLN and RLN
for dogs with OMM compared to OSCC. This recommendation
mirrors the reported biologic behavior of these two tumor types.
However, when looking at a recommendation for any form of
END (not just bilateral MLN and RLN removal), there was
no significant difference in the likelihood to recommend END
for a T2/T3 OSCC or OMM. This suggests that clinicians feel
that larger OSCC may have a higher nodal metastatic rate.
Indeed, a recent study did not identify significantly different
percentages of cervical metastasis in dogs with OMM and
OSCC following histopathologic evaluation (8). Notably, the
majority of dogs with OSCC in that study had T2 or T3
tumors but none had suspicion of nodal metastasis with staging;
however dogs with tonsillar SCC were also included in the
study cohort, which impacted the reported metastatic rate (8).
In a separate case series that studied efficacy of piroxicam and
carboplatin in dogs with T3 non-tonsillar OSCC, all dogs had
nodal metastasis (61). The identification of nodal metastasis
is clinically significant for OSCC, as literature has reported
that median survival time is reduced by 67–90% when nodal
metastasis is present (1, 6). Furthermore, unlike melanoma,

there is stronger evidence to suggest that carcinoma stalls in
the lymphatic channels prior to hematogenous dissemination,
which supports that lymphadenectomy may be therapeutic in
addition to prognostic (21, 34). Recent literature surrounding
T2–T3 OSCC in canines suggests that routine END might be
justified, although its prognostic and therapeutic value requires
further investigation.

Interestingly, despite the paucity of literature on oral MCTs
(4, 62), respondents were equally as likely to recommend END
(27.5%) for dogs with oral/labial MCTs as they were for OMM
(approximately 32.5% overall). Unlike OMM, where distant
metastasis poses a significant clinical challenge (5, 7, 52, 63),
literature supports that adequate local control of the primary
tumor and regional nodes is the most important facet for long-
term control for dogs with MCTs (54–56). Thus, it was surprising
that given the high propensity for oral MCT to metastasize to
lymph nodes and the significant effect of nodal metastasis on
median survival time, that END is not recommendmore often for
the N0 neck (54–56). Rather, in 53% of cases, nodes are extirpated
only if suspicious for metastasis on imaging or cytologically
confirmed as metastatic.

Overall regardless of tumor type, clinicians are most likely
to recommend lymph node extirpation only if there is clinical
suspicion or cytologic confirmation of metastasis. The survey
was not designed to assess subsequent clinical decision making,
so it could not accurately capture the frequency at which
recommendations changed upon clinical staging, or what served
as rationale behind this recommendation. Specifically, the survey
asked that respondents choose between recommending removal
of a lymph node only where there is suspicion of metastasis
(N+) or various forms of END in the cN0 neck (or other);
it was therefore challenging to capture clinical cases where,
following identification of a suspicious lymph node during
staging, END was performed to remove other cervical nodes at
risk. Furthermore, the survey was not designed to determine
if radiotherapy was planned in order to achieve local control
following identification or confirmation of a suspicious lymph
node, rather than surgical extirpation.

What was clear from the survey results, however, is that END
is not routinely recommended in the cN0 neck for dogs with
oral tumors. This may be due to the morbidity associated with
lymphadenectomy without a clearly defined benefit in survival
times, or a lack in understanding surrounding the importance of
examining lymphocenters other than the MLN (8, 11).

Of the subset of respondents that routinely recommend END,
the majority recommend bilateral removal of the RLN and MLN
for OMM, while bilateral and ipsilateral removal of MLN and
RLN is recommended with similar frequency for OSCC and
OFSA. The canine literature points out the risk of lymph drainage
in the head occurring on the contralateral side in up to 62%
of cases (8, 10, 11). Thus, for complete evaluation of cervical
metastasis, removal of the lymph nodes bilaterally should be
performed especially if the tumor is at midline (8, 9, 45). There
may be a propensity for tumors at certain locations to spread
only ipsilaterally, but further evaluation of metastatic lymphatic
patterns in the dog are required to identify when ipsilateral
lymphadenectomy may be more appropriate. Until more robust

Frontiers in Veterinary Science | www.frontiersin.org 8 August 2020 | Volume 7 | Article 506

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Congiusta et al. Oral Tumor Lymph Node Staging

data on lymph node metastatic drainage patterns is available, it
seems prudent to perform bilateral RLN and MLN for high risk
oral tumors (9, 10, 45).

It is also important to note, that dogs can have differing
numbers of mandibular nodes (range of 2–4 is most common)
as well as both a medial and lateral retropharyngeal lymph
node (14). The survey was not designed to specifically question
how clinicians manage aberrant anatomy. Ideally, CT scan with
IV contrast should be performed prior to END to highlight
aberrant anatomy and guide surgical planning. Failing to remove
all possible draining lymph nodes for pathologic evaluation
may hinder END performance in the cN0 neck, as the first
draining node of the lymphatic basin may not be pathologically
evaluated. In the future, the use of SLN mapping techniques may
help highlight which node(s) are most important to sample for
staging purposes.

Of respondents performing END, the self-reported
complication rate was low, with the majority reporting infection
and seroma as potential complications. While the survey was
not designed to address specific complications and severity, in
retrospect, a critical flaw was that the survey did not differentiate
transient cervical edema from true seroma formation. This
potentially overestimates the reported frequency of seroma
formation and underestimates cervical edema formation in our
study. Furthermore, the questions surrounding complications
also queried oncologists, which may not be an accurate reflection
of the complication rate as they most likely are not overseeing
the follow up for these patients postoperatively. Additional study
is needed to characterize adverse events associated with END
procedures, particularly as seroma and postoperative infection
cause discomfort and may delay adjuvant therapy in some
dogs. For example, postoperative seroma may delay the start
of treatment or require adaptive planning (re-planning due
to tissue changes in the radiation field) (64, 65). Decreases in
seroma volume or resolution of a postoperative abscess after
CT simulation for radiation planning and/or during treatment
negatively affect the quality of the radiation plan and may
significantly increase the volume of and dose to normal tissue if
uncorrected, thus increasing the likelihood that adverse events
will develop (65, 66). While adaptive planning techniques are
routine in some human radiation oncology departments, the use
of adaptive planning in veterinary oncology is not yet standard
and carries financial and time commitment implications for
pet owners.

Given the infrequency in which END is currently
recommended, and the potential for morbidity with neck
dissection, it raises the question of whether or not the potential
benefit of END is worth the associated morbidity in the canine
N0 neck.

This same argument exists in human literature, where the
true necessity of END still remains uncertain for early stage
disease OSCC, despite updated meta-analyses and guidelines
(21, 22, 24, 32, 36, 67). In favor of END is literature that has
shown that occult metastases can be detected in 10–45% of cases
despite a N0 clinical assessment and the fact that the presence of
nodal metastasis carries clear prognostic implications decreasing
5 year survival by up to 50% (21, 23–26). Based on this, it has

been historically recommended that END is performed when the
cervical metastatic risk of the tumor exceeds 20%. However, in
opposition to END is the fact that this means that up to 80%
of patients are receiving unnecessary neck dissection, which can
be associated with significant morbidity. Due to the controversy
surrounding END, SLNmapping, and biopsy was introduced and
is regarded as an alternative staging method to END with similar
long-term survival outcomes (41).

In this study, 30% of respondents reported that they routinely
recommend and perform SLN mapping techniques in canines
to identify the first draining lymph node for oral tumors. This
low percent was unsurprising since SLN techniques have not
been standardized or validated in veterinary medicine. While a
comprehensive review of SLN techniques is beyond the scope
of this study, the reader can be directed toward a recent
review of promising methodologies (68). Briefly, SLN mapping
techniques primarily include peritumoral injection of either
iodinated contrast, methylene blue dye, or radioactive isotopes
and then evaluation of which node the injected material drains to
first, utilizing either preoperative diagnostic imaging, a gamma
probe, or visual detection surgically. This first draining lymph
node is referred to as the SLN, which has the potential to predict
the status of all other nodes in the basin; thus, negating the need
for END for confirmation of pathologic N0 status. In canines,
several mapping techniques to identify the first draining lymph
node in the neck have been reported (68–70). However, in dogs,
it is not yet clear if pathology within the first draining lymph node
accurately reflects the remainder of the lymphatic basin so further
validation is needed for SLNmapping to replace END to confirm
pN0 status.

One limitation of the survey study is that it did not clearly
define what was meant by SLN mapping nor “success” of
the SLN mapping procedure. Of those that responded they
perform SLN mapping, 67% stated that they accurately identify
the SLN the majority of the time, but it wasn’t clear if success
was defined by histopathologic assessment of metastasis as the
gold standard. One key component to validating novel SLN
mapping techniques requires histopathologic confirmation that
the “sentinel node” identified accurately predicts the remaining
lymph node basin, and thus can reliably be used in place of END.
It is therefore essential to capture the false negative rate of SLN
biopsy to validate the technique. This supports the establishment
of recommendations for END as the gold standard for canine oral
tumors at moderate to high risk of metastasis until validation
of SLN techniques has been performed (71). Surprisingly, for
those respondents who currently recommend or perform SLN
mapping and biopsy, only 6% specify how they would like nodes
to be evaluated histologically. One of the primary benefits of SLN
mapping is that if only one or two nodes are submitted, more
rigorous pathologic evaluation may be feasible. For example, thin
serial sectioning of each node with immunohistochemistry (such
as AE1/AE3) has been shown to significantly increase detection of
occult metastases in humans (72–75), and these techniques may
also be beneficial in canine tumors.

At our institution, we perform SLN mapping with CT
lymphangiography followed by END (bilateral MLN and RLN)
for tumors with a reported cervical metastatic risk of 20% or
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greater based on the current body of veterinary literature (2,
5, 7–11, 13, 17, 52, 59, 60), similar to early recommendations
in human OSCC (22). Currently, we perform SLN mapping
and END for T1–T3 OMM (excluding well-differentiated T1
melanomas with a mitotic index of 0–1), T2–T3 OSCC,
and mucosal/oral mast cell tumors. However, the authors do
acknowledge that the true cervical metastatic rate is not clearly
defined and the treatment paradigm we have instituted will be
updated as new literature is available.

It is our hope that with more data on the true metastatic
risk of canine oral tumors and the prognostic effect of cervical
metastasis, a more appropriate risk analysis and guideline for
when to perform END could be adopted. By corroborating
cervical metastatic status with factors such as tumor size,
location, and pathologic features such as depth of invasion,
mitotic index, and perineural invasion, specific risk factors
may highlight dogs with oral tumors that most benefit from
END approaches.

It is important to note that risk analysis comparing the benefit
vs. risk of recommending routine END cannot be accurately
performed within the canine population without knowledge
of the true cervical metastatic rate of oral tumors as well
as the prognostic implication of cervical metastasis. Further
work needs to be done to characterize the rate of occult
metastasis in the canine clinical N0 neck, document the rate of
complications following END procedures, compare progression-
free survival between END and observation or nodal irradiation,
and determine the clinical case scenarios that unequivocally
benefit from END.

As detailed, there were several limitations in the survey study,
including inherent bias with self-reporting, low response rate
which may have selected for clinicians with strong opinions for
or against END, lack of definition or clarification of individual
postoperative complications with END, lack of definition of
a “successful” SLN mapping procedure, and the inability
for respondents to rationalize their responses. However, it
provides the first study to highlight the variability that exists
across clinicians who stage and treat canine oral tumors. The
recognition of this variability will hopefully encourage thoughtful
protocols that improve our clinical decision-making.

CONCLUSIONS

This is the first study to describe variability in lymph node
management across veterinary specialty practices that routinely
stage and treat canine oral tumors. Current practice is such
that the majority of specialists who stage and treat canine
oral tumors remove one or several cervical lymph node(s)
for histopathologic evaluation based on clinical suspicion
of metastases (i.e., pathology only performed in the N+
neck). For the cN0 neck, observation is more commonly
recommended than END, although select practitioners
recommend END for T2 and T3 canine OMM and OSCC,
as well as mucosal MCT, consistent with their known higher risk
of local metastases.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

AUTHOR CONTRIBUTIONS

MC, JL, and SG: study concept and design, contributed to
manuscript revision, and approved the submitted version. MC:
data acquisition and initial draft of manuscript. AR: statistical
analysis. All authors contributed to the article and approved the
submitted version.

ACKNOWLEDGMENTS

We would like to thank the University of Minnesota for
support of this project as well as our medical oncologists,
Dr. Amber Wolf Ringwall, who reviewed the survey prior
to dissemination.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fvets.
2020.00506/full#supplementary-material

REFERENCES

1. Culp WT, Ehrhart N, Withrow SJ, Rebhun RB, Boston S, Buracco P, et al.

Results of surgical excision and evaluation of factors associated with survival

time in dogs with lingual neoplasia: 97 cases (1995-2008). J AmVetMed Assoc.

(2013) 242:1392–7. doi: 10.2460/javma.242.10.1392

2. Fulton AJ, Nemec A, Murphy BG, Kass PH, Verstraete FJ. Risk factors

associated with survival in dogs with nontonsillar oral squamous cell

carcinoma 31 cases (1990-2010). J Am Vet Med Assoc. (2013) 243:696–

702. doi: 10.2460/javma.243.5.696

3. Grimes JA, Matz BM, Christopherson PW, Koehler JW, Cappelle KK, Hlusko

KC, et al. Agreement between cytology and histopathology for regional lymph

node metastasis in dogs with melanocytic neoplasms. Vet Pathol. (2017)

54:579–87. doi: 10.1177/0300985817698209

4. Hillman LA, Garrett LD, de Lorimier LP, Charney SC, Borst LB,

Fan TM. Biological behavior of oral and perioral mast cell tumors

in dogs: 44 cases (1996-2006). J Am Vet Med Assoc. (2010) 237:936–

42. doi: 10.2460/javma.237.8.936

5. Kawabe M, Mori T, Ito Y, Murakami M, Sakai H, Yanai T, et al.

Outcomes of dogs undergoing radiotherapy for treatment of oral malignant

melanoma: 111 cases (2006-2012). J Am Vet Med Assoc. (2015) 247:1146–

53. doi: 10.2460/javma.247.10.1146

6. Riggs J, Adams VJ, Hermer JV, Dobson JM, Murphy S, Ladlow JF.

Outcomes following surgical excision or surgical excision combined with

adjunctive, hypofractionated radiotherapy in dogs with oral squamous

cell carcinoma or fibrosarcoma. J Am Vet Med Assoc. (2018) 253:73–

83. doi: 10.2460/javma.253.1.73

7. 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) 245:1266–73. doi: 10.2460/javma.245.11.1266

8. Grimes JA, Mestrinho LA, Berg J, Cass S, Oblak ML, Murphy S, et al.

Histologic evaluation of mandibular andmedial retropharyngeal lymph nodes

Frontiers in Veterinary Science | www.frontiersin.org 10 August 2020 | Volume 7 | Article 506

https://www.frontiersin.org/articles/10.3389/fvets.2020.00506/full#supplementary-material
https://doi.org/10.2460/javma.242.10.1392
https://doi.org/10.2460/javma.243.5.696
https://doi.org/10.1177/0300985817698209
https://doi.org/10.2460/javma.237.8.936
https://doi.org/10.2460/javma.247.10.1146
https://doi.org/10.2460/javma.253.1.73
https://doi.org/10.2460/javma.245.11.1266
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Congiusta et al. Oral Tumor Lymph Node Staging

during staging of oral malignant melanoma and squamous cell carcinoma in

dogs. J Am Vet Med Assoc. (2019) 254:938–43. doi: 10.2460/javma.254.8.938

9. Herring ES, Smith MM, Robertson JL. Lymph node staging of oral and

maxillofacial neoplasms in 31 dogs and cats. J Vet Dent. (2002) 19:122–

6. doi: 10.1177/089875640201900301

10. Odenweller PH, Smith MM, Taney KG. Validation of regional lymph

node excisional biopsy for staging oral and maxillofacial malignant

neoplasms in 97 dogs and 10 cats (2006-2016). J Vet Dent. (2019) 36:97–

103. doi: 10.1177/0898756419869841

11. Skinner OT, Boston SE, Souza CHM. Patterns of lymph node metastasis

identified following bilateral mandibular and medial retropharyngeal

lymphadenectomy in 31 dogs with malignancies of the head. Vet Comp Oncol.

(2017) 15:881–9. doi: 10.1111/vco.12229

12. Langenbach A, McManus PM, Hendrick MJ, Shofer FS, Sorenmo KU.

Sensitivity and specificity of methods of assessing the regional lymph nodes

for evidence of metastasis in dogs and cats with solid tumors. J Am Vet Med

Assoc. (2001) 218:1424–8. doi: 10.2460/javma.2001.218.1424

13. Williams LE, Packer RA. Association between lymph node size and metastasis

in dogs with oral malignant melanoma: 100 cases (1987-2001). J Am Vet Med

Assoc. (2003) 222:1234–6. doi: 10.2460/javma.2003.222.1234

14. Hermanson J, de Lahunta A, Evans HF. The lymphatic system. In: Hermanson

J, de Lahunta A, Evans HE (eds).Miller and Evan’s Anatomy of the Dog. 5th ed.

St. Louis, MO: Elsevier (2020).

15. Skinner OT, Boston SE, Giglio RF, Whitley EM, Colee JC, Porter

EG. Diagnostic accuracy of contrast-enhanced computed tomography for

assessment of mandibular and medial retropharyngeal lymph node metastasis

in dogs with oral and nasal cancer. Vet Comp Oncol. (2018) 16:562–

70. doi: 10.1111/vco.12415

16. 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 malignant solid tumors in dogs. Vet Clin Pathol. (2018) 47:489–

500. doi: 10.1111/vcp.12636

17. Ku CK, Kass PH, Christopher MM. Cytologic-histologic concordance in the

diagnosis of neoplasia in canine and feline lymph nodes: a retrospective study

of 367 cases. Vet Comp Oncol. (2017) 15:1206–17. doi: 10.1111/vco.12256

18. Dabirmoghaddam P, Sharifkashany S, Mashali L. Ultrasound-guided fine

needle aspiration cytology in the assessment of cervical metastasis

in patients undergoing elective neck dissection. Iran J Radiol. (2014)

11:e7928. doi: 10.5812/iranjradiol.7928

19. Rottey S, Petrovic M, Bauters W, Mervillie K, Vanherreweghe E, Bonte K,

et al. Evaluation of metastatic lymph nodes in head and neck cancer: a

comparative study between palpation, ultrasonography, ultrasound-guided

fine needle aspiration cytology and computed tomography. Acta Clin Belg.

(2006) 61:236–41. doi: 10.1179/acb.2006.039

20. Stoeckli SJ, Haerle SK, Strobel K, Haile SR, Hany TF, Schuknecht B. Initial

staging of the neck in head and neck squamous cell carcinoma: a comparison

of ct, pet/ct, and ultrasound-guided fine-needle aspiration cytology. Head

Neck. (2012) 34:469–76. doi: 10.1002/hed.21764

21. D’Cruz AK, Vaish R, Kapre N, Dandekar M, Gupta S, Hawaldar R, et al.

Elective versus therapeutic neck dissection in node-negative oral cancer. N

Engl J Med. (2015) 373:521–9. doi: 10.1056/NEJMoa1506007

22. Kowalski LP,Medina JE. Nodalmetastases: predictive factors.Otolaryngol Clin

North Am. (1998) 31:621–37. doi: 10.1016/S0030-6665(05)70076-1

23. Cai H, Zhu Y,Wang C, Zhang Y, Hou J. Neck nodal recurrence and survival of

clinical t1-2 n0 oral squamous cell carcinoma in comparison of elective neck

dissection versus observation: a meta-analysis.Oral Surg OralMed Oral Pathol

Oral Radiol. (2019) 129:296–310. doi: 10.1016/j.oooo.2019.10.012

24. Liu JY, Chen CF, Bai CH. Elective neck dissection versus observation in

early-stage (ct1/t2n0) oral squamous cell carcinoma. Laryngoscope Investig

Otolaryngol. (2019) 4:554–61. doi: 10.1002/lio2.301

25. Pimenta Amaral TM, Da Silva Freire AR, Carvalho AL, Pinto CA, Kowalski

LP. Predictive factors of occult metastasis and prognosis of clinical stages I and

II squamous cell carcinoma of the tongue and floor of the mouth. Oral Oncol.

(2004) 40:780–6. doi: 10.1016/j.oraloncology.2003.10.009

26. Yuen AP, Ho CM, Chow TL, Tang LC, Cheung WY, Ng RW, et al.

Prospective randomized study of selective neck dissection versus observation

for n0 neck of early tongue carcinoma. Head Neck. (2009) 31:765–

72. doi: 10.1002/hed.21033

27. Abu-Ghanem S, Yehuda M, Carmel NN, Leshno M, Abergel A,

Gutfeld O, et al. Elective neck dissection vs observation in early-

stage squamous cell carcinoma of the oral tongue with no clinically

apparent lymph node metastasis in the neck: a systematic review

and meta-analysis. JAMA Otolaryngol Head Neck Surg. (2016)

142:857–65. doi: 10.1001/jamaoto.2016.1281

28. Lee S, Kim HJ, Cha IH, Nam W. Prognostic value of lymph node count from

selective neck dissection in oral squamous cell carcinoma. Int J OralMaxillofac

Surg. (2018) 47:953–8. doi: 10.1016/j.ijom.2018.03.007

29. Sheahan P, O’Keane C, Sheahan JN, O’Dwyer TP. Effect of tumour thickness

and other factors on the risk of regional disease and treatment of the n0

neck in early oral squamous carcinoma. Clin Otolaryngol Allied Sci. (2003)

28:461–71. doi: 10.1046/j.1365-2273.2003.00748.x

30. Shin YS, Koh YW, Kim SH, Choi EC. Selective neck dissection for clinically

node-positive oral cavity squamous cell carcinoma. Yonsei Med J. (2013)

54:139–44. doi: 10.3349/ymj.2013.54.1.139

31. Feng Z, Li JN, Li CZ, Guo CB. Elective neck dissection versus observation

in the management of early tongue carcinoma with clinically node-negative

neck: a retrospective study of 229 cases. J Craniomaxillofac Surg. (2014)

42:806–10. doi: 10.1016/j.jcms.2013.11.016

32. Hutchison IL, Ridout F, Cheung SMY, Shah N, Hardee P, Surwald C, et al.

Nationwide randomised trial evaluating elective neck dissection for early stage

oral cancer (send study) with meta-analysis and concurrent real-world cohort.

Br J Cancer. (2019) 121:827–36. doi: 10.1038/s41416-019-0587-2

33. Orabona GD, Bonavolonta P, Maglitto F, Friscia M, Iaconetta G, Califano L.

Neck dissection versus “watchful-waiting” in early squamous cell carcinoma

of the tongue our experience on 127 cases. Surg Oncol. (2016) 25:401–

4. doi: 10.1016/j.suronc.2016.09.005

34. Ren ZH, Xu JL, Li B, Fan TF, Ji T, Zhang CP. Elective versus

therapeutic neck dissection in node-negative oral cancer: evidence

from five randomized controlled trials. Oral Oncol. (2015)

51:976–81. doi: 10.1016/j.oraloncology.2015.08.009

35. Xu C, Yuan J, Kang L, Zhang X, Wang L, Chen X, et al. Significance of depth

of invasion determined by mri in ct1n0 tongue squamous cell carcinoma. Sci

Rep. (2020) 10:4695. doi: 10.1038/s41598-020-61474-5

36. Koyfman SA, Ismaila N, Crook D, D’Cruz A, Rodriguez CP, Sher DJ, et al.

Management of the neck in squamous cell carcinoma of the oral cavity and

oropharynx: ASCO clinical practice guideline. J Clin Oncol. (2019) 37:1753–

74. doi: 10.1200/JCO.18.01921

37. Bradley PJ, Ferlito A, Silver CE, Takes RP, Woolgar JA, Strojan P, et al.

Neck treatment and shoulder morbidity: still a challenge. Head Neck. (2011)

33:1060–7. doi: 10.1002/hed.21495

38. El Ghani F, Van Den Brekel MW, De Goede CJ, Kuik J, Leemans

CR, Smeele LE. Shoulder function and patient well-being after various

types of neck dissections. Clin Otolaryngol Allied Sci. (2002) 27:403–

8. doi: 10.1046/j.1365-2273.2002.00604.x

39. Chaturvedi P, Datta S, Arya S, Rangarajan V, Kane SV, Nair D, et al. Prospective

study of ultrasound-guided fine-needle aspiration cytology and sentinel node

biopsy in the staging of clinically negative t1 and t2 oral cancer. Head Neck.

(2015) 37:1504–8. doi: 10.1002/hed.23787

40. Den Toom IJ, Heuveling DA, Flach GB, van Weert S, Karagozoglu KH,

van Schie A, et al. Sentinel node biopsy for early-stage oral cavity cancer:

the vu university medical center experience. Head Neck. (2015) 37:573–

8. doi: 10.1002/hed.23632

41. Schilling C, Stoeckli SJ, Haerle SK, Broglie MA, Huber GF, Sorensen JA, et al.

Sentinel European node trial (sent):3-year results of sentinel node biopsy in

oral cancer. Eur J Cancer. (2015) 51:2777–84. doi: 10.1016/j.ejca.2015.08.023

42. Cramer JD, Sridharan S, Ferris RL, Duvvuri U, Samant S. Sentinel lymph

node biopsy versus elective neck dissection for stage I to II oral cavity cancer.

Laryngoscope. (2019) 129:162–9. doi: 10.1002/lary.27323

43. Hernando J, Villarreal P, Alvarez-Marcos F, Garcia-Consuegra L, Gallego L,

Junquera L. Sentinel node biopsy versus elective neck dissection. Which is

more cost-effective? A prospective observational study. J Craniomaxillofac

Surg. (2016) 44:550–6. doi: 10.1016/j.jcms.2016.01.017

44. Green K, Boston SE. Bilateral removal of the mandibular and medial

retropharyngeal lymph nodes through a single ventral midline incision for

staging of head and neck cancers in dogs: a description of surgical technique.

Vet Comp Oncol. (2017) 15:208–14. doi: 10.1111/vco.12154

Frontiers in Veterinary Science | www.frontiersin.org 11 August 2020 | Volume 7 | Article 506

https://doi.org/10.2460/javma.254.8.938
https://doi.org/10.1177/089875640201900301
https://doi.org/10.1177/0898756419869841
https://doi.org/10.1111/vco.12229
https://doi.org/10.2460/javma.2001.218.1424
https://doi.org/10.2460/javma.2003.222.1234
https://doi.org/10.1111/vco.12415
https://doi.org/10.1111/vcp.12636
https://doi.org/10.1111/vco.12256
https://doi.org/10.5812/iranjradiol.7928
https://doi.org/10.1179/acb.2006.039
https://doi.org/10.1002/hed.21764
https://doi.org/10.1056/NEJMoa1506007
https://doi.org/10.1016/S0030-6665(05)70076-1
https://doi.org/10.1016/j.oooo.2019.10.012
https://doi.org/10.1002/lio2.301
https://doi.org/10.1016/j.oraloncology.2003.10.009
https://doi.org/10.1002/hed.21033~
https://doi.org/10.1001/jamaoto.2016.1281
https://doi.org/10.1016/j.ijom.2018.03.007
https://doi.org/10.1046/j.1365-2273.2003.00748.x
https://doi.org/10.3349/ymj.2013.54.1.139
https://doi.org/10.1016/j.jcms.2013.11.016
https://doi.org/10.1038/s41416-019-0587-2
https://doi.org/10.1016/j.suronc.2016.09.005
https://doi.org/10.1016/j.oraloncology.2015.08.009
https://doi.org/10.1038/s41598-020-61474-5
https://doi.org/10.1200/JCO.18.01921
https://doi.org/10.1002/hed.21495
https://doi.org/10.1046/j.1365-2273.2002.00604.x
https://doi.org/10.1002/hed.23787
https://doi.org/10.1002/hed.23632
https://doi.org/10.1016/j.ejca.2015.08.023
https://doi.org/10.1002/lary.27323
https://doi.org/10.1016/j.jcms.2016.01.017
https://doi.org/10.1111/vco.12154
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Congiusta et al. Oral Tumor Lymph Node Staging

45. Smith MM. Surgical approach for lymph node staging of

oral and maxillofacial neoplasms in dogs. J Vet Dent. (2002)

19:170–4. doi: 10.5326/15473317-31-6-514

46. Wainberg SH, Oblak ML, Giuffrida MA. Ventral cervical versus bilateral

lateral approach for extirpation of mandibular and medial retropharyngeal

lymph nodes in dogs. Vet Surg. (2018) 47:629–33. doi: 10.1111/vsu.12920

47. LN O. Tnm Classification of Tumors in Domestic Animals. Geneva:

WHO (1980).

48. Kiupel M, Webster JD, Bailey KL, Best S, DeLay J, Detrisac CJ, et al. Proposal

of a 2-tier histologic grading system for canine cutaneous mast cell tumors

to more accurately predict biological behavior. Vet Pathol. (2011) 48:147–

55. doi: 10.1177/0300985810386469

49. Bonfanti U, Bertazzolo W, Gracis M, Roccabianca P, Romanelli G, Palermo

G, et al. Diagnostic value of cytological analysis of tumours and tumour-like

lesions of the oral cavity in dogs and cats: a prospective study on 114 cases.Vet

J. (2015) 205:322–7. doi: 10.1016/j.tvjl.2014.10.022

50. Frazier SA, Johns SM, Ortega J, Zwingenberger AL, Kent MS, Hammond GM,

et al. Outcome in dogs with surgically resected oral fibrosarcoma (1997-2008).

Vet Comp Oncol. (2012) 10:33–43. doi: 10.1111/j.1476-5829.2011.00272.x

51. 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) 13:40–7. doi: 10.1111/vco.12017

52. Boston SE, Lu X, Culp WT, Montinaro V, Romanelli G, Dudley RM, et al.

Efficacy of systemic adjuvant therapies administered to dogs after excision of

oral malignantmelanomas: 151 cases (2001-2012). J AmVetMed Assoc. (2014)

245:401–7. doi: 10.2460/javma.245.4.401

53. Dank G, Rassnick KM, Sokolovsky Y, Garrett LD, Post GS, Kitchell BE,

et al. Use of adjuvant carboplatin for treatment of dogs with oral malignant

melanoma following surgical excision. Vet Comp Oncol. (2014) 12:78–

84. doi: 10.1111/j.1476-5829.2012.00338.x

54. Mendez SE, Drobatz KJ, Duda LE,White P, Kubicek L, Sorenmo KU. Treating

the locoregional lymph nodes with radiation and/or surgery significantly

improves outcome in dogs with high-grade mast cell tumours. Vet Comp

Oncol. (2019) 18:239–46. doi: 10.1111/vco.12541

55. Pecceu E, Serra Varela JC, Handel I, Piccinelli C, Milne E, Lawrence

J. Ultrasound is a poor predictor of early or overt liver or spleen

metastasis in dogs with high-risk mast cell tumours. Vet Comp Oncol.

(2019). doi: 10.1111/vco.12563. [Epub ahead of print].

56. Poirier VJ, Adams WM, Forrest LJ, Green EM, Dubielzig RR, Vail DM.

Radiation therapy for incompletely excised grade ii canine mast cell tumors. J

Am Anim Hosp Assoc. (2006) 42:430–4. doi: 10.5326/0420430

57. Gutzmer R, Al Ghazal M, Geerlings H, Kapp A. Sentinel node biopsy in

melanoma delays recurrence but does not change melanoma-related survival:

a retrospective analysis of 673 patients. Br J Dermatol. (2005) 153:1137–

41. doi: 10.1111/j.1365-2133.2005.06941.x

58. Medalie N, Ackerman AB. Sentinel node biopsy has no benefit for patients

whose primary cutaneous melanoma has metastasized to a lymph node

and therefore should be abandoned now. Br J Dermatol. (2004) 151:298–

307. doi: 10.1111/j.1365-2133.2004.06132.x

59. Theon AP, Rodriguez C, Madewell BR. Analysis of prognostic factors

and patterns of failure in dogs with malignant oral tumors treated with

megavoltage irradiation. J Am Vet Med Assoc. (1997) 210:778–84.

60. Todoroff RJ, Brodey RS. Oral and pharyngeal neoplasia in the dog: a

retrospective survey of 361 cases. J Am Vet Med Assoc. (1979) 175:567–71.

61. de Vos JP, Burm AG, Focker AP, Boschloo H, Karsijns M, van der Waal I.

Piroxicam and carboplatin as a combination treatment of canine oral non-

tonsillar squamous cell carcinoma: a pilot study and a literature review of a

canine model of human head and neck squamous cell carcinoma. Vet Comp

Oncol. (2005) 3:16–24. doi: 10.1111/j.1476-5810.2005.00065.x

62. Elliott JW, Cripps P, Blackwood L, Berlato D, Murphy S, Grant IA.

Canine oral mucosal mast cell tumours. Vet Comp Oncol. (2016) 14:101–

11. doi: 10.1111/vco.12071

63. 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) 58:146–53. doi: 10.1111/jsap.12624

64. Chen X, Qiao Q, DeVries A, Li W, Currey A, Kelly T, et al. Adaptive

replanning to account for lumpectomy cavity change in sequential boost

after whole-breast irradiation. Int J Radiat Oncol Biol Phys. (2014) 90:1208–

15. doi: 10.1016/j.ijrobp.2014.08.342

65. Ebner F, Friedl TWP, de Gregorio A, Lato K, Bekes I, Janni W, et al. Seroma

in breast surgery: all the surgeons fault? Arch Gynecol Obstet. (2018) 298:951–

9. doi: 10.1007/s00404-018-4880-8

66. Jeon SH, Shin KH, Park SY, Kim JI, Park JM, Kim JH, et al.

Seroma change during magnetic resonance imaging-guided partial

breast irradiation and its clinical implications. Radiat Oncol. (2017)

12:103. doi: 10.1186/s13014-017-0843-7

67. Kurokawa H, Yamashita Y, Takeda S, Zhang M, Fukuyama H, Takahashi T.

Risk factors for late cervical lymph node metastases in patients with stage i

or ii carcinoma of the tongue. Head Neck. (2002) 24:731–6. doi: 10.1002/hed.

10130

68. Liptak JM, Boston SE. Nonselective lymph node dissection and sentinel lymph

node mapping and biopsy. Vet Clin North Am Small Anim Pract. (2019)

49:793–807. doi: 10.1016/j.cvsm.2019.04.003

69. Grimes JA, Secrest SA, Northrup NC, Saba CF, Schmiedt CW. Indirect

computed tomography lymphangiography with aqueous contrast for

evaluation of sentinel lymph nodes in dogs with tumors of the head.Vet Radiol

Ultrasound. (2017) 58:559–64. doi: 10.1111/vru.12514

70. Lurie DM, Seguin B, Schneider PD, Verstraete FJ, Wisner ER. Contrast-

assisted ultrasound for sentinel lymph node detection in spontaneously

arising canine head and neck tumors. Invest Radiol. (2006) 41:415–

21. doi: 10.1097/01.rli.0000201230.29925.95

71. Sundaram PS, Subramanyam P. Effectiveness of sentinel lymph node

scintigraphy and intraoperative gamma probing with gold standard

elective neck dissection in patients with n0 oral squamous cell cancers.

Nucl Med Commun. (2019) 40:1138–47. doi: 10.1097/MNM.00000000000

01090

72. Dhawan I, Sandhu SV, Bhandari R, Sood N, Bhullar RK, Sethi N. Detection

of cervical lymph node micrometastasis and isolated tumor cells in oral

squamous cell carcinoma using immunohistochemistry and serial sectioning.

J Oral Maxillofac Pathol. (2016) 20:436–44. doi: 10.4103/0973-029X.

190946

73. Sharma AK, Mishra P, Gupta S. Immunohistochemistry, a valuable tool in

detection of cervical lymph nodemicrometastases in head and neck squamous

cell carcinoma: a prospective study. Indian J Otolaryngol Head Neck Surg.

(2013) 65(Suppl 1):89–94. doi: 10.1007/s12070-012-0551-4

74. Stoeckli SJ, Pfaltz M, Steinert H, Schmid S. Histopathological features of

occult metastasis detected by sentinel lymph node biopsy in oral and

oropharyngeal squamous cell carcinoma. Laryngoscope. (2002) 112:111–

5. doi: 10.1097/00005537-200201000-00019

75. van Diest PJ, Peterse HL, Borgstein PJ, Hoekstra O, Meijer CJ. Pathological

investigation of sentinel lymph nodes. Eur J Nucl Med. (1999) 26(Suppl.

4):S43–9. doi: 10.1007/s002590050577

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Congiusta, Lawrence, Rendahl and Goldschmidt. This is an open-

access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Veterinary Science | www.frontiersin.org 12 August 2020 | Volume 7 | Article 506

https://doi.org/10.5326/15473317-31-6-514
https://doi.org/10.1111/vsu.12920
https://doi.org/10.1177/0300985810386469
https://doi.org/10.1016/j.tvjl.2014.10.022
https://doi.org/10.1111/j.1476-5829.2011.00272.x
https://doi.org/10.1111/vco.12017
https://doi.org/10.2460/javma.245.4.401
https://doi.org/10.1111/j.1476-5829.2012.00338.x
https://doi.org/10.1111/vco.12541
https://doi.org/10.1111/vco.12563
https://doi.org/10.5326/0420430
https://doi.org/10.1111/j.1365-2133.2005.06941.x
https://doi.org/10.1111/j.1365-2133.2004.06132.x
https://doi.org/10.1111/j.1476-5810.2005.00065.x
https://doi.org/10.1111/vco.12071
https://doi.org/10.1111/jsap.12624
https://doi.org/10.1016/j.ijrobp.2014.08.342
https://doi.org/10.1007/s00404-018-4880-8
https://doi.org/10.1186/s13014-017-0843-7
https://doi.org/10.1002/hed.10130
https://doi.org/10.1016/j.cvsm.2019.04.003
https://doi.org/10.1111/vru.12514
https://doi.org/10.1097/01.rli.0000201230.29925.95
https://doi.org/10.1097/MNM.0000000000001090
https://doi.org/10.4103/0973-029X.190946
https://doi.org/10.1007/s12070-012-0551-4
https://doi.org/10.1097/00005537-200201000-00019
https://doi.org/10.1007/s002590050577
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Variability in Recommendations for Cervical Lymph Node Pathology for Staging of Canine Oral Neoplasia: A Survey Study
	Introduction
	Materials and Methods
	Survey Questions
	Statistical Analysis

	Results
	Lymph Node Recommendations for Common Oral Tumors
	Lymph Node Recommendations for Less Common Oral Tumor Types
	Osteosarcoma and Chondrosarcoma
	Oral/Labial Mast Cell Tumor (MCT)

	Use of SLN Mapping
	Complications With Elective Lymphadenectomy
	Recommendation Differences Based on Practice Type or Specialty

	Discussion
	Conclusions
	Data Availability Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References




