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Mast cell tumours are the most common canine cutaneous tumour. They can appear
similar to many other masses however some may fluctuate in size due to histamine
release from malignant mast cells. Mast cell tumours are readily diagnosed
on cytology with tumour grade and other prognostic factors determined on
histopathology following incisional biopsy or excision of the mass. The majority
of mast cell tumours can be treated with curative intent surgery. A subgroup of
tumours will, however, show aggressive clinical behaviour typically with metastasis
to lymph nodes followed by liver and spleen. Combinations of surgery and
chemotherapy or tyrosine kinase inhibitor therapy (+/- radiation therapy) may be
necessary to prolong survival in these patients.
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Introduction

Mast cell tumours (MCTs) are the most
common canine cutaneous tumour
accounting for up to 16-21% of all
skin tumours (Blackwood et al. 2012).
A prevalence of 0.27% was recently
reported for dogs with mast cell tumours
in England (Schoop et al. 2015). MCTs
are typically a disease of older, larger
dogs (≥ 8 years, ≥ 20kg) although they
can occur in dogs of any age and size
(Schoop et al. 2015). There are many
reported over-represented breeds (Table
1). Boxers and Pugs often present with
low grade tumours (MacNeil et al. 2006,
Blackwood et al. 2012). Shar-Pei’s may
have a propensity for developing MCTs
with aggressive biological behaviour and
at a younger age (Smeich et al. 2019,
Miller et al. 1995, London et al. 2020).
A clear relationship between sex/neuter
status and MCT development has not
been identified.
Mast cells are multifunctional immune
cells with a crucial role in both the innate
and adaptive immune response, including
immune tolerance, homeostasis, tissue
repair and angiogenesis (da Silva et al.
2014). They are distributed throughout the
body, particularly at the interface between
host and environment (Blackwood
et al. 2012). They have characteristic
cytoplasmic granules that contain various
biologically active compounds (Figure 1).
The contents of these granules varies but
may include substances such as heparin,
histamine, cytokines (e.g. TNF-⍺) and a
number of proteases and other enzymes
(da Silva et al. 2014).
Although the aetiology of canine MCTs
is multifactorial and not well understood,

Figure 1: Cytology sample showing mast cells with
numerous metachromatic cytoplasmic granules.

mutation of the c-kit gene is implicated
in 15-35% of patients (Vozdova et al.
2019, Letard et al. 2008, Thamm et al.
2019). In affected dogs this mutation
leads to autophosphorylation of the
receptor tyrosine kinase KIT. In nonmutated mast cells KIT is phosphorylated
by stem cell factor (SCF) leading to an
intracellular signalling process promoting
normal proliferation, differentiation
and maturation of mast cells. When the
c-kit gene is mutated the KIT receptor
becomes activated independent of
stimulation leading to unregulated
proliferation of malignant mast cells
(Thamm et al. 2019). C-kit mutation
is also significant as both a prognostic
marker and therapeutic target and will be
revisited in later sections.

Clinical presentation

Mast cell tumours can occur in almost
any body location however they most
commonly occur in the cutaneous and
subcutaneous tissues. The gross appearance
of cutaneous and subcutaneous MCTs is
similar to many other masses and varies

Table 1: Breeds reported to be at increased risk for MCT development
Boxers*

Golden Retriever

Beagle

Boston Terrier*

Cocker Spaniel

Rhodesian Ridgeback

English Bulldog*

Schnauzer

Shar-Pei**

Pug*

Staffordshire Bull Terrier

Mastiff breeds

Labrador Retriever

Weimeraner

Terrier breeds

*MCTs in these breeds are more often associated with less aggressive biological behaviour.
**MCT are more often associated with aggressive behaviour.
(London et al. 2020; White, 2011, McNiel, 2006)

Figure 2: Cutaneous MCT.

Figure 3: Cutaneous MCT - showing ulceration.
This patient was subsequently diagnosed with a high
grade MCT with lymph node metastasis.

widely (Figures 2-5). In the subcutaneous
tissues they can look and feel very similar
to lipomas. Tumours are usually solitary
however up to 21% of dogs can present
with (or later develop) multiple MCTs
(Murphy et al. 2006, Mullins et al. 2006,
O’Connell 2013). Multiple MCTs may be
more common in breeds such as the Pug
where the biological behaviour is often
less aggressive (McNiel et al. 2006). The
presence of multiple MCTs has not been
shown to be a negative prognostic factor
as long as each individual tumour receives
appropriate treatment (Murphy et al.
2006, Mullins et al. 2006).
Mast cell tumours can fluctuate in
size due to histamine release from the
malignant mast cells. In some cases the
mass can vary from not visible to several
centimetres in diameter. Occasionally,
manipulation of the tumour during
physical examination leads to MCT
degranulation and associated erythema
and wheal formation called Darier’s sign
(London et al. 2020). More aggressive
MCTs can appear ulcerated and grow
rapidly with satellite nodules and
peritumoural inflammation and oedema.
Histamine release can also cause distant
effects such as vomiting due to gastric
hyperacidity.Very rarely, a sudden release
of histamine in patients with extensive
neoplastic cells can cause anaphylaxis and
collapse (Blackwood et al. 2012).

Diagnosis and staging
Figure 4: High grade cutaneous MCT with ulceration.

Figure 5: Cutaneous MCT.

Mast cell tumours exfoliate readily and
fine needle aspirate cytology is diagnostic
in 96% of patients (Baker-Gabb et al.
2003). Cytologically, mast cells are round
cells with varying numbers of distinct
metachromatic (blue - purple) staining
cytoplasmic granules and nuclear atypia
(Raskin 2010)(Figure 1). Toluidine blue
immunocytochemistry can be used to
reveal cytoplasmic granules not visible on
Diff-Quick® stains.
When MCTs metastasise it is typically
to the lymph node followed by the liver,
spleen and bone marrow (Blackwood
et al. 2012). Minimum clinical staging
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includes haematology, biochemistry and
urinalysis to assess general health alongside
fine needle aspirate (FNA) cytology of
the closest draining lymph node. Lymph
node metastasis is detected by cytology or
histopathology as lymph node size is not
a reliable indicator of metastatic disease.
The diagnosis of lymph node metastasis
of MCTs is not always straightforward.
Typically, in metastatic lymph nodes, mast
cells appear in clusters or sheets rather
than singularly within the lymph node
(Blackwood 2012). Techniques such as
flow cytometry to aid detection of lymph
node metastasis are under investigation
(Sulce et al. 2018). Routine regional
lymph node removal for clinical staging
has also been investigated however further
studies are required before this is routinely
recommended (Ferrari et al. 2018).
Metastasis at diagnosis has been variably
reported. A recent retrospective study
found 5.8% of dogs with Patnaik grade
I tumours, 16.5% of dogs with Patnaik
grade II tumours, 48.8% of dogs with
Patnaik grade III tumours, 14.9% of
dogs with Kiupel low grade tumours and
30.8% of Kiupel high grade tumours had
metastatic disease at diagnosis (Stefanello
et al. 2015). An earlier study suggested
a lower metastatic risk for Kiupel low
grade tumours of 5% (Kiupel, et al.
2011). Metastasis most commonly involves
the local draining lymph node which
should be assessed by cytology and/or
histology whenever possible. Unfortunately,
identifying lymph node metastasis is
complicated by the fact that metastasis
is not always to the closest lymph node
and sentinel lymph node mapping is not
readily available. Distant metastasis occurs
less often and typically occurs in addition
to detectable lymph node metastasis
(Stefanello et al. 2015). Any other masses
identified on clinical examination should
have FNA cytology performed.
Tumour grade can only be determined
accurately on histopathology following
incisional biopsy or tumour removal.
Once tumour grade is known it can
be used, along with other prognostic
factors, to determine if any additional
treatment or clinical staging is required.
Immunohistochemistry may be necessary
for very poorly differentiated tumours.
Abdominal ultrasound with fine needle
aspirate of the liver and spleen are
recommended for complete staging in
those dogs with negative prognostic
factors where aggressive tumour
behaviour is expected (e.g. lymph node
metastasis, high grade tumours, high
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