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KEY POINTS

� The majority of canine cutaneous mast cell tumors (MCTs) can be diagnosed with fine-
needle aspirates, but differentiating cutaneous from subcutaneous MCTs requires a
biopsy.

� Cytologic grading helps with initial clinical decisions, whereas histologic grading using the
2-tier system provides the best approach for identifying high-grade MCTs.

� Combining histologic grading with analysis of argyrophilic nucleolus organizer regions
(AgNORs), Ki67, KIT expression, and detection of mutations in exons 8 and 11 provides
the most detailed prognostic assessment.

� Cross-sectioning (half and radial sections) combined with tangential sectioning of tumor
margins is the preferred method to determine surgical excision of canine MCTs.

� Low-grade MCTs with a low AgNORxKi67 index have a low risk of local recurrence
regardless of the cleanliness of the surgical margins.
INTRODUCTION

Canine cutaneous mast cell tumors (MCTs) account for approximately 20% of all
canine skin tumors.1 They develop most commonly as solitary nodules in the skin or
less commonly in the subcutis, and their gross appearance may range from hairless,
raised, erythematous masses to nodular rashes or diffuse swellings. There is no
known age or gender predisposition, although several canine breeds have a high
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incidence of developing MCTs.1 Although the diagnosis rarely represents a diagnostic
challenge, except for some poorly differentiated cases, MCTs can have highly variable
biologic behavior, and most efforts of the pathologists are focused on accurately iden-
tifying more aggressive cases.2
DIAGNOSIS

Most neoplastic mast cells in the dog resemble their non-neoplastic counterparts,
and both cutaneous and subcutaneous MCTs are identified most readily by fine-
needle aspirates. Cytologically, MCTs are characterized by a predominance of indi-
vidualized, monomorphic round cells, with a central to slightly eccentric round nu-
cleus and typically large numbers of magenta granules. These granules are often
termed, metachromatic, because they exhibit tinctorial properties different from
those exhibited by the stain components themselves. When using aqueous-based
manual quick stains, for example, Diff-Quik (Siemens Healthcare, Malvern, PA,
USA), occasionally mast cell granules demonstrate only minimal stain uptake, mak-
ing a diagnosis of an MCT challenging (Fig. 1A). The poor stain uptake most likely is
the result of dissolution of the granule contents in water due to inadequate fixation.
This can be avoided by either leaving the stain in the fixative component (blue) for at
least 5 minutes prior to staining or using a methanol-based differentiating stain, for
example, Wright (see Fig. 1B).1 It is important to recognize, however, that mast cells
may lack typical staining characteristics not associated with artifacts. In poorly differ-
entiated MCTs, neoplastic mast cells may be highly anaplastic, resulting in altered
staining characteristics, including an absence of granules in both the cytoplasm of
neoplastic cells and in the background (Fig. 2A). Alternatively, neoplastic mast cells
may degranulate, whether associated with trauma or the tumor microenvironment,
resulting in the absence of heavily stained granules within the cytoplasm and an
abundance of detectable granules in the background (see Fig. 2B). Such MCTs
may represent a diagnostic challenge in surgical biopsy specimens, including ancil-
lary diagnostic techniques, such as special stains and immunohistochemistry (IHC).
Use of these techniques may fail to differentiate these MCTs accurately from other
poorly differentiated round cell neoplasms. For such poorly differentiated MCTs,
cytology is the preferred method of accurate diagnosis, because some granules usu-
ally can be identified cytologically.
Mast cell granules contain interleukin 5, a cytokine that induces eosinophil migra-

tion.1 Therefore, in most canine MCTs, the neoplastic mast cells are admixed with
large numbers of eosinophils. In addition to eosinophils, MCTs often contain abun-
dant fibroblasts (Fig. 3A). Tryptase-containing mast cells have been demonstrated
to both express and secrete growth factors in the fibroblast growth factor family
that stimulate neovascularization and fibroblast proliferation. Therefore, the presence
of these plump mesenchymal cells can complicate the cytologic interpretation of
such MCTs, because they may be misdiagnosed as mesenchymal neoplasms with
secondary mast cell infiltration. Another feature commonly associated with MCTs
is the presence of collagen, which appears as brightly eosinophilic bands coursing
among neoplastic cells (see Fig. 3B). The presence of collagen is attributed to the
induction of collagen synthesis by tryptase-containing and chymase-containing
mast cells.1

A surgical biopsy is necessary to differentiate between cutaneous and subcutane-
ous MCTs. Cutaneous MCTs can be localized anywhere in the dermis and commonly
extend to the epidermis, causing severe ulceration. They also may extend into the
subcutis. Only those MCTs that are localized entirely within the subcutis and are



Fig. 1. Aspirate of a canine cutaneous MCT. (A) Water-based rapid hematology stain may
fail to highlight mast cell granules. (B) Methanol-based Romanowsky stain (modified
Wright) allows easy recognition of mast cell granules.

Fig. 2. Aspirate of canine cutaneous MCT. Modified Wright stain. (A) Virtual absence of
granules in both cytoplasm of neoplastic cells and background in a poorly differentiated
MCT. (B) Degranulated mast cells with vacuoles within the cytoplasm that indicate the initial
granule location. Note the large number of magenta-colored granules in the background.

Fig. 3. Aspirate of a canine cutaneous MCT. Modified Wright stain. (A) Plump fibroblasts (ar-
rows) often are noted in MCTs. (B) Abundant brightly eosinophilic, fibrillar collagen strands
surrounded by neoplastic mast cells.
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surrounded by adipose tissue are identified as subcutaneous MCTs.3 Although the dif-
ferentiation into cutaneous or subcutaneous MCTs is of little diagnostic relevance, it
bears some important aspects for prognostication, as discussed later.2 Regardless,
in surgical biopsies the neoplastic mast cells appear microscopically similar to what
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has been described previously for aspirates. In hematoxylin-eosin (H&E)-stained sec-
tions, neoplastic mast cells have moderate amounts of pale pink cytoplasm that usu-
ally contains abundant light gray/blue granules. These granules are purple with
metachromatic stains, for example, toluidine blue.1 Neoplastic mast cells can be
packed into dense sheets or appear individualized, commonly forming rows that infil-
trate between collagen bundles (Fig. 4A). Most MCTs contain large numbers of eosin-
ophils and occasionally neoplastic cells may be masked by the dense eosinophilic
infiltrates (see Fig. 4B).1 Eosinophils also play a role in collagenolysis. Secondary
inflammation is common and often associated with severe ulceration and necrosis;
these changes may make an accurate diagnosis and the evaluation of surgical mar-
gins difficult. In cases of chronic inflammation, sclerosis may be a prominent feature.
Commonly, MCTs are surrounded by a clear halo composed of edema admixed with
inflammatory cells, reactive stromal cells, and mast cells.2 This halo may have a thick-
ness of multiple centimeters and can have a negative impact on the ability to identify
the margins of the MCT when attempting surgical excision.
PROGNOSIS
Grading

Histologic
Historically, histologic grading has been the method used most commonly to
predict the biological behavior of canine cutaneous MCTs. In the past, 2 systems
classifying MCTs into 1 of 3 histologic grades, well-differentiated tumors, interme-
diately differentiated tumors, and poorly differentiated tumors, have been used
routinely for surgical biopsies.4,5 Although the grading system by Patnaik and col-
leagues5 has been referenced most widely by pathologists when providing a histo-
logic grade, there has been a high degree of inconsistency among pathologists in
accurately applying the criteria of this grading system, and the reproducibility of
assigned grades has been poor among pathologists.6–8 In different studies, there
was marked interobserver variation that reached 63% when pathologists adhered
strictly to the grading criteria established by Patnaik and colleagues6,7 There
was only 50% agreement among pathologists grading MCTs in a routine setting.8

Even more concerning was the large number of cases assigned an intermediate
grade (72%) that provides little guidance regarding the biological behavior of
the tumor.6,7 Furthermore, 1 parameter that represents a major deciding
factor for assigning an intermediate grade instead of a low grade to an MCT is



Fig. 4. Low-grade canine cutaneous MCT. H&E stain. (A) Well-differentiated, round, mono-
morphic neoplastic mast cells commonly are arranged in rows that separate collagen bun-
dles and are surrounded by edematous stroma. (B) Large numbers of eosinophils
commonly are observed and may aggregate around foci of collagenolysis.

Fig. 5. Features to classify a high-grade canine cutaneous MCT. H&E stain. (A) An MC of at
least 7 mitotic figures in 10 HPFs, an area of 2.37 mm2). There are 5 mitoses (arrows) in a
single field of vision. (B) Marked variation in nuclear size with at least 10% of neoplastic
cells having a nuclear diameter that varies by 2-fold. There are numerous neoplastic cells
with karyomegaly. (C) At least 3 bizarre nuclei per 10 HPFs. In the center is a neoplastic
mast cell with a giant, abnormally shaped nucleus. (D) At least 3 multinucleated giant cells
with 3 or more nuclei in 10 HPFs. There are numerous multinucleated neoplastic mast cells.
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the depth of the MCT within the dermis. A study investigating tumor depth
of canine cutaneous MCTs as an independent parameter found no prognostic sig-
nificance of this parameter, further challenging the accuracy of the 3-tier grading
system.9 Including the location of the MCT within the dermis as a deciding factor
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in the histologic grading system also prevented utilization of this grading system
for aspirates. Lastly, all 3-tier grading systems determined the grade of a
canine cutaneous MCT in order to predict survival times rather than biological
behavior.
A 2-tier histologic grading system was established not only to increase interob-

server consistency but also, more importantly, to identify more accurately those
MCTs that have a high risk of aggressive biological behavior, for example, metasta-
tic disease.6 In the initial study, the 2-tier grading system was applied first to 95
dogs with cutaneous MCT and was shown statistically significant in predicting sur-
vival time. High-grade MCTs were significantly associated with shorter time to
metastasis or new tumor development.6 Using multivariate analysis with Cox pro-
portional hazard models for the Patnaik grading system and the 2-tier system fitted
in different orders, the Patnaik grading system provided no statistically significant
information over of the 2-tier system, whereas the 2-tier system proved a better
statistical predictor of survival than the Patnaik system.6 Several independent
studies confirmed the high interobserver consistency as well as the prognostic sig-
nificance of the 2-tier system.10–13 Furthermore, these studies consistently docu-
mented that the 2-tier system was superior to the Patnaik system in predicting
MCT-associated mortality and metastasis. The 2-tier system, thereby, also is supe-
rior in identifying those dogs that require additional therapy beyond surgical exci-
sion. Currently, the 2-tier grading system has been applied only in large-scale
studies to cutaneous, but not subcutaneous MCTs, partly due to the low incidence
of aggressive subcutaneous MCTs. Individual parameters, however, for example,
mitotic count (MC), KIT pattern, and the combined AgNORxKi67 index, have
been shown to predict behavior of subcutaneous MCTs in a similar manner as of
cutaneous MCTs.3,14

The 2-tier system divides canine cutaneous MCTs into low-grade and high-grade
MCTs. Dogs with low-grade MCTs had a median survival time of more than 2 years,
whereas dogs with high-grade MCTs had a median survival time of less than
4 months.6 High-grade MCTs are identified by observing any 1 of the following criteria
(Fig. 5): at least 7 mitotic figures in 10 high-power fields (HPFs); (2) at least 3 multinu-
cleated (3 or more nuclei) cells in 10 HPFs; (3) at least 3 bizarre nuclei in 10 HPFs; and
(4) karyomegaly (nuclear diameters of at least 10% of neoplastic cells vary by at least 2
times). Fields with the highest mitotic activity or with the highest degree of anisokar-
yosis were selected to assess the different parameters. HPFs are being measured
with an ocular with a field number of 22 and a 40-times objective, resulting in an
area of 2.37 mm2 assessed.1,2

Cytologic
Another advantage of the 2-tier grading system is that all the criteria utilized in the
histologic grading of MCTs can be appreciated on cytologic specimens. There
have been attempts at creating a standardized cytologic grading scheme for
canine cutaneous MCTs, although none pervades the veterinary pathology com-
munity. Some have attempted to apply the histologic criteria for the 2-tier system
directly to cytologic specimens, whereas others have utilized the histologic criteria
to develop a predictive algorithm for cytologic grading of cutaneous MCTs in dogs
based on outcome assessment.15–17 Uniformly the cytologic grading schemes
correlate reasonably well with histologic grading. However, even those 2 studies
which directly applied histologic criteria to cytologic specimens, varied in the
way in which they were conducted, the number of fields evaluated, and the type
of stains utilized, making the studies difficult to compare and the criteria
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challenging to utilize on cytologic specimens. The first of these 2 studies applied
the histologic grading system to a relatively small series of cases and assessed
the criteria in 1000 cells on slides stained with May-Grünwald-Giemsa.17 The
sensitivity of this study was 84% and the specificity was 97%, with an agreement
of 94% to the histologic grading system. The second study applied the histologic
grading system to 141 cases by evaluating 10 HPFs on both H&E-stained and
Giemsa-stained specimens.16 The reported sensitivity and specificity were 86%
and 97%, respectively, with an agreement of 94% to the histologic grading
system.16 Although these numbers are promising, in a 2-tier decision with high-
grade MCTs, accounting for 30% or less of the cases, the overall percentages
of agreement tend to be high. It is more important, however, to determine
how many high-grade MCTs were identified correctly. The second study graded
5 (12%) of 41 histologically high-grade MCTs as low-grade MCTs on cytology
and reviewed the limitations of cytologic grading when using the 2-tier system.
Even highly cellular cytologic samples contain significantly lower number of
neoplastic mast cells per HPF than histologic sections. This disparity is due in
part to the way that tissues are collected and processed for histology, allowing
entire tissues to be kept intact and, more importantly, because the terminology
varies between the 2 modalities, because an HPF in cytology is based on a
100-times objective rather than a 40-times objective in histology. Therefore, the
established histologic criteria would have to be validated for future use of the
2-tier system in cytologic preparations. When comparing the individual criteria
for malignancy in histologically high-grade MCTs, in cytologic samples, karyome-
galy, multinucleated cells, and bizarre nuclei were present in only 82.9%, 47.3%,
and 31.6% of cytologically classified high-grade MCTs, respectively.16 Mitotic fig-
ures were identified in approximately 50% of the high-grade MCTs, but the concor-
dance between histology and cytology was poor, with far fewer mitotic figures
seen in aspirates than in histologic sections.16 Furthermore, this study required
that cytology slides were first destained and then restained with H&E to properly
assess nuclear morphology, which is easily obscured by strongly staining granules
in Romanowsky-type stains. H&E staining is not used commonly in cytology
because it requires incubation of slides in alcohol or fixation in acetone for 24 hours
prior to H&E staining, thereby eliminating the fast turnaround advantage of cyto-
logic preparations.
The third study established cytologic grading criteria based on cytologic findings

that correlated with the histologic grade and could easily be assessed with modi-
fied Wright stain.15 MCTs were classified as high grade if they were poorly granu-
lated or had at least 2 of 4 findings: mitotic figures, binucleated or multinucleated
cells, nuclear pleomorphism, and greater than 50% anisokaryosis.15 This cytologic
grading scheme had a sensitivity of 88% and a specificity of 94% relative to histo-
logic grading. It tended to overestimate high-grade MCTs, however. Two (11%) of
17 histologic high-grade MCTs were graded as low-grade MCTs on cytology, but 7
(5%) of 135 histologically low-grade MCTs were graded as high-grade MCTs,
thereby representing 32% false-positive high-grade MCTs in this study.15 Although
the consequences of a false-positive result for a high-grade tumor could include
more aggressive surgery or staging than necessary or, worst case scenario, eutha-
nasia, cytology typically is considered a screening test. Although it may be argued
that over-diagnosing high-grade MCTs will ensure that more aggressive staging
and potentially more aggressive treatment are not overlooked, it is essential to
use caution when basing therapeutic decisions on a single cytologic grading
system.15
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In summary, based on current data, the cytologic feature reported most
predictive of the biological behavior is granularity, with poorly granular MCTs
exhibiting a greater tendency to metastasize than well granulated mast cell
neoplasms (Fig. 6).15 Caution must be used when using aqueous quick stains to
ensure that the microscopic absence of granules is reflective of the aspirated
cells and not a result of staining artifact. Additionally, manipulation of the mass
should be avoided prior to aspiration to minimize degranulation effects,
which can compound interpretation. Importantly, the assumption that highly gran-
ular MCTs are benign should be avoided, because highly granular tumors may
exhibit other criteria correlated with aggressive biological behavior (Fig. 7),
including the presence of mitotic figures, anisokaryosis, binucleation, multinuclea-
tion, and bizarre (nonround) nuclei.15,18 These features are less predictive of
metastatic potential than granularity and should be used together, with the
presence of at least 2 of these criteria suggesting aggressive biological behavior.15

Because cytologic specimens vary in cellularity, quantitative criteria for mitotic
figures and other atypical morphologic features should not be used with
these specimens. This is a substantial variation that limits direct application of
the 2-tier histologic grading system to cytologic specimens, because the 2-tier
scheme utilizes the number of criteria per HPF to determine a histologic
grade. In heavily granulated specimens where nuclear details are obscured, the
use of H&E rather than Romanowsky stains may decrease granular staining and
accentuate nuclear and cytoplasmic features (Fig. 8). The fact that H&E staining,
which is routinely used for histologic sections, minimally stains granules may ac-
count for the fact that granularity is not a key component of histologic grading
schemes.

Molecular Markers

KIT expression and c-Kit mutations
The tyrosine kinase receptor KIT plays a central role in the survival, proliferation, dif-
ferentiation, and migration of mast cells. Aberrant expression of KIT protein as
detected with IHC has been shown a negative prognostic indicator for canine cuta-
neous MCTs.19 Three different KIT expression patterns have been described. Peri-
membranous labeling (pattern I) is found in non-neoplastic mast cells as well as in
well differentiated MCTs (Fig. 9A) and has not been associated with aggressive
biological behavior.19 Loss of perimembranous labeling along with focal or stippled
cytoplasmic labeling is characteristic of pattern II (see Fig. 9B), and diffuse cyto-
plasmic labeling in at least 10% of neoplastic cells is consistent with pattern III
(see Fig. 9C). Both patterns II and III have been associated with a decreased overall
survival time and an increased incidence of local recurrence. In addition to the
IHC pattern, activating mutations in exons 11, 8, and 9 of c-Kit have been commonly
reported in canine cutaneous MCTs.20,21 Activating duplication mutations in exon
11 occur in approximately 20% of canine cutaneous MCTs and occur much
more commonly in high-grade MCTs.21,22 They have been associated with a
high risk of local recurrence and metastases as well as decreased survival and
disease-free times.21,22 Mutations in exon 8 and 9 occur in less than 5% of canine
cutaneous MCTs and mutations in exon 8 have not been associated with a poor
prognosis.23

Proliferation markers
Uncontrolled cellular proliferation is considered a hallmark of cancer. Several
studies have evaluated cellular proliferation in canine MCTs and have shown



Fig. 6. Variation of granularity in cytologic samples of canine cutaneous MCTs. Modified
Wright stain. (A) Heavily granulated mast cells with nuclei almost completely obscured by
granules. (B) Mixed granularity mast cells with a few heavily granulated and more poorly
granulated mast cells. (C) Poorly granulated mast cells. The absence of granules makes it
difficult to accurately diagnose this neoplasm as an MCT.

Fig. 7. Aspirate of a high-grade canine cutaneous MCT. Modified Wright stain. (A)
Neoplastic cells are markedly pleomorphic, including binucleation, anisocytosis, and aniso-
karyosis. (B) Neoplastic cells exhibit variable granularity as well as anisocytosis and anisokar-
yosis. Mitotic figures (arrow) are commonly noticed.

Fig. 8. Assessing nuclear morphology in cytologic samples of canine cutaneous MCTs. (A)
Modified Wright staining may obscure nuclear morphology in heavily granulated mast cells.
(B) H&E staining of the same tumor allows for easier examination of nuclear morphology
because granules are poorly stained.

Canine Cutaneous Mast Cell Tumors 827
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assessment of cellular proliferation being a strong prognostic parameter. To eval-
uate proliferation markers, it is important to understand a few key concepts of tumor
growth. Tumor growth is the result of a disturbed balance between cell proliferation
and cell death (growth 5 proliferation � 1/cell death). Any disturbance that results in
an increased ratio of proliferation to cell death can result in tumor growth. The de-
gree of cellular proliferation is determined by the number of cells within the cell cycle
(growth fraction) and the rate (speed) of cells progressing through the cycle (prolif-
eration rate). The most common proliferation markers used in veterinary medicine
include argyrophilic nucleolus organizer regions (AgNORs) (Fig. 10), Ki67 (Fig. 11),
and the MC. These proliferation markers characterize different aspects of prolifera-
tion.2 Ki67 is a nuclear protein that labels all cycling cells but cannot be detected in
resting cells. It is, therefore, a marker of the growth fraction. AgNORs represent nu-
clear proteins that can be visualized by silver stains, and large numbers and small
size of AgNORs correlate with an increased speed of cell cycle progression; there-
fore, AgNORs represent a proliferation rate marker. The MC is a phase index marker
that identifies cells in the M phase of the cell cycle. Combining assessment of the
growth fraction (Ki67) with the proliferation rate (AgNORs) provides the most accu-
rate approach to determine proliferation of a neoplastic cell population and has
been established as an important prognostic indicator for canine cutaneous
MCTs.2,24 In contrast, using a phase index, such as the MC, as a sole predictor
of proliferation, may result in both false-positive or false-negative assessments
because the MC may reflect the state of proliferation or could be due to karyologic
abnormalities.
A major problem when evaluating proliferation markers in canine cutaneous

MCTs is standardization of the evaluation methods and, even more importantly, se-
lection of the area to be evaluated. In general, areas with the highest proliferation
activity should be used to accurately determine the MC, the Ki67 index, or the
number of AgNORs in any given MCT.1,2 This is especially problematic when
determining the MC in highly granulated MCTs in H&E-stained sections and there
can be high interobserver variation. In contrast, when using a red chromogen to la-
bel Ki67-positive cells, examination of slides at low magnification allows much
easier identification of the areas with the highest index and, therefore, a higher con-
sistency among pathologists. The areas of neoplastic cells with the largest
numbers of AgNORs also are more easily identifiable than areas of the highest
MC. Furthermore, because the MC represents only a phase index, at least 20%
of high grade MCTs have a low MC.3,6 Although a large MC is a clear indicator
of more aggressive biological behavior and, therefore, has been included in the
current 2-tier grading system, a low MC is not a sensitive marker of a more benign
behavior. There is little value in assessing the MC as a sole prognostic marker
because it is less sensitive and less specific compared with the current 2-tier
grading system. Regardless, all 3 parameters should be determined consistently
with the same method and when reporting these numbers the method used
should be provided to the client to allow comparison of the results.2 A standardized
method for determining the Ki67 index has been based on the use of an ocular
grid and, in this method, an average of more than 23 Ki-67–positive cells
per grid area was associated with shorter survival times and MCT-related mortal-
ity.24 When the Ki-67 index was furthermore combined with the AgNOR counts
as a product of the value for each parameter, aggressive MCTs were identified
with a higher degree of accuracy. A combined AgNORxKi-67 score larger
than 54 was associated with an increased risk of MCT-related mortality and
metastasis.24



Fig. 9. Evaluating the KIT (CD117) labeling pattern. IHC for KIT (DAB, brown), hematoxylin
counterstain. (A) Perimembranous labeling characteristic for pattern 1. (B) Stippled cyto-
plasmic labeling and loss of perimembranous labeling characteristic for pattern 2. (C)
Diffuse cytoplasmic labeling observed in pattern 3.

Fig. 10. Evaluating numbers of AgNORs. Silver stain according to Ploton. (A) An average of 1
to 3 AgNORs per nucleus is associated with less aggressive biological behavior. (B) An
average of more than 4 AgNORs per nucleus is associated with poor survival.

Fig. 11. Evaluating Ki67 index. IHC for Ki67 (Vector red, red), hematoxylin counterstain. (A)
A low Ki67 index (23 or below per grid) has been associated with longer survival times and
unlikely local recurrence. (B) A high Ki67 index (>23 per grid) has been associated with
shorter survival times and a high risk of metastatic disease.

Canine Cutaneous Mast Cell Tumors 829
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Margin Evaluation

Determining cleanliness of surgical margins is an important part in the evaluation of
excisional biopsies of canine cutaneous MCTs. Margins should be inked and surgical
sutures are usedmost commonly to help orientate the pathologist. Canine MCTs often
are surrounded, however, by edema, reactive stromal cells, and inflammatory cells,
including non-neoplastic mast cells, that can form a halo of several-centimeter thick-
ness. This halo poses a challenge to both the veterinary surgeon when grossly deter-
mining the surgical margins and the veterinary pathologist when determining
cleanliness of the examined margins. Although the distance of neoplastic mast cells
to surgical margins has been linked in numerous studies to the likelihood of recur-
rence, the accuracy of assessing this distance is questionable. Numerous technical
factors have an impact on margin distance. After surgical incision, there is marked
retraction of the cutaneous margins. Fixation and processing have an impact, espe-
cially on the adipose tissue and the halo, causing both shrinkage and distortion.
Furthermore, pathologists currently are unable to differentiate neoplastic from non-
neoplastic mast cells, and markers used in human medicine, for example, CD25,
are not specific for neoplastic mast cells in dogs.2 Differentiating neoplastic from
non-neoplastic mast cells when examining surgical margins most commonly is based
on the arbitrary decision that clusters of 3 or more mast cells are considered
neoplastic, whereas individual, well-granulated mast cells are considered inflamma-
tory mast cells.1 Lastly, the method used to trim MCTs for microscopic examination
has a major impact on the ability of pathologists to determine cleanliness of margins
as well as distance of neoplastic cells to those margins. Routinely, most MCTs are
radially sectioned (halves and quarters). This method essentially only examines
neoplastic mast cells along the radii of the 4 quarters (Fig. 12). For a 1-cm diameter
MCT with 2-cm margins, the total excision would have an approximately 5-cm diam-
eter and a circumference of 15.7 cm. A single mast cell measures approximately
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10 mm. In order to detect every cluster of 3 or more mast cells extending to the mar-
gins, more than 500 radial sections would be required. Examining such large numbers
would be technically and economically unfeasible. Therefore, combined radial and
tangential sectioning is the preferred method the assess MCT margins and has a
more than 20% higher sensitivity in detecting dirty margins.25 The radial sections
are based on palpation of the mass and provide high-quality samples for the diagnosis
and future prognostic testing as well as some information about the distance of the
tumor to the margins. The tangential sections give the most accurate information
about margin cleanliness (see Fig. 12).
Considering the technical difficulties in determining clean margins, newer methods,

based on molecular pathology, have been more recently applied to determine the
need for additional surgery or radiation therapy.2,24,26–28 High-grade MCTs as well
as MCTs with a mutation in exon 11 of c-Kit have a high likelihood (up to 40%) of local
recurrence despite clean surgical margins.2,26 Alternatively, low-grade MCTs with a
low proliferation activity, as determined by the Ki67 index or the Ki67xAgNOR index,
were highly unlikely (less than 10%) to recur regardless of the cleanliness of mar-
gins.27,28 A combination of radial and tangential margin examination with these molec-
ular methods represents currently the most accurate method to determine the
likelihood of local recurrence.

Lymph Node Assessment

Although there is a lack of consensus among oncologists regarding the steps for MCT
staging, evaluation of the draining lymph node represents an essential component in
every approach. It is important to remember that the nearest node to the neoplasm
may not be the draining node. Review of lymphatic drainage or regional lymphoscin-
tigraphy may be beneficial when determining the node that should be sampled
(Fig. 13). Approximately 40% of draining nodes would be missed if only the anatom-
ically closest node were sampled.29 Furthermore, metastatic disease was detected in
50% of nonpalpable/normal-sized regional lymph nodes in 1 study.30 Such high
numbers raise questions about the accuracy and standardization of evaluating lymph
node spread of canine cutaneous MCTs. Although both cytologic and histologic clas-
sifications for lymph node spread have been proposed, both system suffer from
several technical difficulties.31,32 Regardless, removal of regional nodes with manifes-
tation of metastatic MCTs has been shown to be associated with a better prognostic
outcome.33



Fig. 13. Diagram of lymphatic drainage. Identification of the tributary lymph node is helpful
when determining the appropriate node to aspirate during MCT staging. Major draining
lymph nodes: 15 parotid, 25 submandibular, 35 retropharyngeal, 45 prescapular, 55 axil-
lary, 6 5 iliac, 7 5 inguinal, and 8 5 popliteal.

Fig. 12. Margin evaluation of a canine cutaneousMCT. The yellow lines indicate the perpendic-
ular half and quarter sections (radial sectioning) to diagnose the mass accurately and to deter-
mine the distance of the closest margin. To determine complete surgical removal, tangential
sectioning evaluating the lateral skin margins (red sections) and the deep margins (black sec-
tions) has to be performed. The number of sutures placed within the margins (1
suture5 cranialand2sutures5medial)determinestheorientationof theneoplasmonthebody.

Fig. 14. Sectioning of the lymph node to detect metastatic disease. Sections should be taken
at 2-mm intervals to detect manifestation of metastatic disease with at least 2 mm in diam-
eter. Detection of individual mast cells is arbitrary unless sections are cut at 10-mm thickness.
Slide A 5 arbitrary detection of individual cells, slide B 5 sections missed metastasis smaller
than 2 mm in diameter, slide C 5 no evidence of metastasis, slide D 5 arbitrary detection of
small metastatic focus, slide E 5 detection of sinusoidal infiltrates of large numbers of
neoplastic mast cells, and slide F 5 detection of a large metastatic mass.
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Fig. 15. Microscopic classification of nodal metastasis of canine cutaneous MCTs. Toluidine
blue stain. (A) Class HN1 5 more than 3 individualized mast cells in sinuses in a minimum
of 4 HPFs. (B) Class HN2 5 aggregates of mast cells in sinuses or sinusoidal sheets of mast
cells. (C) HN3 5 effacement of normal nodal architecture by mast cells; (inset) large nodule
composed of sheets of mast cells.

Canine Cutaneous Mast Cell Tumors 833
Cytologic evaluation of lymph node spread of MCTs can be challenging, because
lymph nodes normally contain low numbers of mast cells and as neoplastic mast cells
can recruit non-neoplastic mast cells via lymphatics. This is particularly problematic
when MCTs are manipulated during surgical removal, because physical pressure on
the mass and surrounding tissues can induce degranulation and recruitment of non-
neoplastic mast cells to the draining lymph nodes.1 To minimize the effects of manip-
ulation on lymph node evaluation, it is recommended that lymph node aspirates for
MCT staging are taken prior to surgical mass removal.
Because it is impossible to definitively distinguish neoplastic from non-neoplastic

mast cells, the number and arrangement of mast cells in a lymph node are used as in-
dicators of lymphatic metastasis. Although a standardized system for cytologic lymph
node staging has been proposed, it remains largely unutilized, due to the nebulous
categories of possible metastasis and probable metastasis that are of little prognostic
value to oncologists.31,34 Although percentages of mast cells in lymph nodes are
increased in patients with neoplastic versus allergic disease, distinguishing micro-
scopic metastasis remains difficult and cytopathologists tend to subjectively evaluate
the significance of mast cells in lymph nodes based on pleomorphism, arrangement in
aggregates, and overall number.34 Histologic evaluation of the draining lymph node is
typically advised in these cases for additional characterization. There is no standard
for trimming excised nodes, however, for microscopic examination. To detect individ-
ual mast cells of 10-mm diameter, a 1-cm diameter lymph node would have to be
sectioned 100 times (Fig. 14). Routinely, excised nodes often are simply single
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sectioned. Sectioning nodes at 0.2-cm intervals, following a recommendation adop-
ted from human medicine to detect overt metastatic disease, is recommended. A 4-
tiered histologic classification system (HN0–HN3) has been recommended to more
accurate predict the clinical outcomes for dogs with MCT metastasis (Fig. 15).32

Even with nodes sectioned at 0.2-cm intervals, detection of HN1 is purely arbitrary
and of little clinical significance. It is also important to recognize that categories
HN1 and HN2 do not present a premetastastic or early metastatic disease but rather
a different degree of a suspectedmetastatic disease. Identifying HN3 nodes with overt
nodal metastasis represents an important prognostic parameter, but other categories
should not be over-interpreted. In a similar manner as discussed with margin evalua-
tion, combing histologic node assessment with molecular markers will improve accu-
racy of identifying metastatic disease. The authors recently demonstrated that
quantitation of RNA of tryptase and carboxypeptidase A3 in lymph node aspirates
and biopsies dramatically improved the accuracy of detecting lymph node spread
(Matti Kiupel, unpublished data, 2019). Establishing such techniques in routine surgi-
cal pathology will advance the ability to predict metastatic spread.
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27. Séguin B, Besancon MF, McCallan JL, et al. Recurrence rate, clinical outcome,
and cellular proliferation indices as prognostic indicators after incomplete surgi-
cal excision of cutaneous grade II mast cell tumors: 28 dogs (1994-2002). J Vet
Intern Med 2006;20:933–40.

28. Smith J, Kiupel M, Farrelly J, et al. Recurrence rates and clinical outcome for
dogs with grade II mast cell tumours with a low AgNOR count and Ki67 index
treated with surgery alone. Vet Comp Oncol 2017;15:36–45.

29. Worley DR. Incorporation of sentinel lymph node mapping in dogs with mast cell
tumours: 20 consecutive procedures. Vet Comp Oncol 2014;12:215–26.

30. Ferrari R, Marconato L, Buracco P, et al. The impact of extirpation of non-
palpable/normal-sized regional lymph nodes on staging of canine cutaneous
mast cell tumours: a multicentric retrospective study. Vet Comp Oncol 2018;
16(4):505–10.

31. Krick EL, Billings AP, Shofer FS, et al. Cytological lymph node evaluation in dogs
with mast cell tumours: association with grade and survival. Vet Comp Oncol
2009;7:130–8.

32. Weishaar KM, Thamm DH, Worley DR, et al. Correlation of nodal mast cells with
clinical outcome in dogs with mast cell tumour and a proposed classification sys-
tem for the evaluation of node metastasis. J Comp Pathol 2014;151:329–38.

33. Marconato L, Polton G, Stefanello D, et al. Therapeutic impact of regional lympha-
denectomy in canine stage II cutaneous mast cell tumours. Vet Comp Oncol
2018;16(4):580–9.

34. Mutz ML, Boudreaux BB, Royal A, et al. Cytologic comparison of the percentage
of mast cells in lymph node aspirate samples from clinically normal dogs versus
dogs with allergic dermatologic disease and dogs with cutaneous mast cell tu-
mors. J Am Vet Med Assoc 2017;251(4):421–8.

http://refhub.elsevier.com/S0195-5616(19)30079-8/sref22
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref22
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref22
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref23
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref23
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref23
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref24
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref24
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref24
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref25
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref25
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref25
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref26
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref26
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref26
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref27
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref27
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref27
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref27
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref28
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref28
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref28
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref29
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref29
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref30
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref30
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref30
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref30
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref31
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref31
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref31
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref32
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref32
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref32
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref33
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref33
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref33
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref34
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref34
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref34
http://refhub.elsevier.com/S0195-5616(19)30079-8/sref34

	Diagnosis and Prognosis of Canine Cutaneous Mast Cell Tumors
	Key points
	Introduction
	Diagnosis
	Prognosis
	Grading
	Histologic
	Cytologic

	Molecular Markers
	KIT expression and c-Kit mutations
	Proliferation markers

	Margin Evaluation
	Lymph Node Assessment

	References


