
Mast cell tumors are one of the most
commonly encountered neoplasms in
veterinary medicine. This artic le

reviews the clinical presentation, diagnosis,
grading, staging, prognostic indicators, and cur-
rent treatment recommendations for mast cell
tumors in dogs.

MAST CELLS
Mast cells are the major effector cells of acute

hypersensitivity reactions and allergic disease.1

They originate in bone marrow and migrate to
peripheral tissues, where they mature. They are
not normally found in the circulation but are
concentrated in lymphoid organs and highly
vascularized tissues such as the lungs, liver, skin,
and gastrointestinal (GI) tract. Mast cells con-
stitutively express receptors for IgE, which is

bound to the cell surface.
When IgE is bound by anti-
gens, the receptors crosslink
and mast cells are activated.
This results in release of pre-
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Mast cell tumors are one of the most commonly encountered neoplasms in veterinary
medicine.They vary in appearance, location, and biologic behavior.The biologic behavior
of canine mast cell tumors is best predicted by evaluating factors such as histologic
grade, stage of disease, location, and proliferative markers.Treatment options include sur-
gery, radiation therapy, chemotherapy, or combinations of these modalities. Recent stud-
ies suggest that some dogs with advanced mast cell disease can experience long-term
survival with aggressive therapy. This article reviews the clinical presentation, diagnosis,
grading, staging, prognostic indicators, and current treatment recommendations for mast
cell tumors in dogs.

formed cytoplasmic granules (i.e., degranula-
tion) as well as synthesis and secretion of
prostaglandins, leukotrienes, and cytokines
(e.g., tumor necrosis factor-α, interleukins).
Mast cell granules contain histamine, heparin,
and proteases. Histamine is a vasoactive protein
that results in vasodilation, vascular leakage,
and constriction of smooth muscle in the intes-
tine and bronchi. Clinically, histamine release
can result in localized swelling, pruritus, and
erythema; hypotension during surgery or vigor-
ous palpation of mast cell tumors; and GI
ulceration resulting from histamine-stimulated
gastric acid release from parietal cells. Coagu-
lopathies and bruising secondary to heparin
release and delayed wound healing due to the
presence of proteolytic enzymes may also occur
as sequelae of mast cell degranulation.1

CLINICAL PRESENTATION
Mast cell tumors are the most common cuta-

neous tumors in dogs, accounting for 7% to
21% of all skin tumors.2 Mast cell tumors have
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been reported in dogs of all ages and breeds, although
boxers, Labrador and golden retrievers, shar-peis, and
terriers (especially Boston terriers) are overrepre-
sented.3–8 Reports indicate that boxers with mast cell
tumors might have a better prognosis because they have
a higher incidence of well-differentiated tumors6 and
shar-peis have a worse prognosis because they develop
more aggressive tumors at a younger age than do other
breeds.3 There is no apparent sex predisposition.

Mast cell tumors vary greatly in appearance, location,
biologic behavior, and treatment response. Most mast cell

tumors originate in the skin and subcutaneous tissue, but
tumors arising primarily from other sites have been
reported. Most patients are evaluated for a skin mass and
are asymptomatic. Mast cell tumors most often appear as
raised alopecic masses (Figure 1). Because some mast cell
tumors may look and feel more like lipomas, obtaining
aspirates of all skin and subcutaneous masses is recom-
mended so that a diagnosis of mast cell tumor is not
missed. Some mast cell tumors have a history of shrinking
and swelling related to intermittent mast cell degranula-
tion with histamine release. In large, poorly differentiated

Figure 1. Mast cell tumor on the ventral abdomen of a
Boston terrier.

Figure 2. Preputial mast cell tumor. Note the peritumoral
edema, bruising, and erythema related to histamine and heparin in
the mast cell granules (Darier’s sign).

tumors, peritumoral edema, bruising, and erythema often
occur (i.e., Darier’s sign; Figure 2). If a skin or subcuta-
neous tumor is thought to be a mast cell tumor based on
its clinical appearance, administering diphenhydramine (1
to 2 mg/kg SC) 30 to 60 minutes before aspirating the
mass may minimize further mast cell degranulation after
aspiration. The cause of mast cell tumors remains largely
unknown, although some researchers believe that chronic
skin irritation or viruses can lead to tumor formation.7

Approximately 10% of dogs have multiple cutaneous
mast cell tumors at diagnosis or develop additional mast

cell tumors after therapy.9 This form of mast cell disease
presents a challenge to practitioners because repeated
surgical excision is not feasible in all cases and metasta-
sis occurs in some dogs. Clients must be educated that
future skin masses should be addressed as soon as possi-
ble in dogs with mast cell tumors.

DIAGNOSIS AND GRADING
In most cases, the diagnosis of mast cell tumors is

based on visualizing small to medium round cells with
cytoplasmic metachromatic granules via cytology. Tolui-

Mast cell tumors have a variable appearance that may include
intermittent shrinking and swelling of the tumor, peritumoral

erythema, edema, and bruising related to the presence of
histamine and heparin within mast cell granules.
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dine blue stain may be needed to identify granules in
some poorly differentiated tumors in which granules
may not be cytologically or histologically evident.

Although multiple grading systems for mast cell
tumors exist, the Patnaik system is currently the most
widely used.10 This system of histologic grading was
developed to assist clinicians in determining the out-
come of dogs with cutaneous mast cell tumors. Mast cell
tumor grading is based on a histologic classification
scheme and cannot be determined via cytology. The
Patnaik grading system divides mast cell tumors into
three categories based on their histologic appearance
and invasiveness (Table 1)10:

• Grade I—Well-differentiated tumors

• Grade II—Intermediately differentiated tumors

• Grade III—Poorly differentiated tumors

After these tumors were categorized based on histologic
appearance, clinical follow-up information was obtained
to determine whether grade affected prognosis. The per-
centages of dogs surviving 1,500 days after diagnosis were
83%, 44%, and 6% for grades I, II, and III tumors, respec-
tively. In another published study evaluating this grading
system, the percentages of dogs that died as a result of
incurable tumors were 9%, 29%, and 58% for grades I, II,
and III tumors, respectively.11 Although this grading sys-

tem has been well studied and shown to be the most con-
sistent prognostic indicator of disease-free interval,
metastasis, and survival time in dogs with mast cell
tumors,5,6,10–14 interpathologist variation can occur.15 In a
recent unpublished study, 10 pathologists at the same
institution were independently asked to grade 60 canine
cutaneous mast cell tumors.15 These pathologists agreed
on the same grade for only four tumors, and six of 60
tumors were assigned three different grades. In individual
patients, the tumor grade should be evaluated with other
clinical findings, such as the size and invasiveness of the
tumor, presence of local and distant metastasis, tumor
location, and other findings (see Staging).

STAGING
The clinical stage is a determination of the degree of

local and systemic involvement (metastasis) of a tumor.
The World Health Organization (WHO) has deter-
mined clinical staging systems for many canine tumors,
including mast cell tumors (Table 2).16 For mast cell
tumors, occurrence of metastasis increases with tumor
grade. Well-differentiated (i.e., Patnaik grade I) tumors
have a low metastatic rate (<5%).7,17 Intermediately dif-
ferentiated (i.e., Patnaik grade II) tumors and poorly
differentiated (i.e., Patnaik grade III) tumors have
metastatic rates of 12% and 55%, respectively, 1 year fol-
lowing radiation therapy.12 Metastatic rates for dogs

Table 1. The Patnaik Grading System for Canine Cutaneous Mast Cell Tumors10

Patnaik System Grade Microscopic Description

III (High; anaplastic, undifferentiated) Highly pleomorphic cells
Binucleated cells are common
Frequent mitosis
Low number of cytoplasmic granules
Tumor has replaced subcutaneous tissues
Edema, hemorrhage, and necrosis are common in and around tumor

II (Intermediate) Moderately pleomorphic cells
Mitotic figures are infrequent
Tumors in dermal and subcutaneous tissues
Tumors extended to skeletal muscle or surrounding tissues
Edema is present in some tissues

I (Low; well-differentiated) Round nuclei with condensed chromatin
Mitotic figures are absent
Large, well-staining cytoplasmic granules
Tumors are confined to the dermis



January 2005 COMPENDIUM

Clinical Management of Mast Cell Tumors in Dogs 59CE

with grade II mast cell tumors treated with surgery
alone were 5% and 22% in two different studies.9,18

Mast cell tumors generally metastasize to regional
lymph nodes first, followed by the spleen, liver, mesenteric
lymph nodes, other cutaneous sites, and bone marrow.5,7,17

The lungs are a rare site for metastasis, although in some
cases of advanced metastatic mast cell tumors, pleural
and/or peritoneal effusion can occur. Before surgical exci-
sion, routine blood work (i.e., complete blood count, bio-
chemical profile) and a urinalysis should be conducted and
regional lymph node aspiration performed. Aspiration
should be performed regardless of lymph node size
because a recent study documented that of 11 dogs with
cytologically confirmed regional lymph node metastasis,
only seven had palpably enlarged lymph nodes.5

Additional systemic staging for mast cell tumor metas-
tasis should be considered before surgery in patients that
have evidence of regional lymph node metastasis if
tumors are highly infiltrative or nonresectable, peritu-
moral edema or bruising is present, or tumors are recur-
rent or are present in unfavorable locations. After surgery,
systemic staging should be conducted in patients with
poorly differentiated tumors and those with incompletely
excised tumors before radiation therapy is initiated. Fur-
ther staging should include thoracic radiography (to
screen patients for concurrent diseases before aggressive
therapy for mast cell tumors), abdominal radiography,
ultrasonography (to examine echotexture of the spleen
and liver and look for nodal metastasis), a buffy coat
smear (to detect circulating mast cells), and bone marrow
aspiration (to detect increased numbers of mast cells in
marrow).5,7,17 Obtaining aspirates of the liver and spleen is
indicated if these organs appear ultrasonographically
abnormal. Although mast cells can normally be found in
the spleen and liver, large numbers of mast cells or poorly
granulated mast cells in these organs likely indicate
metastasis. Computed tomography or magnetic reso-
nance imaging may be indicated for treatment planning
of large tumors or body wall mast cell tumors.

The WHO staging scheme for canine mast cell tu-
mors has been evaluated, and its influence on survival
time is inconsistent.5,12 Regional and distant metastases
should be determined with caution because of lack of a
standardized definition of metastasis. For example, in
dogs with mast cell tumors, uncertainty exists on how to
differentiate true nodal metastasis versus migration of
nonneoplastic mast cells through the node secondary to
chemotactic factors and drainage of the tumor. Lymph
node biopsy may be more likely than fine-needle aspira-

tion to confirm true metastasis versus “draining” mast
cells, but this procedure adds morbidity and cost to
staging procedures. Interpreting positive buffy coat
smears is also challenging. Mast cells in a buffy coat
smear are not specific for mast cell disease and may be
seen in many other systemic inflammatory conditions,
such as pancreatitis, parvovirus, and heartworm dis-
ease.17 It has been documented that dogs with buffy coat
smears positive for mast cells can survive long-term and
that dogs with disseminated mast cell tumors can have
buffy coat smears negative for mast cells.5 Buffy coat
smears can provide evidence to support systemic masto-
cytosis in dogs with mast cell tumors and clinical signs
related to mast cell disease (e.g., GI bleeding, peritu-
moral edema), but this test should be regarded as non-
specific and insensitive.19 Despite the limited usefulness
of systemic staging tests in many cases, these tests are
still recommended in the types of patients already men-
tioned until further studies clarify the usefulness of stag-
ing tests in large numbers of patients.

PROGNOSTIC INDICATORS
Many prognostic factors have been evaluated for

canine cutaneous mast cell tumors. Histologic grade is
the most consistent prognostic indicator of survival,
metastasis, and disease-free interval.5,7,8,12,17 Tumor loca-
tion affects the outcome of dogs with mast cell tumors
in some studies, although this finding has not been con-
sistent.5,8,12,20,21 Patients with mast cell tumors of the oral
cavity and muzzle, inguinal areas, and digits are thought

Table 2. World Health Organization
Clinical Staging System for Mast Cell
Tumors in Dogs16

Stagea Description 

0 Incompletely excised solitary tumors without
regional node involvement

1 Solitary tumors confined to the dermis and
without regional lymph node involvement 

2 Solitary tumors confined to the dermis and
with regional lymph node involvement 

3 Multiple dermal tumors or large infiltrating
tumors with or without regional lymph node
involvement

4 Tumors with distant metastasis
aSubstage a: no clinical signs are present; substage b: clinical
signs are present.
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to have higher metastatic rates and shorter survival
times than do patients with mast cell tumors in other
areas.5,7,12,17,22,23 It has been documented that patients
with mast cell tumors of the extremities (except digital
tumors) have longer disease-free intervals, lower
metastatic rates, and longer survival times than do pa-
tients with mast cell tumors of the trunk.12 A report of
24 dogs with mast cell tumors of the muzzle revealed a
regional lymph node metastatic rate of 58%,5 which is
higher than what is reported for mast cell tumors of the
limbs24,25 (Figure 3).

Nucleolar sites of RNA transcription stain with silver
(silver-staining nucleolar organizer regions [AgNOR]),
which indirectly determines the rate of cell prolifera-
tion.11,26 The AgNOR count is obtained by counting the
number of silver-stained regions in the nuclei of 100
cells and then calculating the average number per
nucleus. The AgNOR count has been correlated with
the tumor grade: Higher AgNOR counts are seen with
higher-grade tumors. A higher AgNOR count has also
been associated with a shorter survival time.11,26 An
AgNOR count must be interpreted relative to an indi-

vidual laboratory’s normal counts because there can be
interpathologic variation. The AgNOR count should be
interpreted only in conjunction with other findings, such
as tumor grade and other clinically important features of
mast cell tumors.11 Ki-67 is another measure of cell pro-
liferation that has been correlated with both mast cell
tumor grade and survival time.27

Researchers have investigated the influence of p53
tumor suppressor protein on the outcome of canine
cutaneous mast cell tumors.28,29 In one study, mast cell
tumors were evaluated for the presence of both normal
and mutant p53.28 Positive reactivity for p53 was found
in 50%, 47%, and 20% of grade I, II, and III tumors,
respectively. There was no statistically significant differ-
ence between p53 staining and tumor grade or size or
dog breed.28 In another study, p53 staining was higher in
grade III tumors than in other grades, but it did not
predict tumor recurrence or clinical outcome.29 Other
investigators are examining the role of mutations in the
proto-oncogene c-kit in the outcome of canine cuta-
neous mast cell tumors.30,31 The c-kit gene encodes for
stem cell factor, a cytokine responsible for mast cell
growth and differentiation. Mutations in this gene could
theoretically promote development and progression of
mast cell tumors. One study documented a significantly
higher incidence of kit mutations in grade III than in
grade I or II mast cell tumors.30 Another study found
that grade II and III mast cell tumors were five times
more likely than grade I tumors to have kit mutations,
but the difference between these groups was not statisti-

cally significant.31 Mast cell tumors containing kit muta-
tions were twice as likely to recur and metastasize as
those that did not undergo mutation, but the difference
was also not statistically significant. One goal of this
ongoing research is to examine the efficacy of an
inhibitor of mutated kit on the outcome of canine mast
cell disease.26

TREATMENT
Treatment options for mast cell tumors include sur-

gery, radiation therapy, chemotherapy, or a combination

Figure 3. Muzzle mast cell tumor. The ipsilateral mandibular
lymph node is enlarged, and metastasis was detected cytologically.
(Courtesy of Dr. M. C. McEntee, Cornell University, Ithaca, NY)

Treatment options for mast cell tumors include 
surgery, radiation therapy, chemotherapy,

or a combination of these modalities.
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of these modalities. If a cutaneous mast cell tumor in a
location amenable to surgery is diagnosed via cytology
and no negative prognostic indicators are present (i.e.,
peritumoral edema and bruising), wide surgical excision
is indicated. The tumor should be submitted for
histopathologic grading and evaluation of margins to
determine whether further staging or treatment is indi-
cated. If the tumor is not amenable to surgical resection
or has metastasized, chemotherapy and/or radiation
therapy may be indicated before or instead of surgery
(Figure 4). In dogs presenting with locoregional or dis-
tant metastasis at diagnosis, current therapeutic options
should be reviewed and consultation with an oncologist
is indicated when available. In a recent study, five of 11
dogs with documented regional lymph node metastasis
did not have local progression of their disease following
treatment with radiation therapy and/or chemotherapy,
indicating that aggressive local and systemic therapy
may result in long-term survival for dogs presenting
with local mast cell tumor metastasis.5 Unfortunately,
treatment options are limited and generally unsuccessful
in long-term management of dogs with evidence of dis-
seminated mast cell tumors.

Surgery
Surgery is the primary treatment modality for most

mast cell tumors. Potential complications of surgery are
usually seen only with large, poorly differentiated mast
cell tumors and include hypotension, tissue swelling, and
excessive hemorrhage during surgery related to histamine
and heparin in mast cell granules. Preoperative adminis-
tration of a histamine blocker (e.g., diphenhydramine [1
to 2 mg/kg SC 30 to 60 minutes before surgery]) may
help reduce intraoperative mast cell degranulation. Blood
pressure should be monitored during anesthesia because
both histamine and diphenhydramine can result in
hypotension. Postoperative complications include incision
dehiscence, delayed wound healing, and hemorrhage sec-
ondary to the presence of proteases, fibroblast suppressor
factors, and heparin1 (Figure 5). In a study of dogs treated
with surgery for mast cell tumors, 10% had wound dehis-
cence after surgery.9

Because of the invasive growth pattern of mast cell
tumors and potential for “skip metastasis” (i.e., clusters
of mast cells surrounding but not directly adjacent to a
tumor), surgeons should consider that every mast cell
tumor could be incompletely resected. Client education
before surgery is essential because incompletely excised
tumors require a second surgery or radiation therapy. If

incomplete excision is likely (e.g., in the case of a large
tumor on an extremity) or the tumor is over a body wall,
marking the surgical site intraoperatively with hemo-
clips or stainless-steel suture is advocated. If radiation
therapy is indicated postoperatively, these radiographi-
cally visible markers can assist a radiation therapist in
setting up a treatment plan. Drain placement is rarely
indicated when tumors are being resected because all
tissues surrounding the drain are considered contami-
nated with tumor cells. This can make additional sur-
geries or radiation therapy planning more difficult.

All excised tissue should be submitted to a pathologist
for evaluation. If the amount of removed tissue is large

Figure 4. Multiple cutaneous mast cell tumors with
peritumoral edema and bleeding. Before formulating a
treatment plan, systemic staging tests are indicated in this patient
to detect local and distant metastasis. (Courtesy of Dr. K. M.
Rassnick, Cornell University, Ithaca, NY)
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and involves several tissue planes, sutures to attach the
skin and subcutaneous tissue should be placed to eliminate
sliding of layers before placing the tissue in formalin. Tis-
sue should be marked with India ink or the multicolor
Davidson Marking System to help the pathologist visual-
ize the margins and determine whether they are complete
(Figures 6 and 7). The pathologist should report the
tumor grade, invasiveness into surrounding tissues, and
measurement of the margins in millimeters.

The extent of surgical margins necessary to remove
mast cell tumors has been an ongoing debate, with most
surgeons advocating a 3-cm margin in all directions sur-
rounding the tumor.7,17 A recent prospective study exam-
ined tissue margins when mast cell tumors were excised
with 3-cm lateral margins and one fascial plane deep to
the tumor.32 Tissue sections were examined at 1, 2, and 3
cm around and deep to the tumors in 17 dogs. No neo-
plastic mast cells were present at 2- or 3-cm lateral mar-
gins. Not surprisingly, tumors on the limbs of dogs were
more likely to be incompletely excised than were tumors
in other locations. This study suggests that for most mast
cell tumors, a 2-cm lateral margin with one fascial plane
deep to the tumor is sufficient for excision.

In general, the outcome of dogs with mast cell tumors
treated with surgery is excellent. In one study of 55 dogs

with grade II mast cell tumors treated with surgery
alone, 90% had complete surgical margins after an
attempt to excise 2 to 3 cm of tissue lateral to and deep
to the tumor.9 During a median follow-up time of 540
days, 5% of dogs had local recurrence, 5% developed
metastasis, and 11% developed additional cutaneous
mast cell tumors. Three of the 55 dogs died of mast cell
tumors.9 Another study reported 31 dogs with grade II
mast cell tumors treated with surgery alone.18 Surgical
margins were determined to be free of tumor cells by at
least 1 to 2 mm. The dogs were not routinely staged
before surgery. Eleven percent experienced local recur-
rence and 22% developed distant tumor recurrence (sys-
temic metastasis or additional cutaneous mast cell
tumors at other sites) during a median follow-up time
of 510 days.18 In a 2003 Australian study, tumor grade
was predictive of surgical margins: Grade III tumors
were more likely than grade I or II tumors to be incom-
pletely excised.8 Interestingly, surgeons could not predict

Figure 5. Wound dehiscence following incomplete
excision of a mast cell tumor. (Courtesy of Dr. K. M. Rassnick,
Cornell University, Ithaca, NY)

Figure 6. The Davidson Marking System can help
pathologists identify tumor margins.

Figure 7. Histopathologic image of a mast cell tumor
extending to the cut margin (marked with blue dye from
the Davidson Marking System).
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histologic margins based on extent of surgery, and some
dogs with “radical” surgical excisions had incomplete
surgical margins. Although only 4.2% of dogs developed
local recurrence, this study reported a heterogenous
population of dogs, many of which had complete surgi-
cal margins or were treated postoperatively with
chemotherapy, second surgeries, and deionized water
injections into the tumor bed.8

Conflicting information exists regarding regrowth of
incompletely excised mast cell tumors. Historically,
recurrence rates of incompletely excised mast cell
tumors range from 30% to 64%.7,17,33,34 In a report of 31
dogs comparing tumor recurrence between dogs with
tumor-free versus non–tumor-free surgical margins,
only two of 11 dogs with incomplete surgical margins
developed local tumor recurrence.4 This information
must be interpreted with caution because of a small
sample size and limited follow-up information (only six
of 11 dogs were followed up for longer than 1 year).4 It
is possible that some mast cell tumors may not recur
after incomplete excision; unfortunately, there is cur-
rently no way to predict which ones will regrow. Because
mast cell tumor recurrence is associated with a shorter
survival time versus dogs with no recurrence,35 adjunc-
tive therapies are recommended to improve local control
of incompletely excised mast cell tumors. There is no
evidence that using corticosteroids after surgery delays
tumor regrowth.

After surgery, further treatment options are based on
biopsy results, including evaluation of margins and
tumor grade. If the surgical margins are “dirty” (i.e.,

tumor cells extend to the margins of excision), further
treatment options include radiation therapy or a second
surgery if the site is amenable. If the surgical margins
are “close,” options include a second excision with scar
revision; close monitoring of the site every 2 months for
6 months, then every 3 months for 2 years or longer; or
radiation therapy. If the surgical margins are “clear,” fre-
quent follow-up visits and diligent examination of the
dog by the owner is indicated because some dogs
develop recurrent or additional mast cell tumors. Con-

troversy exists among oncologists regarding the defini-
tion of “clean” versus “close” margins for mast cell
tumors. One report defines “clean” margins as a 1- to 2-
mm distance between tumor and normal tissue,18 but
other references are scarce. For mast cell tumors, we
generally define “clean” margins as 10 mm or more
between the tumor and normal tissue and “close” mar-
gins as 1 to 9 mm between the tumor and normal tissue.
Chemotherapy is indicated in dogs with poorly differ-
entiated or metastatic mast cell tumors.

Radiation Therapy
Radiation therapy is the standard of care for incom-

pletely excised low- and intermediate-grade mast cell
tumors and provides long-term tumor control in most
cases (Table 3).12,20,24,25 Although radiation therapy is
most effective when mast cell tumors are microscopic,
reports of tumor control despite gross disease exist.25 It is
essential that clients be informed that radiation therapy
is a localized form of treatment and does not prevent
tumor metastasis or distant tumor formation. Acute local
side effects within the radiation field, such as moist
desquamation and mucositis, are common and resolve
following therapy and supportive care. Late side effects
are uncommon and usually occur 1 year or longer after
completing radiation therapy. These side effects can
include secondary tumor formation in the radiation ther-
apy field, bone necrosis, and fibrosis of muscle in the
treatment field. Although these complications are
uncommon, they are difficult to treat. Because many
patients with mast cell tumors live for years after com-

pleting radiation therapy, regularly scheduled rechecks of
the site for tumor recurrence and late effects of radiation
are indicated for the remainder of the patient’s life.

Although the role of radiation therapy in dogs with
metastatic or poorly differentiated tumors is not as well
defined, recent reports suggest a significant benefit to
using radiation therapy in managing such cases.21,36 In a
report of 19 dogs with cutaneous mast cell tumors with
regional lymph node metastasis treated with surgery,
definitive radiation therapy at the primary tumor site

Recent reports indicate that long-term tumor 
control can be obtained in some cases of 
advanced or metastatic mast cell cancer.
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and lymph node, and prednisone, the median disease-
free interval was 1,240 days.36 In another recent study,
31 dogs with incompletely excised, poorly differentiated
mast cell tumors with no evidence of nodal or systemic

metastasis (WHO stage 0) treated with a definitive
course of radiation therapy alone had a 71% 1-year and
39% 2-year survival rate.21

In some cases, bulky nonresectable mast cell tumors are

Table 3. Radiation Therapy Studies for Incompletely Excised Canine 
Cutaneous Mast Cell Tumors 

Median 1-Yr 2-Yr Median
Radiation No. Tumor-Free Tumor- Tumor- Survival 1-Yr 2-Yr
Source of Dogs Intervala Free Free Timeb Survival Survival Additional
(total dose) Treated (days) Rate Rate (days) Rate Rate Information

Orthovoltage unit 85 510 79% 77% 570 76% 73% Patients with
cobalt-60 unit extremity tumors
(36–48 Gy12) have a longer disease-

free interval, lower
rate of metastasis, and
longer median survival
time than do patients
with truncal tumors.

Grade predicts
survival and
metastasis.

WHO stage predicts
survival and DFI.

Cobalt-60 unit 32 — 94% 86% — 100% 96% 5-y DFI: 86%
(54 Gy20)

5-y survival: 96%

Intermediate-grade-
tumors only

Orthovoltage unit 37 — 96% — — — — 3-y DFI: 93%
linear accelerator
(46–48 Gy24) Intermediate-grade 

tumors only

Cobalt-60 unit 56 1,620 if — — — — — There was a higher
(45–57 Gy25) there was recurrence in dogs

microscopic treated Monday,
disease Wednesday, and

Friday than in those
365 with treated daily (i.e.,
measurable Monday through
(macroscopic) Friday).
disease

Dogs <71⁄2 years of
age had a longer DFI
than did those >71⁄2

years of age.
aTime between the start of therapy and recurrence or metastasis of the tumor.
bTime between the start of therapy and death.
DFI = disease-free interval.
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irradiated to attempt to shrink tumors and palliate clini-
cal signs. Large volumes of mast cell tumors should be
irradiated with extreme caution because rapid degranula-
tion with subsequent hypotension, GI ulceration, and
anaphylactic shock may occur after treatment. Histamine
blockers and steroids are indicated in these patients to
minimize side effects.

Interstitial brachytherapy with iridium (Ir) 192 has
also been used as an adjuvant to incomplete surgical
excision for canine cutaneous mast cell tumors.37 The
advantage of this type of therapy is that radiation is
localized in the skin and surrounding subcutaneous tis-
sue, sparing underlying vital organs. Case selection is
limited to small, incompletely excised, superficial tu-
mors. In one study of 11 dogs treated with surgery and
Ir192 interstitial brachytherapy, five dogs developed
tumor recurrence with a progression-free interval of
1,391 days and six dogs had no recurrence at a median
follow-up time of 942 days.37

Chemotherapy
The role of chemotherapy in managing mast cell

tumors has not been well defined. Chemotherapy has
been used as an adjunct to other treatment modalities
for high-grade mast cell tumors and in place of radiation
therapy for incompletely excised tumors.5,13,14,38,39 As part
of a larger study of dogs with mast cell tumors treated
with prednisone and vinblastine, seven dogs with in-
completely excised cutaneous mast cell tumors had a
57% 1- and 2-year disease-free interval.13 Also in this
study, a group of dogs with grade III tumors treated
with prednisone and vinblastine had a median survival
time of 330 days and 45% survival at 1 and 2 years after
diagnosis; however, there was no control population, and
those dogs were treated heterogeneously with surgery
and radiation therapy before chemotherapy.13

Chemotherapy should be considered if there is any
evidence of metastasis, a poorly differentiated tumor is
present, or an intermediate-grade tumor with negative
prognostic indicators is present (i.e., peritumoral edema
and bruising, a tumor in a location associated with a
worse prognosis). This treatment may improve quality
of life and survival time and may make nonresectable
tumors amenable to surgery and/or radiation therapy
(neoadjuvant chemotherapy). Various chemotherapy
drugs have been used in dogs with mast cell tumors
(Table 4).13,39–42 Unfortunately, few studies have exam-
ined the efficacy of individual chemotherapeutic agents
in dogs with measurable mast cell tumors, so it is diffi-

cult to document which drugs work best against neo-
plastic mast cells. In general, combination therapy is
thought to be most effective. Lomustine, vinblastine,
and prednisone are considered the most active agents
against mast cell tumors, and clinical studies involving
combinations of these drugs are underway.

Adjunctive Therapy
It has been documented that dogs with mast cell

tumors have plasma histamine concentrations four times
higher than those in normal dogs.43 In a study of 17 dogs
with cutaneous mast cell tumors, there was no correlation
between plasma histamine concentration and tumor
grade, tumor size, or stage of disease. Six of 17 dogs had
signs of GI ulceration (i.e., anorexia, vomiting, diarrhea,
and/or melena), and there was no difference in plasma
histamine concentrations between these dogs and dogs
without clinical signs.43 A recent study examined plasma
histamine concentrations in 11 dogs with mast cell
tumors.44 Eight dogs had macroscopic disease, and three
had microscopic disease. Tumors were of various grades
and were treated with various combinations of surgery,
radiation therapy, and chemotherapy. Dogs with macro-
scopic disease had significantly higher plasma histamine
concentrations than those in normal dogs. Seven dogs
that died from mast cell tumors had progressively higher
plasma histamine concentrations over time. In dogs that
lived, plasma histamine concentrations did not increase
over time. Initially, four of 11 dogs had signs of GI ulcer-
ation, but there was no difference between plasma hista-
mine concentrations in those dogs versus dogs with no
clinical signs and all responded to H2-blocker therapy
(cimetidine [10 mg/kg IV or PO q12h]). Seven dogs
developed GI signs that were refractory to therapy, and
their plasma histamine concentration was 64 times higher
than that in normal dogs. In this study, plasma histamine
concentrations were not measured in relation to dosing of
H2-blockers, and proton pump inhibitors were not used.

Treatment with histamine-receptor blockers (i.e.,
diphenhydramine, cyproheptadine [H1-blockers]; famo-
tidine, cimetidine, ranitidine [H2-blockers]) and/or pro-
ton pump inhibitors (e.g., omeprazole) is indicated in
patients that have nonresectable mast cell tumors, in
patients that have large tumors or peritumoral edema or
bruising prior to surgery, before radiation therapy in
dogs with bulky disease, or in any dog with local or sys-
temic metastasis of mast cell tumors. The goal of these
therapies is to decrease clinical signs related to GI ulcer-
ation and peritumoral inflammation.
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Table 4. Efficacy of Chemotherapy Drugs Against Measurable Mast Cell Disease 
(i.e., gross disease) in Dogs 

Overall Median
No. of Response Response

Drug(s) Dogs Treated Rate Duration (days) Additional Information

Prednisone41 25 20% — Four of five dogs that
responded had a partial
responsea; one of five had a
complete response.b

Grade and location did not
affect response.

Vincristine40 27 7% — The two dogs that responded
had a partial response.b

Lomustine39 23 42% 77 Seven of eight dogs that
responded had a partial
responsea; one of eight had a
complete response.b

Grade, previous treatment, and
tumor location did not affect
response.

Prednisone, vinblastine13 18 47% 154 Five of seven dogs that
responded had a complete
responseb; two of seven had a
partial response.a

Dogs that responded to therapy
had longer survival times than
those that did not.

Vinblastine, cyclophosphamide, 14 78% — Eleven of 14 had a partial 
prednisone38 responsea; none had a complete

response.b

Median survival time was 5 mo.

Cyclophosphamide, vincristine, 15 60% 53 Four of 15 had a complete 
prednisone, hydroxyurea14 responseb; five of 15 had a

partial response.a

Three dogs had a complete
responseb for >2 y.

Dogs that failed the protocol
were treated with doxorubicin;
no responses were noted.

Vinblastine, prednisone, lomustine42 11 63% 58 Three of seven had a complete
responseb; four of seven had a
partial response.a

aGreater than 50% reduction in tumor volume.
bNo evidence of a tumor.
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Deionized water injections into the tumor bed as an
adjunct to surgery have been performed by investigators
but are not recommended because of conflicting results
of efficacy.34,35 One study showed a shorter disease-free
interval in dogs that had deionized water injections into
the tumor bed versus those that did not, but survival
times between the groups were similar.35
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1. Which of the following staging tests would be rec-
ommended before surgery for a 10-year-old
female mixed-breed dog with a 3 × 4–cm cuta-
neous mast cell tumor on the right perineum
(diagnosed by fine-needle aspiration and a cyto-
logic examination), peritumoral edema and bruis-
ing, and an enlarged right inguinal lymph node? 
a. aspiration of the right inguinal lymph node
b. bone marrow aspiration
c. buffy coat smear
d. abdominal ultrasonography with aspiration of the

spleen and liver if they appear abnormal
e. all of the above

2. A 2 × 2–cm grade II mast cell tumor is resected
from the left hock of a 6-year-old neutered
Labrador retriever. The biopsy reveals tumor
cells extending to the margins of the submitted
tissue. More underlying tissue cannot be
resected. Which of the following describes the
ideal treatment and prognosis?
a. deionized water injection into the tumor bed; the

median disease-free interval is 2 years 
b. radiation therapy; more than 75% of patients have 

no evidence of a tumor at the site 2 years after the
therapy

c. prednisone only; it is likely to be curative
d. monitoring the site for recurrence; the tumor is un-

likely to recur
e. chemotherapy with vinblastine and lomustine; the

median survival time is approximately 6 months

3. Which statement regarding canine mast cell
tumors is not true? 
a. Because boxers have a higher incidence of grade I

tumors than other breeds, they may have a better
prognosis.

b. More than 50% of grade III mast cell tumors metasta-
size and are often accompanied by peritumoral
edema and inflammation.

c. Grade II mast cell tumors are the most common
type and have a wide range of biologic behavior.

d. Shar-peis tend to have very malignant mast cell
tumors that develop at a young age.

e. Buffy coat smears should be conducted on all animals

with cutaneous mast cell tumors because a positive
result is diagnostic of mast cell tumor metastasis.

4. Which chemotherapy drug is least likely to
shrink a mast cell tumor? 
a. vincristine d. lomustine
b. vinblastine e. none of the above
c. prednisone

5. Which of the following has not been demon-
strated as a prognostic indicator of canine mast
cell tumors?
a. p53 tumor suppressor protein
b. Ki-67 proliferation index 
c. AgNOR proliferation index 
d. tumor grade
e. tumor location 

6. Which statement regarding mast cell tumor
grade is not true? 
a. Tumor grade can be easily determined via cytology

or histopathology of a specimen.
b. Although other grading schemes exist, the most

commonly accepted one is the Patnaik system in
which grade I indicates well-differentiated mast cell
tumors and grade III poorly differentiated mast cell
tumors.

c. Histopathologic grade has been shown to be prog-
nostic for survival time, local tumor recurrence, and
mast cell tumor metastasis.

d. Poorly differentiated mast cell tumors have a
reported metastatic rate of greater than 50%.

e. Tumor grade is the most consistent prognostic indi-
cator among studies of canine cutaneous mast cell
tumors.

7. Which staging test is indicated in every patient
before surgical excision of cutaneous mast cell
tumors?
a. buffy coat smear
b. regional lymph node aspiration
c. punch biopsy to determine the tumor grade before

definitive surgery
d. abdominal ultrasonography
e. bone marrow aspiration
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8. A 1 × 1–cm cutaneous mast cell tumor is re-
moved from the right side of the neck of a 2-year-
old neutered Labrador retriever.The pathologist
determines that the tumor is grade II and there
is more than 2 cm of tissue between the tumor
and normal tissue. What type of follow-up is
recommended?
a. radiation therapy to the tumor bed because the

tumor will likely recur
b. vinblastine and cyclophosphamide chemotherapy for

6 mo
c. prednisone therapy (1 mg/kg PO sid for 6 mo)
d. a second surgery to achieve better margins
e. at least two follow-up visits per year because 10% of

dogs that have had cutaneous mast cell tumors
develop additional mast cell tumors; the client should
be instructed to diligently examine the dog for new
masses and to bring it to the clinic as soon as possi-
ble if any are discovered

9. Which statement regarding radiation therapy for
cutaneous mast cell tumors in dogs is not true?
a. Dogs with incompletely resected but microscopic

mast cell tumors during radiation therapy have a bet-
ter prognosis than do dogs with measurable tumors
during treatment.

b. Radiation therapy can provide palliation for large non-
resectable mast cell tumors; however, clinicians must
monitor patients carefully for posttreatment complica-
tions such as GI ulceration, hypotension, and collapse
related to release of histamine and other substances.

c. Radiographically visible markers such as hemoclips
should be used during surgery if incomplete tumor
excision is probable and radiation therapy will likely
be indicated after surgery.

d. Radiation therapy for dogs with incompletely re-
sected, well- to intermediately differentiated tumors
provides long-term local tumor control in most cases.

e. All of the above are true.

10. Which drug is a proton pump inhibitor that
decreases gastric acid secretion related to hyper-
histaminemia in dogs with mast cell tumors? 
a. cimetidine d. cyproheptadine
b. omeprazole e. famotidine 
c. ranitidine

Mast Cell Tumors in Dogs (continued from page 68)


