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Abstract

Canine mast cell tumors are among the most common cutaneous neoplasms in dogs, with variable
clinical behavior ranging from benign to highly aggressive forms. This study investigated the
prevalence and pathomorphological features of mast cell tumors in 42 dogs diagnosed over a seven-
month period. Tumor occurrence, clinical presentation, tumor location, cytological characteristics, and
histopathological grading were analyzed. The age of occurrence of mast cell tumors ranged from 2 to
14 years, with the highest incidence in age group of 8 to 10 years and lowest incidence in age group of
12 to 14 years, with a mean age of 7.81 years, with a male predominance. Non-descript breeds were the
most commonly affected, followed by Labrador and Golden Retrievers. The trunk was the most
frequent tumor site. Cytological evaluation revealed characteristic round-to-oval mast cells with
metachromatic granules and varying degrees of pleomorphism and anisokaryosis. Infiltration by
eosinophils and neutrophils was frequently observed. Histopathological evaluation provided further
characterization and grading of the tumors, using two widely accepted systems: Patnaik three-tier
classification and the Kiupel two-tier system. Histopathology using Patnaik grading identified Grade 11
tumors as the most prevalent, while Kiupel grading showed an equal distribution of low-and high-grade
tumors. These findings provide essential baseline data for improved diagnostic and therapeutic
strategies in canine Mast cell tumors.
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Introduction
Cancer is a major health concern in veterinary medicine, accounting for approximately 23
percent of canine deaths (Gardner et al., 2016) [61. Among cutaneous tumors, canine mast cell
tumors (MCTSs) are particularly common, representing 16-21 percent of all skin neoplasms
(Blackwood et al., 2012) M. Their highly variable biological behavior poses challenges in
prognostication and treatment planning (Welle et al., 2008 and Tamlin et al., 2020) 2 22,
MCTs originate from neoplastic mast cells, which play roles in immune and allergic
responses, and are influenced by genetic, molecular, and environmental factors (Misdorp,
2004; Warland and Dobson, 2013 and Shoop et al., 2015) [13 26, 18],
Mast cell tumors are most frequently observed in middle-aged to older dogs, with a mean age
of around 8 years (Strefezzi et al., 2003; Thompson et al., 2011) 2% 23 and breed
predispositions include Boxers, Labrador Retrievers, Golden Retrievers, Pugs, and Shar-Peis
(Bostock, 1986; Villamil et al., 2011) > %1, No consistent sex predilection has been reported
(White et al., 2011) 281, MCTs can occur anywhere on the body, most often on the trunk,
limbs, and head and usually present as solitary cutaneous nodules of variable appearance
(Welle et al., 2008) [27],
Diagnosis is commonly achieved through fine-needle aspiration cytology, supported by
histopathological grading using the Patnaik (1984) ' or Kiupel (2011) ¥ systems. However,
prognostic variability persists even within similar histologic grades, emphasizing the need for
further investigation into clinicopathological correlations and molecular markers (Scase et
al., 2006; Vascellari et al., 2013) [*7-24,
The present study aimed to evaluate the prevalence, clinical presentation, and pathological
features of canine MCTs in a defined population, with emphasis on their association with
age, breed, sex, anatomical distribution, gross morphology, cytology, and histopathological
grading in 42 confirmed cases.
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Materials and Methods

The present study was conducted over seven months at the
Department of Veterinary Pathology, Veterinary College,
Hebbal, Bengaluru. A total of 105 cutaneous tumors were
received from Veterinary College Hospital, Bengaluru and
other hospitals in and around Bengaluru, of which 42 cases
were confirmed as mast cell tumors through cytological and
histopathological evaluation. Detailed information regarding
breed, age, sex, clinical history, and tumor location was
recorded for each case. Tumor size, consistency, color,
ulceration, and adherence to surrounding tissues were
documented during gross examination. Data on breed, age,
sex, tumor location ang grading were tabulated, categorical
variables were expressed as frequencies and percentages.

Cytology

Fine needle aspiration cytology (FNAC) was performed
using 22-gauge needles, with smears stained using Field’s
stain. The cytological smears were initially assessed for
staining quality and cellular adequacy. Evaluation of cellular
morphology, along with nuclear and cytoplasmic
characteristics, was carried out to confirm the presence of
mast cell tumor neoplasia. Cytological evaluation focused
on cell morphology, granularity, nuclear features, and the
presence  of inflammatory infiltrates, particularly
eosinophils.

Histopathology and Classification

Representative tumor tissues were fixed in 10% neutral
buffered formalin, processed, and processed using routine
paraffin embedding techniques. Thin sections measuring 4
pm were prepared with a rotary microtome and stained
using the Haematoxylin and Eosin (H & E) and Toluidine
Blue. These stained sections were then microscopically
examined to identify and classify the mast cell tumors.
Histological grading was performed according to diagnostic
criteria proposed by Patnaik et al. (1984) [*°l and Kiupel et
al. (2011) &I,

Ethical approval

The study protocol was reviewed and approved by
Institutional Animal Ethics Committee (IAEC), Veterinary
College, Hebbal, Bengaluru. All of the investigated samples
were obtained for diagnostic purposes as part of routine and
standard care. Procedures were designed to avoid or
minimise discomfort, distress and pain. IAEC approval
number: VCH/IAEC/2025/22.

Results

The study population included 42 dogs with histologically
confirmed MCTs out of 105 cases. The prevalence and
pathological features of MCTs in 42 dogs diagnosed over a
seven-month period were evaluated in terms of tumor
occurrence, clinical presentation, tumor location, cytological
characteristics, and histopathological grading.

Age

In the current study, the age of dogs diagnosed with mast
cell tumors ranged between 3 to 14 years, with a mean age
of 7.81 years. The highest frequency of mast cell tumor
cases was recorded in the 8 to 10 year age group which
represented 33.3 percent (n = 14), followed by 19 percent (n
= 8) in dogs aged 4 to 6 years. Tumor incidence in the 6 to 8
year group was 16.6 percent (n = 7), followed by 14.2
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percent (n = 6) in 2 to 4 year group. 10 to 12 year group and
12 to 14 year group accounted for 9.5 percent (n = 4) and
7.1 percent (n = 3) respectively (Table-1).

Breed

Breed wise analysis revealed mast cell tumors were most
prevalent in non-descript dogs, accounting for 35 percent (n
= 15) followed by Labrador Retrievers which represented 21
percent (n = 9) and Golden Retrievers which represented 17
percent (n = 7). Pomeranians exhibited with a 7 percent (n =
3) incidence. Pug, German Shepherd and Bull dog
accounted for two cases each (5%). The lowest incidence
was noted in Rottweiler and Beagle breed which accounted
for one case each (2%) (Table-2).

Sex

In the present study, mast cell tumors were more frequently
identified in male dogs, accounting for 61.9 percent of cases
(n = 26), whereas female dogs represented 38.1 percent of
the tumor incidence (n = 16) (Table-3).

Location Wise Occurrence

Analysis of location wise occurrence revealed tumors were
most commonly located on the trunk accounting for 64.28
percent (n = 27), followed by limbs which represented 21.42
percent (n = 9) and head and neck regions which represented
14.28 percent (n = 6) (Table-4).

Gross Pathology

In the current study of 42 spontaneous cases, 34 tumors
presented as solitary nodules (80.95 %), while 8 cases
(19.05 %) involved multiple nodules. Tumor size ranged
from 1.0 to 13.0 cm in diameter. On gross examination,
tumors were firm, well-circumscribed, solitary firm nodules
or ulcerated nodules (Fig 1), erythematous inflammatory
masses (Fig 2), and hairless raised masses adhered to
underlying tissue. Cut surfaces displayed creamy white,
yellow, or brown areas, often with multifocal hemorrhage
and occasional ulceration (Fig 3).

Cytological Features

Out of 105 cases 42 samples were cytologically diagnosed
as mast cell tumor. Microscopic examination revealed a
dense population of round to oval cells characterized by pale
cytoplasm containing coarse purple granules, often
obscuring the nucleus (Fig 4). The cells demonstrated
marked variability in size and shape, with nuclei ranging
from round and oval to indented and eccentrically located.
Nuclear chromatin appeared coarse, condensed, and
vesicular, accompanied by one or more prominent nucleoli.
A high nucleus-to-cytoplasm ratio and varying levels of
cytoplasmic basophilia were evident, with occasional
multinucleated cells noted (Fig 5). The presence of
inflammatory cells, particularly eosinophils, neutrophils,
and cellular debris, was also recorded. Cytologically, the
tumors were classified into well-granulated types with
indistinct nuclear features, intermediately granulated forms,
and poorly granulated variants with distinct nuclear
morphology and visible mitotic figures.

Histopathology and grading

Out of the 105 tumor tissues submitted for routine diagnosis
to Department of Veterinary Pathology, Veterinary College,
Bengaluru, 42 cases were confirmed as mast cell tumors
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based on histopathological criteria. Neoplastic cells were
round to polygonal, containing a central to slightly eccentric
nucleus and pale cytoplasm with light grey to bluish
granules. The tumor cells were arranged in rows or columns,
with eosinophilic infiltration observed among the neoplastic
mast cells. Toluidine blue staining revealed metachromatic
granules typical of mast cells (Fig 6). According to Patnaik
grading system, 8 cases (19.04 %) were classified as grade |
(Well-differentiated), 23 cases (54.76 %) were classified as
grade Il (Intermediately differentiated) and 11 cases (26.19
%) were classified as grade Il (Poorly differentiated)
tumors (Table-5). In Kiupel grading system, 21 cases (50 %)
were classified as Low-grade tumors and 21 cases (50 %)
were classified as High-grade tumors (Table-6).

Grade I-Well-Differentiated Tumors: 8 tumors were
classified as Grade I. Histologically, they exhibited rows or
small clusters of monomorphic mast cells separated by
mature collagen (Fig 7). Cells were round with abundant
cytoplasm, distinct boundaries, and medium-sized
intracytoplasmic granules. Nuclei were rounded with
condensed chromatin. Mitotic figures were absent, and
edema or necrosis was minimal.

Grade Il-Intermediately Differentiated Tumors: 23
tumors were classified as Grade Il. These were moderately
to highly cellular, infiltrating the lower dermis and subcutis.
Mast cells formed discrete clusters within a thin
fibrovascular stroma (Fig 8). Cells ranged from round to
ovoid, with occasional spindle and giant forms. Granules
varied from fine to hyperchromatic; nuclei were round to
indented with coarse to vesicular chromatin and prominent
nucleoli. Binucleation and mitoses were infrequent, with
diffuse edema and necrosis evident.

Grade I11-Poorly Differentiated Tumors: 11 tumors were
classified as Grade I11. These showed marked cellularity and
pleomorphism, extensively replacing subcutaneous and deep
dermal tissues. Cells ranged from round to spindle-shaped
and were arranged in sheets amid edema, hemorrhage, and
necrosis (Fig 9). Cytoplasm was indistinct and sparsely
granulated. Nuclei were vesicular with prominent nucleoli;
binucleated and mitotic cells were frequent.

Low-Grade tumors: 21 cases were identified as low grade.
Histologically, these tumors consisted of well-differentiated,
monomorphic mast cells typically arranged in rows between
collagen bundles, surrounded by edematous stroma.
Numerous eosinophils were frequently present and tended to
cluster around collagenolytic areas (Fig 10).

High-grade tumors: 21 cases were classified as high grade.
These tumors displayed frequent mitotic figures within 10
high-power fields (Fig 11), with some fields showing five or
more mitoses. Notable features included marked nuclear
size variation, pronounced karyomegaly, and the presence of
bizarre nuclei and several multinucleated neoplastic mast
cells were observed (Fig 12).

Discussion
The present study provides a comprehensive analysis of 42
canine MCTs, emphasizing prevalence and pathological
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characteristics. The mean age of affected dogs (7.81 years)
corroborates prior studies indicating that middle-aged to
older dogs are at highest risk (Patnaik et al., 1984; Welle et
al., 2008; Shoop et al., 2015; Mochizuki et al., 2017 and
Darshan, 2025) [15 27. 18 51 Breed predisposition reflected
increased susceptibility in non-descript dogs followed by
Labrador Retreivers and Golden Retrievers. The elevated
occurrence of mast cell tumors in non-descript dogs in the
current study could potentially be attributed to their larger
population and their common preference as pets. This is
consistent with findings of Pierini et al. (2019), Subapriya et
al. (2024) and Darshan (2025) [16. 2151 Martins et al. (2022)
(121 emphasized that breed-specific occurrence of canine
mast cell tumors (MCTs) varies significantly across
geographical regions, influenced by differences in sample
size and study duration.

Male dogs were more frequently affected in the current
study. This finding is consistent with the results of London
and Thamm (2013) and Darshan (2025) [ 51 who also
reported a higher tumor incidence in male dogs. However,
several studies posit that there is no distinct gender
predilection and that sex hormones do not significantly
influence MCT development and survival period (White et
al., 2011, London and Thamm, 2013, Mochizuki et al., 2017
and Smiech et al., 2019) [?8 1. 14 19 The trunk was
confirmed as the most common tumor site, aligning with
previous reports (Welle et al., 2008) 7). Tumor morphology
varied considerably; most were solitary nodules, but
multiple lesions were noted in a subset, emphasizing the
variable clinical presentation align with those previously
reported by Goldschmidt and Hendrick (2002), Villamil et
al. (2011), Subapriya et al. (2024) and Darshan (2025) [": 25
21,5]

Cytological evaluation proved highly reliable, showed
variation in size and shape, with nuclei that ranged from
round to oval to indented forms with pale cytoplasm filled
with metachromatic granules. Features such as moderate to
evident pleomorphism and anisokaryosis were prominent.
The nuclei typically contained coarse, condensed and
vesicular chromatin and occasionally exhibited one or more
distinct nucleoli and eosinophilic infiltration. These
cytological observations are consistent with previous reports
by Welle et al. (2008), Camus et al. (2016), Kiupel (2017),
Kiupel and Camus (2019), Subapriya et al. (2024), and
Darshan (2025) [?7:3.10.8,21,5],

Histopathology reinforced the heterogeneous nature of
MCTs. Patnaik Grade Il tumors were most prevalent,
reflecting prior studies that suggest intermediate-grade
tumors constitute the largest proportion of cases (Patnaik et
al., 1984 and Darshan, 2025) 5 51, Equal distribution of
low-and high-grade tumors using Kiupel grading indicates a
substantial proportion of clinically aggressive tumors,
underscoring the need for careful monitoring and
appropriate therapeutic intervention. Similar results were
reported by Cruz et al. (2020) ™ who observed elevated
incidence of high-grade tumors. Overall, the findings
highlight the importance of integrated demographic,
cytological, and histopathological assessment for accurate
diagnosis, prognostication, and clinical management of
canine MCTs.
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Fig 4: Cytology: Mast cells with round to oval nucleus, abundant
pale cytoplasm with purple granules obscuring the nucleus.
(Field’s stain X1000)

Fig 1: Gross picture of mast cell tumor as single nodular, firm
ulcerated mass affecting ventral thorax.

Fig 2: Gross picture of mast cell tumor as firm, erythematous
tumor growth affecting right lateral abdomen. X400)

Fig 3: Cut surface of mast cell tumor with brown discoloration and Fig 6: Histological section showing metachromatic granules in
multifocal hemorrhagic areas. cytoplasm of mast cells. (Toluidine blue X400)
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Fig 7: Hlstologlcal section of well-differentiated MCT (Patnaik

grading system): cells in rows, separated by collagen fibers. (H&E
X200)

Fig 10: Histologlcal section showmg Iow-grade MCT (Kiupel
grading system) showing numerous eosinophils were frequently
present and tended to cluster around collagenolytic areas. (H&E

X100)
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Fig 8: Histological section showing intermediately-differentiated

MCT (Patnaik grading system): mast cells were arranged in : :
discrete clusters supported by a thin fibrovascular stroma. (H&E Fig 11: Hlstologlcal section showmg high-grade MCT (Kiupel
X100) grading system) showing mitotic figures in neoplastic mast cells.
(H&E X200)
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Fig 9: Histological section of poorly differentiated MCT (Patnaik

grading system) showing cells ranging from round and ovoid to Fig. 12: Histological section showing hlgh-grade MCT (Kiupel

spindle-shaped were arranged in sheets with edema, hemorrhage grading system) showing multi-nucleated neoplastic mast cells.
(H&E X400)

and necrotic areas. (H&E X100)
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Table 1: Age wise occurrence of canine mast cell tumors

Age Group (years) | Number of Cases | Percent Incidence (%)

2-4 6 14.2

4-6 8 19
6-8 7 16.6
8-10 14 333

10-12 4 9.5

12-14 3 7.1
TOTAL 42 100

Table 2: Breed wise occurrence of mast cell tumors

Breed Number of Cases Percentage (%)
Non-descript 15 35
Labrador Retriever 9 21
Golden Retriever 7 17
Pomeranian 3 7
Pug 2 5
Bull Dog 2 5
German Shepherd 2 5
Rottweiler 1 2
Beagle 1 2
TOTAL 42 100

Table 3: Sex wise occurrence of mast cell tumors

Sex Number of Cases Percent Incidence (%)
Male 26 61.9

Female 16 38.1

TOTAL 42 100

Table 4: Location wise distribution of canine mast cell tumors

Region Number of Cases | Percent Incidence (%)
Trunk 27 64.28
Extremities 9 21.42
Head And neck 6 14.28
TOTAL 42 100

Table 5: Histopathological Patnaik (3 tier) grading of canine mast
cell tumors (n = 42)

Patnaik grade No. of cases Percentage (%)
Grade | 8 19.04
Grade Il 23 54.76

Grade Il 11 26.19
TOTAL 42 100

Table 6: Histopathological Kiupel (2 tier) grading of canine mast
cell tumors (n = 42)

Kiupel grade No. of cases Percentage (%)
High 21 50
Low 21 50
TOTAL 42 100
Conclusion

This study of 42 canine mast cell tumors in and around
Bengaluru provides a detailed overview of prevalence,
clinical presentation, and pathomorphological
characteristics. Middle-aged dogs (mean 7.81 years) were
most affected, with a male and non-descript breed
predominance. The trunk was the most frequent tumor
location, followed by limbs and head/neck regions. Tumors
appeared as solitary, firm nodules and ulcerated nodules;
FNAC consistently revealed metachromatic granules,
pleomorphism, and eosinophilic infiltration. Patnaik Grade
Il tumors were most prevalent, while Kiupel grading
showed an equal proportion of low and high-grade tumors,
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emphasizing the heterogeneity of disease severity. The
results underscore the continued utility of combined
cytological and histopathological evaluation for accurate
diagnosis and prognostication in canine MCTs. These
findings contribute valuable pathological data to guide
clinical decision-making in veterinary practice.
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