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Abstract

A 13-year-old entire male Thai Ridgeback dog presented to Prasu-Arthorn Animal Hospital, Faculty of

Veterinary Science, Mahidol University with a mass on the caudal right flank. Fine needle aspiration (FNA)

revealed round cells with intracytoplasmic granules consistent with mast cell tumour (MCT). Surgical excision

was performed. Histological grading revealed poorly-differentiated, high grade MCT with 18 mitotic figures per

10 high power-fields (HPFs) and KIT staining was consistent with KIT pattern II (focal or stippled cytoplasmic

staining); both of which are associated with poor survival. This contrasted with the better survival time

implicated by low argyrophilic nucleolar organiser region (AgNOR) and Ki-67 scores, which were all below the

cut-off values, suggesting low cellular proliferation. A chemotherapy protocol of vinblastine and prednisolone

was subsequently commenced. Distant recurrence at the neck occurred at 67 days, confirmed to be MCT by

histopathology. The dog later died, with a total survival time of 90 days from diagnosis. The actual survival time

closely aligned with the estimated survival time based on histological grading. With few multivariate survival

analyses available, this case demonstrates the use of AgNOR, Ki-67, and KIT localisation to complement

histological grading for further studies to compare different variables in a clinical setting in Thailand.
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Introduction

Mast cell tumour (MCT) or mastocytoma, a

tumour arising from neoplastic transformation of mast

cell is a commonly encountered tumour in dogs, making

up 16 to 21% of canine cutaneous neoplasms (Blackwood

et al., 2012). MCT primarily occurs in older dogs (mean

age 8 to 9 years) and there is no predilection for sex

(Blackwood et al., 2012; Rothwell et al., 1897). Breeds

such as Boston Terrier, Boxer, Pug, Labradors, Golden

Retrievers and Pitbull are at a significant risk of

developing MCT (Blackwood et al., 2012; Rothwell

et al., 1897).

In dogs, MCTs can occur anywhere on the

body though are commonly found in cutaneous or

subcutaneous tissues (Blackwood et al., 2012). Tumours

at mucosal sites and in unresectable locations are

associated with poorer outcome (Hillman et al., 2010;

London and Thamm 2020). A diagnosis of MCT can be

made via fine needle aspiration (FNA) and excisional

biopsy revealing the characteristic round cells with fine

purple metachromatic cytoplasmic granules (Blackwood

et al., 2012; Bostock 1986).

The presentation and biological behaviour of

canine MCTs can be highly heterogeneous with variable

outcome and metastasis, making prognostic factors

essential in predicting the clinical course (London and

Thamm 2020). Amongst multiple prognostic factors,

histological grading remains the single most important

prognostic factor as it is strongly correlated with survival

(Bostock 1986; London and Seguin 2003; Patnaik et al.,

1984). High-grade MCTs corresponding to the current

two or three-tiered grading systems are associated with

shorter survival time and shorter time to metastasis; with

undifferentiated tumours found to have a metastatic rate

of 55 to 96% (Blackwood et al., 2012; Bostock 1973;

Patnaik et al., 1984). The most common metastatic sites

include local lymph nodes, liver, spleen and bone

marrow (Blackwood et al., 2012; O'connell and Thomson

2013). Other diagnostic tools that are not routinely used in

practice but have been promising in providing valuable

prognostic information include the evaluation of cellular

proliferation markers (Ki-67 and argyrophilic nucleolar

organiser region (AgNOR)) and receptor expression

(KIT localisation pattern and c-KIT mutation) (Smith

et al., 2017).

While surgery alone can be curative for low grade

MCTs, only 6 to 27% of dogs with high grade tumours

treated with surgery alone survive longer than 1 year

(Bostock 1973; Bostock et al., 1989; Patnaik et al., 1984).

Thus, radiotherapy or systemic chemotherapy should be

considered in combination with surgery in high grade

MCTs or in patients with negative prognostic factors

(Blackwood et al., 2012; Sledge et al., 2016). This report

describes a case of MCT in a dog and compares

the association between prognostic factors (namely

histological grading, Ki-67, AgNOR, and KIT receptor

expression) with clinical survival time, and survival times

in literature.

Case Description

A 13-year-old entire male Thai Ridgeback dog

presented to Prasu-Arthorn Animal Hospital, Faculty of

Veterinary Science, Mahidol University with a mass on

the caudal right flank. The mass was noticed six months

prior to presentation as a hard firm 1 x 1 x 1 cm nodule

and was reported to be fast-growing, with pruritus and

licking observed. No gastrointestinal abnormalities were

reported. At presentation, a firm non-mobile, well-

circumscribed mass at the right flank measuring 5 x 5 x 3

cm with alopecia, and ulcerated suppurative surface was

identified (Figure 1A). Right popliteal lymph node was

enlarged, measuring at 2 x 2 x 2 cm.
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Cytological evaluation by FNA and Diff-QuickTM

of the mass revealed a population of discrete round cells

with pale basophilic cytoplasm, large nuclei and purple

intracytoplasmic granules with some degenerate

neutrophils. The cytological appearance of these round

cells was consistent with MCT with a background of

infection. FNA of the right popliteal lymph node

revealed low number of mast cells with accompanying

lymphocytes and lymphoblasts, suggestive of reactive

lymphoid hyperplasia. A routine complete blood count,

biochemistry panel and 3-view thoracic radiographs

revealed no abnormalities (Table 1). Abdominal

ultrasound study was unremarkable. The decision was

made to perform a wide surgical mass excision followed

by chemotherapy.

To excise the mass, the dog was premedicated

with 0.3 mg/kg IM morphine with 0.2 mg/kg IV diazepam,

followed by induction with 4 mg/kg IV propofol, and

maintained with isoflurane. Before surgery, 0.4 mg/kg

chlorpheniramine was also given. After excision, the mass

was fixed in 10% neutral buffered formalin, and sectioned

for histopathological examination, margin analysis, and

staining for AgNOR, Ki-67 and KIT pattern localisation.

Closure was performed using a unilateral advancement

flap using a cruciate pattern with 3-0 nylon (Ethilon®

Ethicon) suture (Figure 1B).

Paraffin-embedded samples were cut to 5 μm and

submitted to Mahidol University Veterinary Diagnostic

Center for histopathology and margin analysis, to Vet

Clinical Center for AgNOR staining, and to Thailand's

Institute of Pathology for Ki-67 staining and KIT

pattern localisation. For histopathology and margin

analysis, the slides were stained with routine toluidine

blue. To perform modified AgNOR staining, samples

were deparaffinised in xylazine and rehydrated in ethanol.

To evaluate AgNORs, samples were incubated with

silver nitrate at 37 oC for 35 minutes and 0.1% gold

chloride before dehydration. The AgNORs were counted

in 100 cells and averaged.

Ki67 immunostaining was performed with the

Benchmark staining platform (Ventana, Tucson, AZ).

Sections were incubated with murine monoclonal anti-

Ki67 primary antibodies (MIB1; Dako Cytomation) at a

1:400 dilution, detected using a commercial alkaline

phosphatase and secondary antibody system. All slides

were counterstained with haematoxylin. The slides were

compared to a negative control (canine MCT incubated

with a buffer) and a positive control (the epidermal basal

layer). Counting was performed at 100 X magnification,

where immunopositive cells per area were averaged in

5 HPFs.

Immunohistochemical analysis for KIT was

performed on the Leica Microsystems Bond maX

System (Leica Microsystems, Bannockburn, IL). Slides

were deparaffinised with dewax Solution (Leica

Microsystems) before incubating with rabbit polyclonal

anti-KIT antibody (Dako Cytomation) at a 1:750 dilution

for 30 minutes in Bond Epitope Retrieval Solution 2

(Leica Microsystems). Immunohistochemical analysis

was performed using the Bond Polymer Refine Detection

kit (Leica Microsystems) and a 3-step indirect

immunoperoxidase technique. Samples were referenced

against a negative control (Canine MCT with only added

buffer) and a positive control (known MCT slide).

Histopathology revealed highly cellular, poorly

delineated mast cells arranged in sheets with scattered

cells present in the dermis and subcutis. Neoplastic cells

were round, had distinct borders and moderate amounts of

cytoplasm with intracytoplasmic basophilic granules

(Figures 2 and 3). There was moderate anisokaryosis
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with some multinucleated cells having 1 to 2 nucleoli.

There were 18 mitoses/ 10 HPFs. Extensive necrosis

and oedema were noted. Complete surgical excision of

the mass could not be determined as there were rare

aggregates of mast cells within the deep dermis and

subcutis of the caudal tangential margin. Immuno-

histochemical labelling showed Ki-67 of 16.8 cells per

grid (cut-off 23), histochemical staining revealed AgNOR

of 2.16 cells per nucleus in neoplastic cells (cut-off 2.25),

and AgNOR x Ki-67 of 36.29 (cut-off 54) (Figures 4 and

5) (Webster et al., 2007). KIT pattern labelling revealed

loss of perimembrane labelling and perinuclear or stippled

cytoplasmic labelling in greater than 10% of neoplastic

cells which are characteristic of cytoplasmic focal (KIT

pattern II) (Figures 6 and 7). Detection of internal tandem

duplication mutations of c-KIT gene is not yet available in

Thailand.

Chemotherapy regimen with vinblastine and

prednisolone was administered after complete wound

healing. Two mg/ m-2 IV vinblastine (Vilban®) was given

weekly for 4 weeks with 2 mg/ kg PO prednisolone twice

daily for 2 weeks, followed by 2 mg/ kg once daily for 4

weeks. Follow-up monitoring revealed that the patient

developed a 2 x 2 x 1 cm dark-coloured mass at the ventral

neck after 4 chemotherapy treatments confirmed to be an

MCT by FNA (67 days after first presentation). Cytology

of the left submandibular lymph node revealed multiple

aggregates of mast cells infiltration. Wide surgical

excision of the mass and lymphadenectomy were

performed. Histopathology revealed round cells with

toluidine blue positive cytoplasmic granules in the

superficial to deep dermis. A large population of

neoplastic cells were seen in the lymph node medullary

sinus.

Despite adequate surgical wound healing, the dog

started to exhibit signs of depression and anorexia at 10

days post-surgery. At 22 days post-surgery the patient

died at home; the total survival time was 90 days.

Figure 1. Photograph of the lesion. A) Skin mass excised from the right flank containing a well-circumscribed

superficial dermal to deep subcutaneous, 5 x 5 x 3 cm, off-white/ pink ulcerated suppurative mass surrounded by normal

skin B) Surgical wound following closure with a unilateral advancement flap.
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Figure 2. Mast cell tumour (MCT), dog, skin. Toluidine blue. Neoplastic cells containing dense metachromatic granules

at 10x magnification.

Figure 3. Mast cell tumour (MCT), dog, skin. Toluidine blue. Neoplastic cells containing dense metachromatic granules

at 40x magnification.
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Figure 4. Mast cell tumour (MCT), dog, skin. Immunohistochemistry labelled for Ki-67 reveals occasional nuclear

labelling. 40x magnification.

Figure 5. Mast cell tumour (MCT), dog, skin. Histochemical staining for AgNOR reveals variable numbers of

Nucleolar organiser regions (NORs). 40x magnification.
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Figure 7. Mast cell tumour (MCT), dog, skin. Micrograph reveals both a loss of perimembrane labelling and

perinuclear or stippled cytoplasmic labelling in greater than 10% of neoplastic cells, consistent with a KIT pattern II.

40x magnification.

Figure 6.  Mast cell tumour (MCT), dog, skin. Immunohistochemistry labelled for KIT at 10x magnification.
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WBC (cell/mm3) 8.9 13.3 22.1 11.8 25.2 9.46 6-17

Monocyte 0.4 0.8 0.4 0.5 1.0 0.5 0.15-1.4

Neutrophil 6.9 11.1 19.7 9.9 21.9 8.1 3.0-11.5

Lymphocyte 1.2 1.2 8 1.3 2.0 0.9 1.0-4.8

Eosinophil 0.4 0.1 1 0.1 0.3 0 0.1-1.3

Basophil 0 0 0 0 0 0 <0.1

Band Neutrophil 0 0 0 0 0 0 0-0.3

Erythrocyte x 106 6.2 5.2 5.2 4.9 4.8 3.6 5.0-9.0

Haemoglobin (g/dL) 14.5 12.5 13.4 13.5 13.4 9.2 10.0-18.0

Haematocrit (%) 45.0 38.5 39.7 38.3 38.2 28.0 33.0-35.0

MCV 72.9 74.7 77.0 77.9 78.8 77.4 60.0-77.0

MCH 23.5 24.3 26.0 27.4 27.7 25.4 20.0-25.0

MCHC 32.3 32.5 33.7 35.2 35.1 32.8 32.0-36.0

Platelets x 102 (cell/μl) 333 272 278 321 360 34 200-500

RDW 12.7 13.8 14.0 14.0 13.1 12.2 12.0-15.0

Plasma protein 8.0 8.8 8.6 9.0 8.6 8.2 6.0-7.5

Platelets smear Adequate Adequate Adequate Adequate Adequate Decrease

Morphology Normal Normal Normal Normal Normal Normal

Alkaline phosphatase - 117 191 134 163 138 23-212

(U/L)

Alanine 29 44 122 69 61 29 10-100

aminotransferase

(U/L)

Blood urea nitrogen - 19 17 20 18 12 7-27

(mg/dL)

Creatinine (mg/dL) 1.1 1.3 1.4 1.27 1.6 1.4 0.5-1.8

Table 1.  Complete blood count and serum biochemical results.

Parameter
12/12/19

1st

Chemo.

23/12/19
2nd

Chemo.

06/01/20
3rd

Chemo.

13/01/20
4th

Chemo.
27/01/20 11/02/20 Reference
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Discussion

The heterogeneity in the behaviour of MCTs

stresses the importance of prognostic factors such as

grading, staging, location, cell proliferation rate, recurrence

after surgery, systemic signs, and c-KIT mutation in the

workup (Blackwood et al., 2012; Bostock 1986; London

and Thamm 2020; Michels et al., 2002; Patnaik et al., 1984;

Warland et al., 2014). MCTs are graded using the

three-tiered and the more objective two-tiered grading

systems (Bostock 1986; Kiupel et al., 2011; Patnaik et al.,

1984). Higher grades tumours show more mitotic figures

associated with oedema, ulceration and necrosis (Patnaik

et al., 1984). The two-tiered system decreases inter-rater

variation by quantitating the histological criteria (Kiupel

et al., 2011). In this case, the tumour was graded as poorly

differentiated (based on the three-tiered grading system)

and high (according to the two-tiered grading system)

(Bostock 1986; Patnaik et al., 1984; Kiupel et al.,

2011).

The presence of a large MCT without systemic

signs is classified as stage III. substage a., according to

the World Health Organisation's clinical staging (Owen

1980). Apart from cytological sampling of the mass and

lymph nodes, full staging workups include abdominal

ultrasound, thoracic radiographs, buffy coat smears and

bone marrow examination (Blackwood et al., 2012).

Although splenic and hepatic MCT infiltration are

associated with reduced survival time, aspirating

ultrasonographic normal spleen and liver remains a

controversy, as there are no cut-off values differentiating

normal, reactive and neoplastic disorders (Finora et al.,

2006; Stefanello et al., 2009). Given the absence of

ultrasonographic neoplastic features in both organs

splenic and hepatic ultrasound FNA were not performed.

Pulmonary metastasis is rare; therefore, thoracic

radiographs are used to look for other conditions rather

than secondary tumours (London and Thamm 2020). Buffy

coat evaluation are not routinely performed, as

mastocythemia is associated with systemic inflammation

rather than mastocytosis (McManus 1999). Similarly, the

2.8% prevalence of bone marrow infiltrations makes

bone marrow aspiration low yield in cases without

haematological abnormalities (Endicott et al., 2007).

As mitotic count only identifies cells in mitosis,

evaluation of Ki-67 and AgNORs are more superior at

assessing cellular proliferation, and predicting survival

time, metastasis, and disease-free intervals (Bostock et al.,

1989; Sledge et al., 2016; Smith et al., 2017; Webster

et al., 2007). Ki-67 evaluates cells growth fraction

irrespective of their phases, while AgNOR estimates the

rate of those cells moving through the cycle (Sledge

et al., 2016). Dogs with Ki-67 index more than 23 and

AgNOR x Ki-67 score more than 54 are at increased risk

of metastasis and mortality with 60% of patients dead

within 1 year of presentation (Sledge et al., 2016; Webster

et al., 2007). Despite the unknown molecular aetiology

of MCTs, c-KIT gene mutations (in exons 8 and 11) are

found in 25-30% of intermediate to high grade tumours,

and are associated with poorer survival (Downing et al.,

2002; Gil da Costa 2015; Letard et al., 2008; Webster

et al., 2007). Mutated c-KIT results in receptor tyrosine

kinase KIT independent activation leading to MCT

proliferation, differentiation and maturation (Sledge

et al., 2016; Webster et al., 2007). KIT protein can be

localised into three patterns: 1) perimembrane, 2) focal or

stippled cytoplasmic, 3) diffuse cytoplasmic pattern

(Sledge et al., 2016; Webster et al., 2007). Dogs with

c-KIT mutation and aberrant KIT localisation patterns

(pattern II and III) are associated with worse prognosis

(Sledge et al., 2016; Webster et al., 2007).
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Although it has been hypothesised that tyrosine

kinase inhibitors are preferred in dogs with c-KIT

mutation or aberrant KIT pattern, Weishaar et al. (2018)

suggested that no significant differences in progression-

free and overall survival were seen between tyrosine

kinase inhibitor (toceranib) and traditional chemotherapy

(vinblastine). Vinblastine was also associated with less

adverse effects than toceranib (89% versus 93%), and may

be preferred (Weishaar et al., 2018).  Despite better

response, the addition of lomustine is associated with

increased toxicity (28% hepatotoxicity, 33% severe

neutropenia and 54% myelosuppression) compared to

protocols without lomustine (6-20% myelosuppression

and gastrointestinal toxicity) (Hosoya et al., 2009;

Rassnick et al., 1999). Therefore, vinblastine and

prednisolone were selected based on the owner's

preference to minimise toxicity.

In our case, the total survival time of a dog with

high grade, poorly differentiated MCT was 90 days from

presentation. This is similar to the median survival time

reported in the two-tiered grading system (less than 4

months) (Kiupel et al., 2011), Patnaik et al. (1984) (6%

surviving more than 1500 days) and Bostock (1973) (13%

surviving past 210 days). However, survival time was

shorter than expected given the literature reported dogs

with KIT pattern II had an overall survival time of 19

months (Webster et al., 2008). Similarly, the short survival

time in this case was incongruent with AgNOR x Ki-67

and Ki-67 indices, as dogs with scores lower than the

cut-off points should have survived longer, and 90% of

dogs with less than 23 Ki-67 positive cells per grid

expected to survive beyond 3 years (Webster et al., 2007).

As such, the short survival time in this case study was

unexpected given that the histological grading has a

strong correlation with Ki-67 and AgNOR (all P <0.0001)

(Bergman et al., 2004). The discrepancy in actual survival

time in this case may be explained by limitations in the

methodology such as preparation, counting technique,

fields examined, and microscope field of vision; all of

which can confound evaluation of proliferation markers

(Sledge et al., 2016). Another limitation was that a necropsy

was not performed, it was not possible to deduce whether

the dog died from MCT or other causes of death.

Additionally, as multiple factors influence patient outcome,

it is vital that different prognostic factors are evaluated

together to accurately estimate the survival time. For the

purpose of this report, we did not focus on other

prognostic factors. For future references, more

multivariate analysis studies are needed to simultaneously

identify the correlation between multiple factors and

survival time.

In conclusion, this case report demonstrated

that the actual survival time closely aligned with the

published estimated survival time based on histological

grading. Therefore, histological grading is undeniably an

important prognostic factor in determining the clinical

outcome and survival of canine MCT. Moreover, it is

recommended to perform Ki-67, AgNOR, and immuno-

histochemistry labelling for KIT protein localisation

pattern to evaluate multiple prognostic variables for

survival analysis. Further research into these prognostic

tools can provide a better indicator of survival estimate,

which could be used to supplement clinical judgment

and treatment decisions in canine MCTs.

Acknowledgements

The authors would like to acknowledge the help

and support from the all the staff from the faculty of

Veterinary Science at Mahidol University, in particular

Associate Professor Sukanya Manee-in, Dr. Grisnarong



56 Journal of Applied Animal Science Vol.13 No.2 July-December 2020

Wonbandue, and the Graduate Diploma Program in

Clinical Veterinary Science for the opportunity, and the

funding to make this case report possible. Lastly, we would

like to thank Dr. Akaru Likhitwatanachai for referring

the dog to the faculty, and giving the consent to publish

the work.

References

Bergman PJ, Craft DM, Newman SJ, Baer K, Camps-Palau

MA, McKnight JA, et al. Correlation of histologic

grading of canine mast cell tumors with Ki67/PCNA/

AgNOR/c-Kit scores: 38 cases (2002-2003).

Vet Comp Oncol. 2004; 2(2): 98-111.

Blackwood L, Murphy S, Buracco P, De Vos JP, De

Fornel-Thibaud P, Hirschberger J, et al. European

consensus document on mast cell tumours in dogs

and cats. Vet Comp Oncol. 2012; 10(3): 1-29.

Bostock DE, Crocker J, Harris K, Smith P. Nucleolar

organiser regions as indicators of post-surgical

prognosis in canine spontaneous mast cell tumours.

Br J Cancer. 1989; 59(6): 915-8.

Bostock DE. Neoplasms of the skin and subcutaneous

tissues in dogs and cats. Br Vet J. 1986; 142(1): 1-9.

Bostock DE. The prognosis following surgical removal

of mastocytomas in dogs. J Small Anim Pract. 1973;

14(1): 27-40.

Downing S, Chien MB, Kass PH, Moore PF, London CA.

Prevalence and importance of internal tandem

duplications in exons 11 and 12 of c-kit in mast cell

tumors of dogs. Am J Vet Res. 2002; 63(12):

1718-23.

Endicott MM, Charney SC, McKnight JA, Loar AS,

Barger AM, Berman PJ. Clinicopathological

findings and results of bone marrow aspiration in

dogs with cutaneous mast cell tumours: 157 cases

(1999-2002). Vet Comp Oncol. 2007; 5(1): 31-7.

Finora K, Leibman NF, Fettman MJ, Powers BE,

Hackett TA, Withrow SJ. Cytological comparison of

fine-needle aspirates of liver and spleen of normal

dogs and of dogs with cutaneous mast cell tumours

and an ultrasonographically normal appearing liver

and spleen. Vet Comp Oncol. 2006; 4(3): 178-83.

Gil da Costa RM. C-kit as a prognostic and therapeutic

marker in canine cutaneous mast cell tumours:

From laboratory to clinic. Vet J. 2015; 205(1): 5-10.

Hillman LA, Garrett LD, de Lorimier LP, Charney SC,

Borst LB, Fan TM. Biological behavior of oral and

perioral mast cell tumors in dogs: 44 cases

(1996-2006). J Am Vet Med Assoc. 2010; 237(8):

936-42.

Hosoya K, Kisseberth WC, Alvarez FJ, Lara-Garcia A,

Beamer G, Stromberg PC, et al. Adjuvant CCNU

(lomustine) and prednisone chemotherapy for dogs

with incompletely excised grade 2 mast cell tumors.

J Am Anim Hosp Assoc. 2009; 45(1): 14-8.

Kiupel M, Webster JD, Bailey KL, Best S, DeLay J,

Detrisac CJ, et al. Proposal of a 2-tier histologic

grading system for canine cutaneous mast cell

tumors to more accurately predict biological

behavior. Vet Pathol. 2011; 48(1): 147-55.

Letard S, Yang Y, Hanssens K, Palmérini F, Leventhal PS,

Guéry S, et al. Gain-of-function mutations in the

extracellular domain of KIT are common in canine

mast cell tumors. Mol Cancer Res. 2008; 6(7):

1137-45.

London CA, Seguin B. Mast cell tumors in the dog.

Vet Clin North Am Small Anim Pract. 2003; 33(3):

473-89.

London CA, Thamm DH. Mast cell tumours. In: Vail DM,

Thamm DH, Liptak JM, (Eds). Small Animal

Clinical Oncology, 6th ed. Saunders, St. Louis,

MO, 2020:382-403.



Journal of Applied Animal Science Vol.13 No.2 July-December 2020 57

McManus PM. Frequency and severity of mastocytemia

in dogs with and without mast cell tumors: 120

cases (1995-1997). J Am Vet Med Assoc. 1999;

215(3): 355-7.

Michels GM, Knapp DW, DeNicola DB, Glickman N,

Bonney P. Prognosis following surgical excision

of canine cutaneous mast cell tumors with

histopathologically tumor-free versus nontumor-free

margins: a retrospective study of 31 cases. J Am

Anim Hosp Assoc. 2002; 38(5): 458-66.

O'connell K, Thomson M. Evaluation of prognostic

indicators in dogs with multiple, simultaneously

occurring cutaneous mast cell tumours: 63 cases.

Vet Comp Oncol. 2013; 11(1): 51-62.

Owen LN, World Health Organization. TNM

Classification of Tumours in Domestic Animals/

edited by LN Owen. Geneva: World Health

Organization. 1980: 46-7.

Patnaik AK, Ehler WJ, MacEwen EG. Canine cutaneous

mast cell tumor: morphologic grading and survival

time in 83 dogs. Veterinary Pathol. 1984; 21(5):

469-74.

Rassnick KM, Moore AS, Williams LE, London CA,

Kintzer PP, Engler SJ, et al. Treatment of canine mast

cell tumors with CCNU (lomustine). J Vet Intern Med.

1999; 13(6): 601-5.

Rothwell TL, Howlett CR, Middleton DJ, Griffiths DA,

Duff BC. Skin neoplasms of dogs in Sydney. Aust

Vet J. 1987; 64(6): 161-4.

Sledge DG, Webster J, Kiupel M. Canine cutaneous

mast cell tumors: A combined clinical and pathologic

approach to diagnosis, prognosis, and treatment

selection. Vet J. 2016; 215: 43-54.

Smith J, Kiupel M, Farrelly J, Cohen R, Olmsted G,

Kirpensteijn 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(1): 36-45.

Stefanello D, Valenti P, Faverzani S, Bronzo V, Fiorbianco

V, Pinto da Cunha N, et al. Ultrasound-guided

cytology of spleen and liver: a prognostic tool in

canine cutaneous mast cell tumor. J Vet Intern

Med. 2009; 23(5): 1051-57.

Warland J, Amores-Fuster I, Newbury W, Brearley M,

Dobson J. The utility of staging in canine mast cell

tumours. Vet Comp Oncol. 2014; 12(4): 287-98.

Webster JD, Yuzbasiyan-Gurkan V, Miller RA, Kaneene

JB, Kiupel M. Cellular proliferation in canine

cutaneous mast cell tumors: associations with c-KIT

and its role in prognostication. Vet Pathol. 2007;

44(3): 298-308.

Webster JD, Yuzbasiyan-Gurkan V, Thamm DH, Hamilton

E, Kiupel M. Evaluation of prognostic markers for

canine mast cell tumors treated with vinblastine

and prednisone. BMC Vet Res. 2008; 4(1): 32-9.

Weishaar KM, Ehrhart EJ, Avery AC, Charles JB,

Elmslie RE, Vail DM, et al. c-KIT mutation and

localization status as response predictors in mast

cell tumors in dogs treated with prednisone and

Toceranib or vinblastine. J Vet Intern Med. 2018;

32(1): 394-405.



58 Journal of Applied Animal Science Vol.13 No.2 July-December 2020

Factor Comment

Histologic grade Strongly predictive of outcome. Dogs with undifferentiated tumors typically die of their

disease after local therapy alone, whereas those with well-differentiated tumors are

usually cured with appropriate local therapy.

Clinical stage Stages 0 and 1, confined to the skin without local lymph node or distant metastasis, have a

better prognosis than higher-stage disease.

Location Subungual, oral, and other mucous membrane sites are associated with more high-grade

tumors and worse prognosis. Preputial and scrotal tumors are also associated with a worse

prognosis. Subcutaneous tumors have a better prognosis. Visceral or bone marrow disease

usually carries a grave prognosis.

Cell proliferation rate Mitotic index, relative frequency of AgNORs, and percent PCNA or Ki-67 immunopositivity

are predictive of postsurgical outcome.

Growth rate MCTs that remain localized and are present for prolonged periods of time (months or years)

without significant change are usually benign.

Microvessel density Increased microvessel density is associated with higher grade, a higher degree of

invasiveness, and a worse prognosis.

Recurrence Local recurrence after surgical excision may carry a more guarded prognosis.

Systemic signs The presence of systemic illness (e.g. hyporexia, vomiting, melena, GI ulceration) may be

associated with a higher stage of disease.

Age Older dogs may have shorter median disease-free intervals when treated with radiation

therapy than younger dogs.

Breed MCTs in boxers (and potentially other brachycephalic breeds) tend to be of low or

intermediate grade and are thus associated with a better prognosis.

Sex Male dogs had a shorter survival time than female dogs when treated with chemotherapy.

Tumour size Large tumors may be associated with a worse prognosis after surgical removal and/or

radiation therapy.

c-kit mutation The presence of an activating mutation in the c-kit gene is associated with a worse

prognosis.

DNA copy number variation Higher CNVs are observed in tumors of higher grade and those with a worse prognosis.

Appendix A - Prognostic factors for mast cell tumours in dogs (London and Thamm 2020)
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Two-tier histologic criteria Low grade High grade

(High grade has one of the following criteria)

Mitotic figures in 10 HPF ≤ 6 ≥ 7

Multinucleated cells in 10 HPF ≤ 3 ≥ 3

Bizarre nuclei in 10 HPF ≤ 3 ≥ 3

Karyomegaly and anisokaryosis - Nuclear diameters

of at least 10% of

neoplastic cells varying

by at least two times

Appendix B - Grading
Two-tier histologic grading (Kiupel et al., 2011)

Three-tier histologic classification of MCT (Bostock 1973; London and Thamm 2020; Patnaik et al., 1984)

Grade Bostock Grading Patnaik Grading Microscopic Description

Anaplastic, undifferentiated 1 3 Highly cellular, undifferentiated cytoplasmic

(high grade) boundaries, irregular size and shape of nuclei;

frequent mitoses, sparse cytoplasmic granules

Intermediate grade 2 2 Cells closely packed with indistinct

cytoplasmic boundaries; nucleus-to-

cytoplasmic ratio lower than anaplastic;

infrequent mitoses; more granules than

anaplastic

Well differentiated 3 1 Clearly defined cytoplasmic boundaries with

(low grade) regular, spherical or ovoid nuclei, mitoses rare

or absent; cytoplasmic granules large, deep

staining, and abundant
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Stage Description

0 One tumour incompletely excised from the dermis, identified histologically, without regional lymph node

involvement

a. Without systemic signs

b. With systemic signs

I One tumour confined to the dermis, without regional lymph node involvement

a. Without systemic signs

b. With systemic signs

II One tumour confined to the dermis, with regional lymph node involvement

a. Without systemic signs

b. With systemic signs

III Multiple dermal tumours; large, infiltrating tumours with or without regional lymph node involvement

a. Without systemic signs

b. With systemic signs

IV Any tumour with distant metastasis, including bone marrow invasion and the presence of mast cells in the

peripheral blood

Appendix C - WHO system of clinical staging of cutaneous and subcutaneous mast cell tumours in dogs

(Owen 1980)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


