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Abstract

Background: Dogs have a species-specific susceptibility for developing mast cell

tumours (MCTs). Mutations in the KIT proto-oncogene (KIT) are known to contribute to

the neoplastic biology ofmast cells. In dogs, themost commonKITmutation is an inter-

nal tandem duplication (ITD) in exon 11which has been considered a useful prognostic

supplement to traditional histopathological tumour grading.

Objective: The aim of this retrospective study was to explore the importance of KIT

exon 11 ITD mutation status and known clinical and pathological indices in predicting

prognosis in a cohort of Australian dogs diagnosedwithMCT.

Methods: Clinical parameters, survival data, and KIT mutation status were collected

and assessed for 220 dogs with cutaneous or subcutaneous MCT (n= 189 and n= 31,

respectively).

Results: In at least one of the multivariable models, tumour grade (cutaneous Kiupel

lowor high grade) or tumour subcutaneous location,multiple concurrentMCTs,metas-

tasis at the timeof surgery, and senior agewere statistically significant in predicting the

outcome (MCT-related death and/or second MCT diagnosis) at 6- or 12-month post-

tumour excision. KIT exon 11 ITD mutation status was not a significant predictor in

any of the final multivariable models and was strongly correlated with high histologi-

cal grade (p< 0.001).

Conclusion: In this sample of dogs, tumour histological grading remained the single

most powerful prognostic indicator for MCT outcome. However, concurrent evalua-

tion ofmultiple prognostically significant parameters provides information of potential

value to inform therapeutic management for each patient.

KEYWORDS

dog, KIT, mutation, prognosis

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and nomodifications or adaptations aremade.

© 2022 The Authors. Veterinary Medicine and Science published by JohnWiley & Sons Ltd.

Vet Med Sci. 2022;8:1409–1420. wileyonlinelibrary.com/journal/vms3 1409

https://orcid.org/0000-0003-2732-5369
https://orcid.org/0000-0001-6245-0099
https://orcid.org/0000-0001-7271-2937
https://orcid.org/0000-0002-7501-2415
mailto:anne.peaston@adelaide.edu.au
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/vms3


1410 TAMLIN ET AL.

1 INTRODUCTION

Mast cell tumours (MCTs) account for 10%–21% of all canine cuta-

neous cancers (Tamlin et al., 2020). The biological behaviour of

canine cutaneous MCTs varies and is strongly predicted by tumour

histopathological grading (Kiupel & Camus, 2019). Two histopatholog-

ical grading schematics are commonly used in veterinary pathology for

canine cutaneousMCTs, the three-tier Patnaik systemand the two-tier

Kiupel system (Kiupel et al., 2011; Patnaik et al., 1984). In both systems,

a higher grade predicts more aggressive tumour biology, and the grad-

ing helps to guide surgical andmedical management.

MCTs restricted to the subcutaneous fat are termed subcutaneous

MCTs. Subcutaneous MCTs occur less frequently than cutaneous

tumours and are rarely biologically aggressive (Newman et al., 2007;

Thompson, Pearl, et al., 2011). The Patnaik and Kiupel grading sys-

tems do not provide useful prognostic information for subcutaneous

MCTs.

In addition to tumour histological grade, the prognosis for dogswith

MCT can be more accurately predicted by concurrently evaluating

patient signalment, clinical signs, and tumour phenotype (Kiupel, 2016;

Kiupel & Camus, 2019). The presence of multiple concurrent lesions at

diagnosis should be considered in prognosis but does not necessarily

indicatemore aggressive disease (Tamlin et al., 2020).

Evaluating molecular factors can provide valuable prognostic infor-

mation for dogs with MCT (Kiupel, 2016; Kiupel & Camus, 2019). One

such factor is mutation within the KIT proto-oncogene (KIT) (Thamm

et al., 2019). The KIT proto-oncogene encodes Kit, a transmembrane

tyrosine kinase receptor protein involved in the development, prolifer-

ation, and function of mast cells, melanocytes, interstitial cells of Cajal,

and haematopoietic stem cells (Lennartsson et al., 2005). Kit protein

is normally activated by binding its ligand, haematopoietic stem cell

factor (SCF). This causes Kit dimerisation and phosphorylation, trig-

gering downstream intracellular signalling cascades inducing mast cell

development, survival, proliferation, secretory function, and chemo-

taxis (Lennartsson et al., 2005;Letard et al., 2008). Gain-of-function

mutations within the KIT gene disrupt normal Kit protein function,

leading to constitutive Kit activation in the absence of ligand binding

and uncontrolled neoplasticmast cell proliferation (Furitsu et al., 1993;

Letard et al., 2008; Nakano et al., 2017). Approximately 18% of cuta-

neous canineMCTs carry an exon 11 internal tandem duplication (ITD)

activating mutation, and the frequency of KIT exon 11 ITD increases

with increasing tumour histological grade (Downing et al., 2002; Horta

et al., 2018; Tamlin et al., 2017).

Until recently, KIT mutations in subcutaneous MCTs had not been

reported (Tamlin et al., 2019; Vozdova et al., 2020). A preliminary Aus-

tralian study reported a KIT exon 11 ITD frequency of 10% in cuta-

neous canine MCTs (n = 24/239) and a 2% frequency in subcutaneous

MCTs (n= 1/41) (Tamlin et al., 2019). Thismolecularwork provided the

basis for the current investigation. The primary objective herein was

to evaluate the relationships between survival outcomes of dogs with

MCT and canine clinical parameters, tumour phenotype, and KIT exon

11 ITD status. It was hypothesised that tumour KIT exon 11 ITD status

would not add any additional prognostic information to that achieved

by tumour histological grade.

2 MATERIALS AND METHODS

2.1 Data collection

A total of 291 formalin-fixed, paraffin-embedded (FFPE) canine MCT

blocks collected for a previous investigation provided the basis for the

current study (Tamlin et al., 2019). Briefly, the tumourswere submitted

to veterinary pathology laboratories fromprimary veterinary practices

in south and south-eastern Australia. DNA from all 291 FFPE tumour

specimens and from fresh-frozen normal canine testes was extracted

using a commercial kit (QIAamp DNA FFPE Tissue kit; Qiagen, Hilden,

Germany). The DNA samples were tested for their ability to be ampli-

fied by PCR and for the presence of aKIT exon 11 ITD according to pre-

viously described methods (Tamlin et al., 2019). KIT exon 11 ITDmuta-

tion status for each tumour was recorded.

The patient clinical data were obtained from the MCT histopatho-

logical reports held in the databases at three veterinary pathology lab-

oratories (GribblesVeterinaryPathology LaboratoriesGlenside SAand

Clayton VIC, and the Veterinary Diagnostic Laboratory, School of Ani-

mal and Veterinary Sciences, University of Adelaide SA). Briefly, these

data included the signalment, number of concurrent MCTs, tumour

anatomical location, tumour size (≤30 mm or >30 mm based on the

largest measured diameter) (Mullins et al., 2006; O’Connell & Thom-

son, 2013; Pierini et al., 2019), completeness of tumour excision, and

primary veterinary practice geographical location (metropolitan or

rural area).

Patient history and survival data encompassing MCT treatment,

second MCT diagnosis, either cytologically or histologically confirmed

tumour metastasis at the time of tumour excision, previous history

of MCT, health status at final follow-up/cause of death, and any

patient signalment data missing from the pathology reports were col-

lected through telephone and email contact with the veterinary staff

at primary practices. A primary veterinary practice was defined as

the clinic which excised the MCT and submitted it to the pathology

laboratory.

To determine tumour histological grade, at least one haematoxylin

and eosin-stained section of each MCT was graded independently by

two or more board-certified veterinary pathologists. Each tumour was

classified as cutaneous or subcutaneous, and cutaneous tumours were

graded as Kiupel low or high grade (Kiupel et al., 2011). The diagno-

sis of a subcutaneous MCT was based on the tumour being located

completely within the subcutis and no invasion of the dermis or epi-

dermis. All pathologists graded blindly.Where grades were discordant,

the results were unblinded and the pathologists re-examined and dis-

cussed the same sections until a unanimous decision was made. If an

agreement could still not be made, the highest histological grade was

assigned to the tumour to account for the worst-case scenario. Muco-

cutaneousMCTswere not collected for this study.
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2.2 Survival analyses

For dogs with more than one concurrent MCT, the tumour of the high-

est histological grade for that dog was recorded for the survival analy-

ses. In instances where a dog was diagnosed with both cutaneous and

subcutaneousMCTs, survival data regarding the cutaneous lesionwere

recordedas a cutaneous tumour is considered tohave apoorer progno-

sis (Newman et al., 2007; Thompson, Pearl, et al., 2011).

For the survival analyses, dogs were grouped according to the Aus-

tralian National Kennel Council’s (ANKC) recognised breed groups,

rather than as individual breeds, to ensure a sufficient number of

animals were in each breed group to allow for a statistically signifi-

cant model. Dogs were grouped as either ‘adult’ or ‘senior’ based on

their age and their breed size to account for the different average life

expectancies of different breed sizes (Greer et al., 2007). A dog was

classified as senior if≥10 years old and small (average breedweight 1–

10 kg), ≥8 years old and medium (average breed weight 11–26 kg), ≥7

years old and large (average breed weight 27–44 kg), or ≥6 years old

and giant (average breedweight≥45 kg).

Survivalwasmeasured in days from thedateof tumour surgical exci-

sion to the date of death. Dogs lost to follow-up, healthy dogs alive at

the end of follow-up, and dogs which died or were euthanised due to

non-MCT related causes were right censored from the survival analy-

ses. To avoid underestimation of disease-relatedmorbidity andmortal-

ity, dogswith anunknownhealth status at final follow-upwere grouped

with dogs diagnosed with a second MCT, and dogs with an unknown

causeof deathweregroupedwith thosewhosedeathwasMCTrelated.

To examine the possibility that this would overestimate MCT-related

morbidity and mortality, a similar analysis was conducted in which

dogs with an unknown health status at final follow-up or dogs with an

unknown cause of death were right censored. Median time to MCT-

related death was defined as the time (in days) at which 50% of dogs

had died due toMCT.

A lack of detailed clinical data available from the primary practices

regarding disease progression prevented an accurate calculation of

tumour-free survival (TFS) or progression-free interval (PFI). Instead,

time to a second MCT diagnosis was determined to be a suitable sub-

stitute formeasuring TFS in this study. Time to a secondMCTdiagnosis

wasmeasured in days from the date of surgery until the date of second

MCT diagnosis, providing the diagnosis was confirmed by histopathol-

ogy and not cytology alone. The median time to the second MCT diag-

nosis was defined as the time (in days) at which 50% of all dogs that

developed a secondMCTwere diagnosed.

A history of MCT diagnosis prior to the tumour collected for this

studywasdetermined fromclinical records.Dogswith ahistoryof prior

MCT diagnosis were not considered cases of multiple MCT. Only dogs

with ≥2 concurrent MCT lesions at the time of surgery were consid-

ered cases of multipleMCT.

2.3 Statistical analyses

All statistical analyses were performed in IBM SPSS statistical soft-

ware (version 25, Armonk). Statistical significance was established at

α<0.05. A generalised binary logistic regressionmodelwas performed

to ascertain statistically significant differences in exon 11 KIT ITD

mutation prevalence between patient clinical variables and survival

data. Wald chi-square analysis was used to test for statistical signifi-

cance.

Univariable and multivariable Cox proportional hazards regression

models were used to assess the influence of the clinical variables on

6- and 12-month canineMCT-related deaths and secondMCT diagno-

sis. Variables having a p-value < 0.25 in the univariable analyses were

included in themultivariablemodel building (Bursac et al., 2008). Using

backward selectionmethods, only those variables thatwere significant

at a level of p < 0.05 were retained in the multivariable models, except

for tumour type (cutaneous Kiupel low- or high-grade MCT or sub-

cutaneous MCT). Tumour type was included in all multivariable mod-

els, regardless of statistical significance, because distinguishing sub-

cutaneous tumours from cutaneous tumours is prognostically impor-

tant (Newman et al., 2007; Thompson, Pearl, et al., 2011). Cases with

missing datawere omitted from statistical analyses. Survival outcomes

were estimated using the Kaplan–Meier Estimator of Survival Proba-

bility and compared by the log-rank test (outcomes being time toMCT-

related death or secondMCT diagnosis).

Pearson chi-square analysis (χ2) was used to evaluate the frequency
distributions of tumour histological grade and breed in adult and senior

animals, and to determine the histological grade frequencies between

breeds represented by more than 10 animals with cutaneous MCT.

Cellwise residual analysis on two-way contingency table method was

used to establish which demographic group was statistically differ-

ent from the population cohort (Beasley & Schumacker, 1995; García-

pérez &Núñez-antón, 2016). p-Valueswere adjusted tominimise type-

I errors (false-positives) as recommended and previously described

(Beasley & Schumacker, 1995). Dogs with subcutaneous MCTs were

not considered in this analysis due to a limited number of individuals

with subcutaneousMCTwhen segregated by breed.

3 RESULTS

3.1 Evaluable cases

Of the 291 FFPE blocks submitted for this study, 280 were histolog-

ically confirmed cutaneous or subcutaneous MCTs and were sourced

from 248 dogs visiting 130 primary veterinary practices throughout

south and south-eastern Australia. Clinical data were collected from

118 (90.8%) of the 130 primary practices upon agreement to partic-

ipate in the study. Data were not collected from the remaining 12

clinics due to computer system updates at the clinic resulting in loss

of patient records (n = 8), patient-doctor confidentiality restrictions

(n = 2), non-consenting pet owners (n = 1), or close of practice (n = 1).

Consequently, clinical follow-up data were unavailable for 24 animals.

Follow-updatawere unavailable for a further four dogswhichwere not

seen at their primary practice after tumour excision. These dogs were

excluded from the survival analyses. Overall, clinical and survival data

were available for 220 dogs.
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TABLE 1 Population demographics for 220 dogs with cutaneous
or subcutaneousmast cell tumours (MCTs)

Breeda Count (%)

Crossbreed 57 (25.9)

Terrier 57 (25.9)

Gun dog 52 (23.6)

Other 29 (13.2)

Utility dog 25 (11.4)

MultipleMCTs

Single 200 (91.9)

Multiple 20 (9.09)

Age

Senior 141 (64.1)

Adult 79 (35.9)

Sex and neuter status

Female spayed 106 (48.2)

Female entire 20 (9.09)

Male entire 29 (13.2)

Male castrated 65 (11.4)

Tumour anatomical location

Trunk 84 (38.2)

Limb 60 (27.3)

Multiple locations 20 (9.09)

Other 25 (11.4)

Head/neck 18 (8.18)

Paw 8 (3.64)

Tail 5 (2.27)

Tumour size

≤30mm in diameter 179 (81.4)

>30mm in diameter 41 (18.6)

Geographical location

Metropolitan 137 (62.3)

Rural 83 (37.7)

History ofMCT

No 208 (94.6)

Yes 12 (5.45)

Health status at last follow-up

Alive, withoutMCT 128 (58.2)

Alive, withMCT 18 (8.18)

Died/euthanised,MCT-related 46 (20.9)

Died/euthanised,MCT-unrelated 28 (12.7)

Post-surgical treatment

None 198 (90.0)

Cytotoxic chemotherapy 8 (3.64)

Radiotherapy 5 (2.27)

TKI 4 (1.82)

(Continues)

TABLE 1 (Continued)

Breeda Count (%)

Chemotherapywith TKI 3 (1.36)

Chemotherapywith radiotherapy 2 (0.91)

Abbreviation: TKI, tyrosine kinase inhibitor.
aBreeds in this study represented in the ANKC Terrier groups: Stafford-

shire Bull Terrier (31), Jack Russell Terrier (21), Fox Terrier (2), Tenterfield

Terrier (2), Bull Terrier (1); Gun dog group: Labrador Retriever (37), Golden

Retriever (14), German Shepard (1); Other group: Pug (12), Bulldog (5), Aus-

tralian Cattle dog (1), Australian Shetland Sheepdog (1), Beagle (1), Boston

Terrier (1), Bull Arab (1), Chihuahua (1), French Bulldog (1), Kelpie (1), Lhasa

Apso (1), Maltese (1), Poodle (1), Rhodesian Ridgeback (1); and Utility dog

group: Boxer (20), Bernese Mountain dog (2), Bull Mastiff (1), Miniature

Schnauzer (1), and Saint Bernard (1).

3.2 Population demographics

The mean age of the 220 dogs was 8.72 ± 2.79 years (range 3–17

years). Twenty dogs were diagnosed with multiple concurrentMCTs at

the time of surgery; one dog had four cutaneous tumours, three dogs

had three cutaneous tumours, 15 dogs had two cutaneous tumours,

and one dog had one cutaneous tumour and one subcutaneous tumour

(Table 1). Tumours ranged from 3 to 100 mm in diameter (mean size

of 21.0 ± 16.5 mm). Twelve dogs had a history of previous MCT diag-

nosis and the dates for previous tumour diagnosis were known for

eight of these dogs. For these eight dogs, the mean and median time

between historically recorded MCT and the MCT recorded in the cur-

rent study was 1171 ± 638 days and 1142 days, respectively (range

344–2434 days). Insufficient data were available to ascertain whether

the recently excised tumour represented a de novo neoplasm or recur-

renceof thehistorically recordedMCT.AKITexon11 ITDwasdetected

in 9.55% of dogs with MCT (n = 21/220, 95% confidence interval [CI]:

5.66–13.4) (Table 2).

3.3 Clinical outcomes

The median and mean post-excision follow-up time for the 220 dogs

was 548 days and 598 days, respectively. The shortest follow-up time

was recorded as two days for 2 dogs. One of these dogs was seen for

wound re-bandaging and not again thereafter, and the other dog was

diagnosedwith systemic hyperhistaminemia and subsequently died.

Over the study period, 28/220 dogs (12.7%) died for reasons unre-

lated to MCT, 27 dogs (12.3%) experienced documented MCT-related

death and an additional 19 dogs (8.6%) died or were euthanised for

unknown reasons. Thus, MCT accounted for or potentially accounted

for 46 deaths (20.9%). Over the same period, 56 dogs had a second

cutaneous MCT diagnosed and three dogs were of unknownMCT sta-

tus at last follow-up. Thus, 59 dogs (26.8%) developed or potentially

developed a second MCT. The median times to MCT-related death for

the 46 dogs and second MCT diagnosis for the 59 dogs were > 3272

(range 2–3272) days and 1348 (range 2–3272) days, respectively.

The same results were obtained when dogs were censored from
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TABLE 2 Tumour type (cutaneous Kiupel low- or high-grademast cell tumour (MCT) and subcutaneousMCT) with selected key clinical and
molecular features for 220 dogs diagnosedwithMCT

Tumour type Low grade High grade Subcutaneous Total

Count (%) 144 (65.5) 45 (20.5) 31 (14.1) 220 (100)

Incompletemargins 55 (38.2) 26 (57.8) 15 (48.3) 96 (43.6)

Metastasis at surgery 2 (1.39) 8 (17.8) 0 (0.00) 10 (4.55)

Second diagnosis ofMCT 37 (25.7) 16 (35.6) 6 (19.4) 59 (26.8)

KIT exon 11 ITD 1 (0.69) 19 (42.2) 1 (3.23) 21 (9.55)

Abbreviation: ITD, internal tandem duplication.

TABLE 3 Mast cell tumour (MCT)-related death and secondMCT diagnosis by tumour type (cutaneous Kiupel low- or high-gradeMCT and
subcutaneousMCT). At final follow-up of the 220 dogs, 46 dogs died due toMCT and 59 dogs were diagnosedwith a secondMCT

Event Time to event Total Low grade High grade Subcutaneous p-Value

MCT-related death 6months (%) 10.5 4.58a 30.4a 10.4 <0.001

12months (%) 15.6 6.22a 50.3ab 14.4b <0.001

24months (%) 21.5 9.01a 75.4 ab 19.2b <0.001

SecondMCT diagnosis 6months (%) 12.9 10.5a 27.6ab 3.8b 0.008

12months (%) 19 15.6a 42.1ab 8.7b 0.001

24months (%) 31.7 26.3a 66.9ab 33.7b 0.002

aStatistically significant difference indicated between dogs with low- and high-gradeMCTs.
bStatistically significant difference indicated between dogs with subcutaneousMCTs and high-gradeMCTs.

analyses because of unknown cause of death or unknown health status

at final follow-up. Of the 56 dogs diagnosed with a secondMCT, seven

were diagnosed>24months post-initial tumour excision.MCT-related

death rates and the frequency of second MCT diagnosis at 6-, 12- and

24-month post-tumour excision were statistically significantly differ-

ent betweendogswith tumours of different histological grades (Table 3

and Figure 1).

3.4 Predicted MCT-related deaths and diagnosis
of a second MCT

In the univariable analyses for the 220 dogs with MCT, significant pre-

dictors for 6- and/or 12-month canine MCT-related deaths included

KIT exon 11 ITDmutation status, tumour type, age, incomplete tumour

excision,metastasis at the timeof surgery, and thediagnosis of a second

MCT (Table 4). Similarly, significant predictors for secondMCT diagno-

sis at 6 and 12 months were KIT exon 11 ITD mutation status, tumour

type, multipleMCTs, andmetastasis at the time of surgery.

In the multivariable analyses, tumour type, senior age, and con-

firmed metastasis at the time of surgery were statistically signifi-

cant risk factors for predicting 6- and 12-month MCT-related deaths

(Table 5). KIT exon 11 ITD mutations were not significant in the final

multivariable model (p = 0.667), despite a strong relationship with

12-month MCT-related deaths predicted in the univariable analysis

(p< 0.001).

Significant risk factors for a second MCT diagnosis at 6 months in

the multivariable analysis included tumour type and the presence of

multiple concurrent MCTs at initial diagnosis (Table 5). At 12 months,

tumour type (cutaneous Kiupel high-grade), multiple MCTs and con-

firmedmetastasis at the time of surgerywere significant predictors. To

determine whether the low rate of KIT exon 11 ITDs in subcutaneous

MCTs skewed the data, the multivariable analyses were repeated

excluding subcutaneous MCT cases. The same statistical outcomes

were reachedwhereby theKIT exon 11 ITD statuswas not a significant

predictor of MCT-related death or second MCT diagnosis at 6 or 12

month post-surgery.

3.5 Relationships among histological grade, age,
and breed

The proportion of senior dogs with MCTs was higher in Labrador

Retrievers (90.3%, n = 28/31, p < 0.001) and lower in Pugs (16.7%,

n = 2/12, p < 0.001) (Table 6). The frequency of high-grade MCTs was

higher for Labrador Retrievers (45.2%, n= 14/31, p= 0.002) and 100%

of Pugs presented with low-grade MCT. Overall, a higher prevalence

of high-gradeMCTs was observed in senior animals compared to adult

animals, 32.8% (n = 39/119) versus 8.57% (n = 6/70), respectively

(p< 0.001).

3.6 KIT exon 11 ITD correlations with prognostic
indices

In the univariable analysis, MCT KIT exon 11 ITD prevalence was sig-

nificantly correlated with high histological tumour grade (p < 0.001),
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F IGURE 1 Kaplan–Meier curves for (a) mast cell tumour (MCT)-related survival and (b)MCT-free diagnosis, according to tumour type in 220
dogs with low-grade, high-grade, or subcutaneousMCT

incomplete tumour excision (p = 0.031), and confirmed metastasis at

the time of surgery (p<0.001). In the finalmultivariablemodel, tumour

type and confirmed metastasis at the time of surgery were statisti-

cally significant in predicting the likelihood that MCTs would have a

KIT exon 11 ITD (χ2 [3] = 64.862, p < 0.001). The multivariable model

explained 54.6% (Nagelkerke R2) of the variance in ITD mutation fre-

quency of the data and correctly classified 93.2% of cases. Kiupel high-

grade tumours were 80.1 times more likely to have a KIT exon 11 ITD

than Kiupel low-grade tumours in the multivariable model (95% CI:

10.0–640, p< 0.001), whereas therewas no statistically significant dif-

ference in ITD frequency between low-grade and subcutaneous MCTs

(p = 0.237). Confirmed metastasis at the time of surgery was associ-

ated with a 12.3 times increased risk of having a KIT exon 11 ITD (95%

CI: 1.71–88.8, p= 0.013).

4 DISCUSSION

This is the largest retrospective clinical and survival study of canine

MCTs tobepublished fromAustraliandata. In univariable survival anal-

yses of 220 dogswith cutaneous or subcutaneousMCT, dogswith aKIT

exon 11 ITD-mutant tumour had over twice the risk of dogs with non-

ITD-mutant tumours for MCT-related death and second MCT diagno-

sis at 6months (Table 3). After accounting for tumour type in themulti-

variable survival models, the statistical significance of this effect was

lost (Table 5). These findings are in agreement with a recent report

showing that in a multivariable analysis of a group of 149 dogs, KIT

exon 11 ITD mutation was not independent of histological grade as a

statistically significant predictor of overall survival (Horta et al., 2018).

Two older studies reported that a KIT exon 11 ITD was significant
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in multivariable analysis for predicting shorter overall canine survival

and disease-free intervals, but these studies had low sample numbers

(Webster et al., 2008) or failed to include histological grade in the anal-

ysis (Webster et al., 2006). Therefore, the prognostic value of KIT exon

11 ITDmutation status independent of histological grade is debatable.

Consistent with previous reports, the data herein indicate that

dogs with a cutaneous high-grade MCT have a significantly decreased

chance of survival at 6, 12 and 24 months post-surgery compared to

dogs with a cutaneous low-grade or subcutaneous MCT (Kiupel et al.,

2011; Murphy et al., 2004; Newman et al., 2007; Thompson, Pearl,

et al., 2011; Thompson, Yager, et al., 2011). Dogs with subcutaneous

MCTs had similar survival rates to dogs with cutaneous low-grade

MCTs.

Herein, a statistically significantly higher prevalence of high-grade

cutaneous MCTs was diagnosed in senior animals compared to adult

animals, 32.8% versus 8.57% respectively, suggesting that senior dogs

experience more aggressive disease (Mochizuki et al., 2017; Smiech

et al., 2018). An explanation for this is unclear but may be a conse-

quence of selection bias. Pet owners and veterinarians may be less

motivated to investigatebenign-appearing lumps in senior dogs, poten-

tially leading to under-diagnosis of low-grade MCT and consequent

inflation of the prevalence of high-grade MCT in older animals. Alter-

natively, the significance of age in the univariable survival model may

be a result of the predisposition of particular dog breeds for developing

MCTsof differentmalignant phenotypes at different ages. For example,

90% of Labrador Retriever dogs in this study were classified as senior

(≥7 years old) and 45.2%had high-gradeMCTs, whereas 83.3%of Pugs

were classified as adults (<10 years old) and all had low-grade MCTs.

No other correlations with age, breed and histological tumour grade

were observed.

Breeds reported to be susceptible to MCT development vary con-

siderably. Those commonly regarded as being predisposed to MCTs

include breeds of bulldog origin (American and English Staffordshire

Bull Terriers, Boston Terriers, Boxers, French and English Bulldogs, and

Pugs), SharPei dogs,GoldenRetrievers, andLabradorRetrievers (Jaen-

sch, 2008; Leidinger et al., 2014; Mochizuki et al., 2017; Smiech et al.,

2019; Warland & Dobson, 2013). In this study, Labrador Retrievers

were at a statistically significant risk for high-grade MCT diagnosis

at an older age (≥7 years old). Conversely, two studies by the same

group found that Labradors in Poland were at risk for low-grade MCT

development at a younger age, although it is notable that more than

80% of Labrador MCTs were low grade in these studies (4–6 years;

p = 0.006) (Smiech et al., 2019, 2018). In one recent Australian study,

31.3% ofMCTs from Labradors were diagnosed as high-grade tumours

(n = 10/32), although age was not considered in the analysis and the

hazard for high-grade MCT development in Labradors was not signif-

icant (Reynolds et al., 2019). The discrepancies in Labrador-related

risks forMCT developmentmay reflect the geographical differences in

MCT genetics in relatively closed canine populations throughout the

world. A genome-wide association study in Golden Retrievers from

Europe and the United States identified distinct differences in pre-

disposing germ-line genetic factors associated with cutaneous MCT

development in the two populations (Arendt et al., 2015). Additionally,

the KIT exon 11 ITD mutation prevalence in canine MCT populations

studied in Europe is substantially lower than the estimated prevalence

of mutations in canine populations from American studies (Downing

et al., 2002; Giantin et al., 2012; London et al., 1999; Reguera et al.,

2002; Riva et al., 2005; Webster et al., 2006). However, small sample

sizes or selection biasmay confound the results from some studies, and

hence, thesedata shouldbe interpreted cautiously. Additional research

on unbiased larger canine populations is required to explore ostensible

continental differences inMCT genetics.

Aligning with a previous report, dogs with tumours located on

the head/neck or paw had a statistically significant increased risk of

12-month MCT-related death compared to animals with tumours on

the trunk in the univariable analysis (Table 4) (Kiupel et al., 2005).

Dogs with a head/neck tumour were also at a statistically significant

increased risk to be diagnosed with a second MCT at 12 months post-

surgery. The reason for this outcome is obscure and did not remain sig-

nificant in themultivariable model.

Only 9% of animals in this study presented with multiple concur-

rent tumours (n = 20/220), however, up to 21% of all MCT cases have

been documented with multiple lesions (Murphy et al., 2006; Pierini

et al., 2019). There is a debate in the literature regarding the prog-

nostic utility of the presence of multiple MCT lesions (Tamlin et al.,

2020). In the current study, multiple MCTs did not predict decreased

survival, although they were a risk factor for a diagnosis of a second

MCTat6and12months in both theunivariable andmultivariablemod-

els (Tables 4 and 5).

At the time of tumour excision, lymph node metastasis was con-

firmed in 10 dogs with cutaneous MCTs, with a higher frequency

of metastasis in dogs diagnosed with a high-grade MCT (17.8%,

n=8/45) comparedwithdogsdiagnosedwitha low-gradeMCT (1.39%,

n = 2/144) (Table 2). Metastasis was not confirmed in any dogs with

subcutaneous MCT, reflecting the favourable prognosis for dogs with

subcutaneous tumours (Thompson, Pearl, et al., 2011). Lymph node

metastasis has been recorded in 15% of dogs with multiple cutaneous

lesions and in up to 19%of dogswith a single cutaneousmass (n= 8/54

and n = 72/386, respectively) (Mullins et al., 2006; Stefanello et al.,

2015). However, these findings are from the retrospective analyses of

records of a (anonymised) veterinary teaching hospital and a referral

veterinary oncology hospital, whose databases are inherently biased

towards the inclusion of more malignant cases. In the current investi-

gation, many patient records failed to mention the state of local lymph

nodes and the parameters used for cytological or histological confirma-

tion of lymph nodemetastasiswere unspecified, thus limiting the inter-

pretation of these results. The true rate of metastasis is suspected to

be higher than reported here, but lower than that deduced from the

analyses of referral databases.

Dogs with confirmedmetastasis at the time of surgery were 4 times

and 2.95 times more at risk of experiencing 12-month MCT-related

death or a secondMCT diagnosis, respectively, than dogs without con-

firmed metastasis as determined by multivariable analysis (Table 5).

This finding supports reports of poorer prognosis for dogs with histo-

logically diagnosed metastasis to regional lymph nodes in which the 2-

year survival rate post-lymphadenectomy was 56% for dogs with and

90% for dogs without lymph node metastasis (Weishaar et al., 2014).

Lymphadenectomy in dogs with lymph node metastasis has been
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TABLE 4 Univariable hazard ratios (HR) of prognostic factors for 6- and 12-monthmast cell tumour (MCT)-related death and secondMCT
diagnosis for 220 dogs with cutaneous Kiupel low- or high-gradeMCT or subcutaneousMCT

MCT-related death SecondMCT diagnosis

6months 12months 6months 12months

Covariate HR 95%CI p-Value HR 95%CI p-Value HR 95%CI p-Value HR 95%CI p-Value

KIT exon 11 ITD 5.58 2.25–13.9 <0.001* 8.49 4.07–17.7 <0.001* 2.81 1.05–7.50 0.039* 3.28 1.42–7.55 0.005*

Tumour typea 0.001* <0.001* 0.015* 0.008*

Cutaneous Kiupel

low-gradeb
0.000 0.000 0.000 0.000

Cutaneous Kiupel

high-grade

7.68 2.88–20.5 <0.001* 10.0 4.34–23.2 <0.001* 2.87 1.27–6.48 0.011* 2.81 1.36–5.78 0.005*

Subcutaneous 2.65 0.662–10.6 0.168 2.67 0.802–8.85 0.109 0.376 0.049–2.86 0.345 0.537 0.126–2.30 0.402

MultipleMCTs 1.09 0.254–4.68 0.907 0.727 0.173–3.05 0.648 3.6 1.44–9.03 0.006* 3.00 1.31–6.90 0.010*

Breeda 0.308 0.170 0.736 0.394

Crossbreedb 0.000 0.000 0.000 0.000

Gun dog 3.39 0.916–12.5 0.067 2.84 1.00–8.07 0.050 1.70 0.480–6.03 0.410 1.02 0.344–3.05 0.967

Other 1.20 0.201–7.20 0.840 0.709 0.138–3.66 0.682 1.37 0.308–6.14 0.677 1.05 0.306–3.57 0.945

Terrier 1.64 0.391–6.85 0.500 1.38 0.438–4.35 0.582 2.26 0.697–7.35 0.174 2.06 0.831–5.10 0.119

Utility dog 1.51 0.252–9.03 0.652 2.84 0.504–7.00 0.348 1.72 0.385–7.68 0.478 1.01 0.262–3.92 0.984

Senior age 11.6 1.56–86.8 0.017* 8.51 2.03–35.7 0.003* 1.26 0.546–2.93 0.584 1.14 0.562–2.30 0.723

Sex and neuter

statusa
0.770 0.479 0.956 0.783

Female entireb 0.000 0.000 0.000 0.000

Female spayed 1.58 0.565–4.44 0.382 1.37 0.595–3.15 0.461 1.06 0.415–2.68 0.910 0.980 0.445–2.16 0.961

Male entirec – – – 0.303 0.038–2.42 0.261 1.39 0.408–4.76 0.597 1.46 0.529–4.00 0.468

Male castrated 2.03 0.485–8.50 0.332 1.29 0.342–4.87 0.706 0.994 0.206–4.79 0.994 0.693 0.152–3.16 0.636

Tumour anatomical

locationa
0.176 0.052 0.138 0.098

Trunkb 0.000 0.000 0.000 0.000

Head/neck 2.00 0.517–7.73 0.316 3.45 1.20–9.95 0.022* 2.57 0.643–10.3 0.182 3.13 1.02-9.58 0.045*

Limb 0.781 0.229–2.67 0.693 1.37 0.513–3.65 0.531 1.63 0.548–4.86 0.379 1.74 0.688–4.42 0.241

Multiple 1.23 0.256–5.94 0.794 1.06 0.225–4.99 0.941 4.83 1.56–15.0 0.006* 4.27 1.55–11.8 0.005*

Other 0.472 0.058–3.84 0.483 0.410 0.051–3.28 0.400 0.553 0.067–4.59 0.583 0.803 0.171–3.78 0.782

Paw 5.15 1.33–19.9 0.018* 4.77 1.26–18.0 0.021* 2.12 0.255–17.6 0.487 1.64 0.205–13.1 0.641

Tail 2.05 0.252–16.7 0.502 3.68 0.781–17.3 0.099 2.36 0.284–19.6 0.426 1.80 0.224–14.5 0.581

Tumour size(>30mm) 1.52 0.558–4.16 0.411 1.57 0.675–3.67 0.294 1.19 0.447–3.18 0.726 0.867 0.335–2.24 0.769

Incomplete tumour

excision

1.37 0.588–3.26 0.455 2.17 1.03–4.57 0.041* 1.38 0.631–3.03 0.418 1.82 0.971–3.60 0.087

Geographical location 1.09 0.450–2.62 0.853 1.39 0.673–2.85 0.377 0.969 0.428–2.19 0.940 1.10 0.549–2.19 0.793

Metastasis at time of

surgery

7.19 2.63–19.7 <0.001* 10.4 4.56–23.5 <0.001* 4.37 1.50–12.8 0.007* 4.50 1.73–11.7 0.002*

Second diagnosis of

MCT

1.57 0.649–3.78 0.318 2.27 1.11–4.64 0.025* – – – – – –

History ofMCT 0.774 0.104–5.77 0.803 1.10 0.263–4.63 0.894 0.658 0.089–4.87 0.682 0.467 0.064–3.41 0.453

Abbreviations: CI, confidence interval; ITD, internal tandem duplication.

Variables were considered statistically significant at a p-value< 0.050 (*) using a univariable Cox proportional hazards regression analysis.
aFor categorical variables with≥3 sub-groups, a p-value is calculated to imply the overall statistical value of the categorical variable. The sub-groups are then

analysed independently against a reference group andHRs can be calculated.
bReference group for analysis indicated by HRs of 0.000.
cZero intact males at 6months had experiencedMCT-related death so the statistical comparisonwas not possible.
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TABLE 5 Multivariable hazard ratios (HR) of prognostic factors for 6- and 12-monthmast cell tumour (MCT)-related death and secondMCT
diagnosis for 220 dogs with cutaneous or subcutaneousMCTs

MCT-related death SecondMCT diagnosis

Covariate HR 95%CI p-Value HR 95%CI p-Value

6months

Tumour typea 0.043* 0.018*

Cutaneous Kiupel low-gradeb 0.000 0.000

Cutaneous Kiupel high-grade 3.89 1.34–11.3 0.013* 2.91 1.29–6.57 0.010*

Subcutaneous 2.43 0.606–9.75 0.210 0.458 0.059–3.53 0.454

MultipleMCTs N/A 3.31 1.31–8.35 0.011*

Senior age 7.71 1.01–59.0 0.049* N/A

Metastasis at time of surgery 3.55 1.17–10.8 0.025* N/A

12months

Tumour typea 0.003* 0.095

Cutaneous Kiupel low-gradeb 0.000 0.000

Cutaneous Kiupel high-grade 4.99 2.00–12.4 < 0.001* 2.24 1.00–4.98 0.047*

Subcutaneous 2.47 0.742–8.22 0.141 0.655 0.151–2.84 0.572

MultipleMCTs N/A 3.04 1.30–7.09 0.017*

Senior age 5.83 1.36–25.1 0.018* N/A

Metastasis at time of surgery 5.11 2.04–12.8 <0.001* 2.95 1.01–8.56 0.047*

Note: N/A: not included in themodel.
aFor categorical variables with≥3 sub-groups, a p-value is calculated to imply the overall statistical value of the categorical variable. The sub-groups are then

analysed independently against a reference group andHRs can be calculated.
bReference group for analysis indicated by the HRs of 0.000.

TABLE 6 Breed demographics for 189 dogs with cutaneousmast
cell tumour used for analysing the relationship between canine breed,
age (years), and histological grade

Breed group

Number of senior

dogs (%)

Age considered to be

senior

Crossbreed 30/49 (61.2) Dependant on breed

size

Boxer 11/18 (61.1) ≥7 years

Golden Retriever 8/14 (57.1) ≥7 years

Jack Russell Terrier 12/18 (66.7) ≥10 years

Labrador Retriever 28/31 (90.3) ≥7 years

Other 10/20 (50.0) Dependant on breed

size

Pug 2/12 (16.7) ≥10 years

Staffordshire Bull Terrier 17/27 (63.0) ≥8 years

associated with a statistically significant increased probability of 12-

month survival (94% in 35 dogs with versus 78% in 20 dogs without

lymphadenectomy) and with a statistically significantly longer median

time to MCT progression (median time not reached in 81 dogs with

versus 170 days in 71 dogs without lymphadenectomy) (Baginski et al.,

2014;Marconato et al., 2018).

In the current study, no statistically significant associations were

discovered between KIT exon 11 ITD status and breed, sex, or neuter

status. No correlations were observed between the risk of MCT-

related death or secondMCT diagnosis and sex, neuter status, tumour

size, or incomplete tumour excision. Nonetheless, the use of these indi-

cators in prognosis is evident in some literature, and they should be not

be overlooked (Kiupel, 2016; Pierini et al., 2019;White et al., 2011).

Other prognostic variables important in mast cell malignancy and

canineMCT prognosis include immunohistochemical evaluation of the

Kit protein staining pattern and assessment of the proliferative mark-

ersAgNORandKi-67.Analyses of these factorswerebeyond the scope

of the current research and their use in prognosis has been summarised

elsewhere (Blackwood et al., 2012; Kiupel & Camus, 2019).

This research was restricted to the data available from the retro-

spective review of patient clinical records from the participating pri-

mary veterinary clinics. Consequently, the data were limited regarding

the cytological or histological parameters used for the detection and

confirmation of tumour metastasis at the time of excision and this was

further affected by interpreter bias between clinicians and between

veterinary practices. Further, the de novo or recurrent/metastatic ori-

gin of secondary lesions could not be determined from the recorded

data. A prospective study design would have allowed more accurate

data collection.
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5 CONCLUSIONS

The relationships between prognostic, clinical, and survival data for

cutaneous or subcutaneous MCTs in dogs presented to first opin-

ion veterinary practices in south and south-eastern Australia were

explored. After including tumour type in themultivariablemodels, dogs

with KIT exon 11 ITD-mutant MCTs were not at an increased risk of

MCT-related death or second MCT diagnosis. The diagnosis of a cuta-

neous Kiupel high-grade MCT was a statistically significant risk factor

for 6- and 12-month MCT-related death and second MCT diagnosis,

highlighting histological grade as the single most important prognos-

tic factor for dogs with cutaneous MCT. Still, it should be emphasised

that no single clinical parameter should be used to define the prognosis

for any given patient. Simultaneous assessment of clinical, pathologi-

cal, and molecular parameters is likely to provide the most informed

decision concerning patient prognosis and tumour therapeutic man-

agement.

An additional finding inferred from this work surrounds the pre-

disposition of senior Australian Labrador Retriever dogs for develop-

ing high-gradeMCTs. This tendencymay suggest an underlying genetic

predisposing element within this breed.
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