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ABSTRACT

Background: Canine mast cell tumors (MCT) in the skin are classified into cutaneous MCT (¢cMCT) and subcutaneous
MCT (scMCT) types, which exhibit different clinical behaviors. Although these types have been classified only by
histology, preoperative differentiation is important for proper surgical planning.

Aim: To examine the accuracy of differentiating these types based on the gross features before surgery.

Methods: Gross photographic and histologic features of 52 MCTs (2014-2022) were retrospectively compared
between cMCTs and scMCTs. Based on these results, we grossly classified an additional 25 MCTs (2007-2013) into
two forms using photographic observations. These observations were then compared with the results of histological
classification performed by a blinded pathologist.

Results: The most notable difference between the two forms was hair loss on the tumor surface. Hair loss was
prominent in all 36 cMCTs but minimal or absent in all 16 scMCTs. Histologically, only the cMCT showed prominent
follicular reduction due to MCT infiltration. Using the hair loss feature, we classified an additional 25 MCTs: 15
cMCTs, 7 scMCTs, and 3 unclassifiable cases with overlapping features. Agreement with histological classification
was 80% (12/15) for cMCT and 100% (7/7) for scMCT. Among the unclassifiable cases, one was cMCT, and two were
scMCT. Large tumors (3.5-10.5 cm) were found in two of the three unclassifiable cases and in all three cases without
agreement.

Conclusion: Hair loss on the tumor surface is a distinct feature of cMCT that enables accurate visual differentiation
from scMCT, except for some large MCTs. This may assist in surgical planning, specifically for sc-MCT.
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Introduction

Mast cell tumor (MCT) is the most common type of
malignant skin tumor in dogs (Willmann et al., 2021;
de Nardi et al., 2022). Recently, canine skin MCTs have
been categorized into cutaneous MCT (cMCT) and
subcutaneous MCT (scMCT) based on their different
locations (Willmann et al., 2021). scMCTs reportedly
exhibit less aggressive behavior compared to cMCTs
(Newman et al., 2007; Thompson et al., 2011; Gill
et al., 2020). Additionally, the histological grading
used as a crucial prognostic indicator for cMCTs is

histologically incomplete excision was low (5%—8%)
in most low- to intermediate-grade cMCTs (Chu et al.,
2020; Saunders et al., 2021), but higher in scMCTs
(23%—-66%) (Newman et al., 2007; Thompson et al.,
2011; Gill et al., 2020; Cherzan et al., 2023; Marconato
et al., 2023; Treggiari et al., 2023). Although initial
studies suggested that scMCTs rarely recurred (8%-—
9%) regardless of incomplete excision (Newman ef al.,
2007; Thompson et al., 2011), recent studies indicated
a higher recurrence rate (21%-27%) in incompletely
excised cases (Gill ef al., 2020; Cherzan et al., 2023).
These findings suggest that scMCTs require more

neither applicable nor useful for scMCTs (Newman
et al., 2007; Thompson et al., 2011; Gill et al., 2020;
de Nardi et al., 2022). Therefore, scMCT should be
classified separately from cMCT in clinical aspects.

Complete surgical excision is the mainstay treatment
for both MCT types (de Nardi et al, 2022). When
a standard surgical margin was used, the rate of

careful surgical removal than cMCTs. Furthermore, a
recent study reported that 35% of dogs with scMCT
had lymph node metastasis at the time of admission
(Marconato et al., 2023).

For proper diagnostic or therapeutic planning, clinical
diagnosis of scMCTs may be necessary. To date,
however, scMCTs have been diagnosed only by
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histological examination (Willmann ef al., 2021), with
no description of gross features to assist in clinical
diagnosis.

The purpose of this study was to examine the differences
in the gross appearance between scMCTs and cMCTs
retrospectively and to evaluate the accuracy of the
gross diagnosis of scMCTs. In this pilot study, the gross
tumor appearance was evaluated by using preserved
gross photographs.

Materials and Methods

Histologically diagnosed cases of skin MCTs surgically
resected at Aoba Animal Hospital were examined. All
multiple or newly developed MCTs in the same dog
were included, except for locally recurrent MCTs and
multiple skin MCTs after metastatic progression. Cases
where gross photographs were not preserved were
excluded. Some of the cases have been reported in
previous studies with different aims (Itoh ez al., 2021).
Study 1

Skin MCTs between November 2014 (the first case of
scMCT diagnosis) and December 2022 were classified
into cMCT and scMCT based on histopathological
diagnosis. Tissue specimens were reviewed to assess
the validity of the classification (Willmann et al.,
2021). Upon review, two cases originally diagnosed as
c¢MCT were revised to scMCT.

In comparing the two classified groups, we assessed
the maximum tumor diameter, gross findings in the
photographs, and histological findings. Grossly, tumor
elevation from the skin surface was classified into three
degrees: 1 (flat), 2 (raised), and 3 (protruding) (Fig. 1).
Additionally, we recorded the presence or absence of
hair loss, color change, and ulceration on the tumor
surface. Histologically, our focus was on the changes

in the epidermis and adnexa, and the histological
grade (Patnaik’s classification for ¢cMCT, Kiupel’s
classification for both cMCT and scMCT) (Patnaik
et al., 1984, Kiupel et al., 2011). Loss of hair follicles
was classified as follows: 1 (absent), 2 (mild, loss area
<25%), 3 (intermediate, loss area 25%—75%), and 4
(severe, loss area >75%).

Study 2

Cases histologically diagnosed as skin MCTs between
2007 and 2013, with available gross photographs and
tissue specimens, were included. Based on the gross
features observed in Study 1, each case was classified
into three groups: ¢cMCT, scMCT, and unclassified
(cases exhibiting features of both types). Subsequently,
a board-certified pathologist (C.J.), blinded to clinical
information, classified the tissue specimens into cMCT
and scMCT based on microscopic observation, and
the concordance rate with the gross classification was
assessed.

Statistical analysis

The Kolmogorov-Smirnov test was used to assess the
normal distribution of continuous variables. Normally
distributed data are presented as mean + SD, while
non-normally distributed data are presented as median
(range). Differences in age, body weight, tumor size,
tumor elevation, and hair follicle loss between the
c¢cMCT and scMCT groups were analyzed using the
Mann-Whitney U test. Hair loss, color change, and
ulceration on the tumor surface between the two groups
were compared using Fisher’s exact test. Statistical
significance was set at p < 0.05. All analyses were
performed with EZR (Saitama Medical Center, Jichi
Medical University, Saitama, Japan), a graphical
user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria).

cMCT

scMCT

Protruding

Fig. 1. Gross images of cMCTs and scMCTs. (A—C) cMCTs with color change and hair loss on the tumor surface, arranged by
degree of tumor elevation: flat (A), raised (B), and protruding (C). (D-F) scMCTs with normal appearance on the tumor surface,
arranged by degree of tumor elevation: flat (D), raised (E), and protruding (F).

2775


http://www.openveterinaryjournal.com

2776

http://www.openveterinaryjournal.com
T. Itoh et al.

Open Veterinary Journal, (2024), Vol. 14(11): 2774-2779

Results

Study 1

During the study period, 56 skin MCTs in 38 dogs were
diagnosed. Four MCTs (3 ¢cMCTs and 1 dog) were
excluded due to the lack of gross photos and one cMCT
(1 dog) was excluded due to local recurrence. Thus, 52
skin MCTs in 36 dogs were included in the study: 36
c¢MCTs in 24 dogs, and 16 scMCTs in 15 dogs. Among
these, 3 dogs developed both types at different times.

The signalment for each group is summarized in
Table 1. Both groups predominantly consisted of Toy
Poodles and Chihuahuas. There was no sex predilection
in the cMCT group, while females were predominant
(80%) in the scMCT group. No significant differences
were observed between the groups in terms of age and
body weight.

The gross and histological features are shown in
Table 2. The tumor size was significantly larger in

Table 1. Signalments of dogs with cMCT and scMCT in study-1.

Dogs with cMCT Dogs with scMCT
(n =24%%) (n =15%%)

Breed* Toy Poodle 7 4

Chihuahua 4 2

Other pure bleeds 9 5

Mixed breed 4 4
Gender* male (castrated) 12 (4) 3(2)

female (spayed) 12 (8) 12 (10)
Age (year) mean +SD 10.1+2.6 10.0 £ 3.0
Body weight (kg) median (range) 5.7 (2.2-37.8) 9.8 (3.8-25.3)

NT: not tested, * indicated by number of dogs, ** Three dogs that developed both MCT types is included in both groups.

Table 2. Gross and histological features of cMCT and scMCT in study-1.

cMCT seMCT
p value
n=36 n=16
Gross features
Maximal diameter Median (range) 0.9 (0.3-6.8) 1.95 (0.8-5.1) 0.0083
(cm)
Degree of tumor 1: flat 6 3 0.0549
Slew o 2: raised 8 9
3: protruding 22 4
Tumor surface Hair loss (%) 36 (100%) 0 (0%) <0.0001
S color change (%) 21 (58%) 3 (19%) 0.0147
ulcer (%) 8 (22%) 1 (6%) 0.245
Histological features
Kiupel's grade* low (gradel, 2*%*) 33 (4,29) 14 NT
high (grade 3*%*) 3(3) 2
n=34%xx n=16
Loss of hair 1: absent 0 14 <0.0001
gl 2: mild or partly 0 2
3: intermediate 4 0
4: severe (complete) 30 (15) 0

NT: Not tested; * indicated by number of MCTs; ** Patnaik’s grade; *** Two cases could not be evaluated because of inadequate

tissue specimen.
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scMCTs than in cMCTs (p = 0.0083). The degree of
tumor elevation tended to be higher in ¢cMCTs but it
was not significant. Color change of the tumor surface
was more frequent in cMCTs than in scMCTs (p =
0.0147). The most distinct gross difference between
the two groups was hair loss on the tumor surface: hair
loss was prominent in all 36 ¢cMCTs but minimal or
absent in all 16 scMCTs (p < 0.0001). Histologically,
the majority of tumors in both groups were classified as
Kiupel’s low-grade (92% in cMCTs, 88% in scMCTs).
In scMCTs, 8 out of 16 (50%) were at least partially
adherent to the dermis. Reduction of hair follicles
was prominent in cMCTs (moderate in 12%, severe in
88%), while in scMCTs, slight hair follicle reduction
was observed only in the two cases that adhered to the
dermis and were absent in the others (Fig. 2).

Study 2

Twenty-five skin MCTs in 23 dogs were included in
this study. The results are shown in Figure 3. Focusing
on hair loss in the gross photographs, the 25 cases were
classified as 15 ¢cMCTs, 7 scMCTs, and 3 cases were
deemed unclassifiable due to features of both types.
Compared to histological evaluation, the accuracy
of these gross classifications was 80% (12/15) for
c¢cMCTs and 100% (7/7) for scMCTs, with an overall
concordance rate of 86%. Of the three unclassifiable
cases, one was histologically determined to be cMCT
and two to be scMCT. In the six unclassifiable or non-
matching cases, five were large tumors (3.5 to 10.5 cm)
with severe changes on the tumor surface.

Discussion

In Study 1, the majority of both cMCTs and scMCTs
were low-grade, as previously reported (Gill ez al., 2020;
Saunders et al., 2021). The clinical differences between
c¢cMCT and scMCT were tumor size, color change, and
hair loss, with hair loss being the most distinct feature
in cMCT. This can be reasonably explained: cMCTs
initially proliferate within the dermis (Willmann et al.,
2021), leading to early involvement of hair follicles and
subsequent hair loss, whereas scMCTs are typically
confined to the subcutaneous tissue (Willmann et al.,
2021), preserving the dermal structure. This was
histologically evidenced by the prominent reduction of
hair follicles observed only in cMCTs.

The gross changes in cMCTs, such as hair loss, likely
lead to early detection by owners. In contrast, sScMCTs
with fewer noticeable skin changes may resultin delayed
detection. This delay likely explains why scMCTs
(median 1.95 cm) were larger than cMCTs (median
0.9 cm). Recent studies supported this observation,
reporting larger tumor sizes in scMCTs (median 2.5~
3.0 cm) (Cherzan et al., 2023; Marconato et al., 2023;
Treggiari et al., 2023) compared to cMCTs (median
1.0 cm) (Chu et al., 2020; Saunders ef al., 2021). As
larger scMCTs were reportedly associated with shorter
survival time (Cherzan et al., 2023; Treggiari et al.,
2023), early detection, as well as complete excision,
would be clinically important.

InStudy 2, ahigh accuracy rate (86%) for gross diagnosis
focusing on hair loss was demonstrated, especially

cMCT

2mm

—
0.2 mm.

scMCT

E
\
scMCT
2 mm 2mm
F
0.2 mm m

Fig. 2. Histological pictures of cMCT (A, B) and scMCT (C—F) (HE stain). (A) Typical lesion of cMCT located in the dermis. (B)
Higher magnification of box in A, showing loss of hair follicles due to MCT infiltration. (C) Typical lesion of scMCT located in the
subcutis. (D) Higher magnification of box in C, showing normal structure of adnexa. (E) Lesion of scMCT partially attached to the
dermis. (F) Higher magnification of box in E. Hair follicles are absent only in the area of tumor infiltration (asterisk).
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Fig. 3. Results of comparison between gross and histological classification in study.

in typical scMCTs without hair loss (7/7). However,
diagnosing some large scMCTs was challenging due to
skin damage similar to that seen in cMCTs. It has been
pointed out that even histology struggles to classify
large MCTs, whether they are cMCTs extending
deeply or scMCTs reaching the surface (Thompson
et al., 2011). Early studies, which focused only on
typical scMCTs without dermal invasion, may have
been biased towards smaller tumors (Newman et al.,
2007; Thompson et al., 2011). Indeed, there are likely
larger scMCTs infiltrating into the dermis. For large
MCTs with gross skin damage, we think it is important
to address them as high-risk cases, regardless of their
dermal or subcutaneous origin.

Despite the high rate of incomplete excision in scMCTs
(>50%) (Newman et al., 2007; Thompson et al., 2011;
Cherzan ef al., 2023), the reasons for this have rarely
been discussed. Newman et al. (2007) determined
that 66% of scMCTs were incompletely excised,
consistently at the deep margins. This suggests that
scMCTs are located deeper than cMCTs, making it
more likely to leave residual deep lesions. In cases
clinically diagnosed as scMCT, surgical procedures
that ensure the complete excision of deep tumors
should be considered.

This pilot study has several limitations. First, the
assessment of the tumor appearance was based solely
on gross photographs, without direct inspection or
palpation. Small scMCTs or those adherent to the dermis
(50% in this study) might be difficult to distinguish

through palpation. The accuracy of clinical diagnosis
based on careful direct inspection and palpation
should be examined in prospective studies. Second,
the cases in Study 1 were mostly small lesions. Large
canine skin MCTs are known to have a wide variety of
appearances (de Nardi et al., 2022), so some types may
not have been included in this study. Third, given the
difficulty in histologically distinguishing large scMCTs
(Thompson et al., 2011), it should be considered that
the histological classification in some large MCTs
may have been quite subjective. Additionally, given
the criteria for diagnosing scMCT have shifted from
no dermal invasion (Newman ef al., 2007; Thompson
et al., 2011) to no epidermal involvement (Willmann
et al., 2021), the possibility that diagnoses may vary
among pathologists should be considered.

Conclusion

The absence of hair loss on the tumor surface is a
definitive feature observed only in scMCT, likely
serving as a clinical diagnostic indicator for scMCT,
except in large MCTs with skin involvement. This
may assist in surgical planning, specifically for typical
scMCT. To verify the accuracy of clinical diagnosis of
scMCTs, further studies involving direct observation
and palpation are necessary.
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