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Abstract

Background: mast cell tumor (MCT) is one of the most common neoplasms in dogs, and
histological grading is critical for its prognosis. However, there is limited local information on the
influence of factors such as sex, age, breed, and anatomic location of the lesion on the malignant
grade of this neoplasm. These factors are important for risk assessment and understanding the
biological behavior of the tumor. Objective: to evaluate the association between risk factors (sex,
age, breed, anatomical location) and histological grade of MCTs diagnosed at the Laboratorio de
Patologia Animal of the Universidad de Antioquia between 2019 and 2023. Methods: this is a
retrospective study based on histopathology reports, 3468 canine biopsies were identified, of which
363 cases were diagnosed by cutaneous MCTs. Data on the year of the report and tumor
classification were included. Statistical analysis included relative frequencies, and the risk of
developing low-grade (LG) or high-grade (HG) MCT was estimated using univariable analysis
with the Fisher exact test to determine odds ratios (ORs) with 95% confidence intervals (CI).
Results: In all canine MCT reports, 74.7% were LG and 25.3% were HG. Males and females
presented with equal frequency of tumor regardless of grade (round up to 50.0%). Patients aged 5-
8 years had a higher risk for LG-MCT (OR = 2.16, CI 1.32, 3.52), while those aged 9-12 years had
a higher risk for HG-MCT (OR =2.10, CI 1.30, 3.39). The French Bulldog breed had an increased
risk for HG-MCT (OR =5.77, C1 1.96, 16.96). Pitbull, Mixed, and Pug breeds were most frequently
diagnosed with the neoplasm, with no risk for a specific histologic grade. The most common
location was the trunk, with 23.9% of HG and 21.4% of LG cases, with no statistical differences.
Conclusions: the findings allowed to identify the risk associated with age and breed with the
development of more aggressive forms of the tumor; other variables such as sex did not have an

influence. This information may be relevant for clinical management and early risk prediction.
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Resumen

Antecedentes: el mastocitoma (MCT) es una de las neoplasias mas comunes en caninos, y la
gradificacion histoldgica es crucial para su pronodstico. Sin embargo, existe poca informacion local
sobre la influencia de factores como el sexo, la edad, la raza y la localizacion anatomica de la lesion
sobre el grado de malignidad de esta neoplasia. Estos factores son importantes para evaluar los
riesgos y entender el comportamiento biologico del tumor. Objetivo: evaluar la asociacion entre
los factores de riesgo (sexo, edad, raza, localizacion anatémica) y el grado histologico de los MCTs
diagnosticados en el Laboratorio de Patologia Animal de la Universidad de Antioquia entre 2019
y 2023. Métodos: estudio retrospectivo basado en informes histopatolégicos, se identificaron 3468
biopsias caninas, 363 tuvieron diagnostico de MCT cutaneo. Se incluyeron datos sobre el afio del
informe, el perro y la clasificacion del tumor. El andlisis estadistico incluy6 frecuencias relativas,
y el riesgo de desarrollar MCT de bajo grado (LG) o alto grado (HG) se estim6 mediante analisis
univariable con la prueba exacta de Fisher para determinar odds ratios (OR) con intervalos de
confianza (IC) del 95%. Resultados: de todos los informes de MCT, el 74.7% fueron de LG y
25.3% de HG. Machos y hembras presentaron la misma frecuencia de tumor independientemente
del grado (alrededor del 50,0%). Pacientes de 5 — 8 afios mostraron mayor riesgo para LG-MCT
(OR =2.16, CI 1.32, 3.52), mientras que, de 9 — 12 afios a HG-MCT (OR = 2.10, CI 1.30, 3.39).
La raza Bulldog Francés tuvo un mayor riesgo para el HG-MCT (OR =5.77, C1 1.96, 16.96) y las
razas Pitbull, Mestizo y Pug, fueron las mas frecuentemente diagnosticadas con la neoplasia, sin
riesgo por un grado histologico especifico. La localizacion mas comun fue el tronco, con 23.9% de
casos de HG y 21.4% de LG, sin diferencias estadisticas. Conclusiones: los hallazgos permitieron
identificar el riesgo asociado a la edad y a la raza con el desarrollo de formas mas agresivas del
tumor, otras variables como el sexo no tienen influencia. Esta informacion puede ser relevante para

el manejo clinico y la prediccion temprana del riesgo.

Palabras clave: canino, clasificacion de Kiupel; edad; factores de riesgo; grado histologico;

mastocitoma, piel; prondstico, raza,; sexo.

Resumo

Antecedentes: o tumor de mastocitos (MCT) ¢ uma das neoplasias mais comuns em caninos, € a

classificag@o histoldgica ¢ crucial para seu progndstico. No entanto, ha poucas informagdes locais



sobre a influéncia de fatores como sexo, idade, raca e localizagdo anatdmica da lesdo no grau de
malignidade dessa neoplasia. Esses fatores sdo importantes para a avaliacdo de risco e para a
compreensdo do comportamento bioldgico do tumor. Objetivo: avaliar a associagdo entre os
fatores de risco (sexo, idade, raga, localizagdo anatomica) e o grau histolégico dos MCTs
diagnosticados no Laboratorio de Patologia Animal da Universidad de Antioquia entre 2019 e
2023. Métodos: estudo retrospectivo baseado em relatdrios histopatologicos, foram identificadas
3.468 biopsias caninas, sendo que 363 foram diagnosticadas com MCT cutaneo. Foram incluidos
dados sobre o ano do laudo, o cdo e a classificacdo do tumor. A analise estatistica incluiu
frequéncias relativas, e o risco de desenvolvimento de MCT de baixo grau (LG) ou alto grau (HG)
foi estimado por analise univariada usando o teste exato de Fisher para determinar as razdes de
chances (OR) com intervalos de confian¢a (IC) de 95%. Resultados: de todos os relatos de MCT,
74,7% eram LG e 25,3% HG. Machos e fémeas apresentaram a mesma frequéncia de tumores,
independentemente do grau (cerca de 50,0%). Pacientes com idade entre 5 ¢ 8 anos apresentaram
maior risco de LG-MCT (OR = 2,16, IC 1,32, 3,52), enquanto os pacientes com idade entre 9 ¢ 12
anos apresentaram HG-MCT (OR = 2,10, IC 1,30, 3,39). A raca Bulldog Francés teve um risco
aumentado de HG-MCT (OR = 5,77, IC 1,96, 16,96) e as racas Pitbull, Mestico e Pug foram as
mais frequentemente diagnosticadas com a neoplasia, sem risco para um grau histologico
especifico. A localizagdo mais comum foi o tronco, com 23,9% dos casos de HG e 21,4% de LG,
sem diferengas estatisticas. Conclusdes: os achados permitiram identificar o risco associado a
idade e a raga para o desenvolvimento de formas mais agressivas do tumor; outras variaveis, como
0 sexo, nao tém influéncia. Essas informacdes podem ser relevantes para o gerenciamento clinico

e a previsao de risco precoce.

Palavras-chave: canino, classifica¢do de Kiupel; fatores de risco, grau histologico, idade; tumor

de mastocitos, pele; prognostico; raga; sexo.

Introduction

Mast cell tumor (MCT) is a neoplastic skin disease caused by mast cells, round connective tissue
cells histologically characterized as ovoid with a central nucleus and grayish cytoplasm with

abundant intracytoplasmic granules (Meuten, 2017). Although the cause of this neoplasm is



unknown, a mutation in the c-kit gene, a proto-oncogene signaling cell proliferation, has been

postulated as particularly relevant (Vicario et al., 2018).

MCT is the most frequently diagnosed malignant round cell tumor in the skin of dogs (Vicario et
al., 2018). According to Kiupel et al. (2011), this condition accounts for 7-21% of cases. There are
reports that associate the presentation and development of the neoplasm with variables such as sex,
age, and breed, although the results are not always consistent. For instance, one study indicated a
higher proportion of MCT in females (O’Connell ef al., 2013), while another showed no sex
association (Shoop et al., 2015). Several authors have reported greater susceptibility between the
ages of 7 and 10 years (Shoop et al., 2015; Torres et al., 2006; Millan, 2021). The breeds with the
highest incidence are Boxer, Pug, Weimaraner (Lozano et al., 2016), and Golden Retriever (Milléan,
2021). The most frequently reported anatomical locations were the trunk and extremities, with a

lower prevalence in the head (Rojas, 2017).

Although there is no definitive parameter to predict the biological behavior of a tumor,
histopathological analysis is essential to confirm its tissue origin and to assign a malignancy grade.
In MCT, the grade depends on factors such as the number of mitoses, the presence of
multinucleated cells, and karyomegaly (Kiupel et al., 2011). High-power field (HPF) mitotic count
has been shown to predict the biological behavior and prognosis of canine MCT in 90-95% of cases
(Meuten, 2017). There are several grading systems, one of which is widely used by Kiupel.
Consequently, low-grade MCT (LG-MCT) has minimal recurrence and an estimated survival of 3-
4 years (Meuten, 2017; Lozano et al., 2016), whereas high-grade cases (HG-MCT) show survival
of less than 4 months (Lozano et al., 2016). The main causes of euthanasia are recurrence, lymph

node metastasis, and the development of mastocytosis (Meuten, 2017).

The lack of precise data in local veterinary practice regarding the correlation between risk factors
and histological grade highlights the need for further investigation. To date, no studies have been
conducted in this area. This study evaluated the association between sex, age, breed, anatomical
location, and histological grade based on Kiupel’s two-stage malignancy classification (Kiupel et
al., 2011) using cases previously examined at the Laboratorio de Patologia Animal of the

Universidad de Antioquia (2019-2023).



Materials and Methods
Ethical considerations

The study involved the analysis of information obtained during routine histopathological
examination in the Laboratorio de Patologia Animal of the Universidad de Antioquia with prior
authorization from the laboratory’s Technical Direction. Approval from an ethical committee on

animal experimentation was not necessary.
Study population and data collection

Inclusion criteria were MCT cases diagnosed within the study period, with data extracted on the
year of the case report, sex, age, breed, and tumor characteristics (including location and histologic
grade). Histological grading was based solely on Kiupel's 2-tier system, which classifies MCTs as
HG-MCT if they have any of the following features: mitotic count >7 per 10 high-power fields
(HPF), >3 multinucleated cells per 10 HPF, >3 bizarre nuclei per 10 HPF, or marked karyomegaly.
Tumors lacking these criteria are classified as LG-MCT (Kiupel et al., 2011). This histologic
classification system has been shown to be more consistent and less ambiguous than others in
predicting the biological behavior of MCT (Kiupel et al., 2011). Reports presented in a different

grading system and variable categories with fewer than five cases were not included in the analysis.
Statistical analysis

Data from the reports were entered into Excel worksheets (Microsoft Corp., Redmond, WA, USA).
A reference group was defined for each respective analysis. To compare the overall risk of
developing MCT, all canine histopathologic biopsy reports for various causes during the study
period were considered. To evaluate the grading in contrast to the variable sex, age, breed, and
anatomical localization, the reference group was the reports with a specific MCT diagnosis.
Descriptive statistics are reported as absolute and relative frequencies. The risk of MCT, HG-MCT,
and LG-MCT were assessed by the odds ratio (OR). Univariate analysis with the Fisher’s exact
test was used to calculate the OR with 95% confidence intervals (CI). For each variable, ORs were
calculated by comparing the incidence in the analyzed category with the number of reports in the
corresponding reference group. An OR was considered statistically significant if the 95% CI

excluded the value 1. All analyses were performed using Infostat/L® software, version 2020.



Results

During the years included in the study, 3468 canine cases were received, of which 363 biopsy
reports were diagnosed as MCT. Of these, 25.3% (92/363) were classified as high grade (HG), and
74.7% (271/363) were classified as low grade (LG). Samples were submitted by several veterinary
institutions located in the region of Valle de Aburrad (Antioquia, Colombia) and surrounding areas.

Detailed data are presented in Table 1.

Table 1. Distribution of MCT cases according to histological grade at the Laboratorio de Patologia
Animal of the Universidad de Antioquia during the analyzed period, 2019-2023.

No. of

Year consultations 1\17[(():;; High grade "/;rI:(ilgeh Low grade ogr;(;y
2019-2023
2019 684 73 18 19.6 55 20.3
2020 487 49 17 18.5 32 11.8
2021 639 60 19 20.7 41 15.1
2022 816 89 21 22.8 68 25.1
2023 842 92 17 18.5 75 27.7
Total 3468 363 92 25.3 271 74.7

Sex and histologic grade

The diagnosis of MCTs was distributed almost equally between males and females, representing

11.5% (184/1,598) and 9.6% (179/1,870) of the total cases for each sex, respectively (Table 2).

Table 2. Distribution of MCT cases according to sex in canine patients diagnosed at the Laboratorio
de Patologia Animal of the Universidad de Antioquia (2019 - 2023).

No. of consultations  No. of o OR o
Sex / Grade 2019-2023 MCTs % MCTs MCTs CI 95%
Males 1598 184 11.5 1.36 1.04, 1.69
Females 1870 179 9.6 0.92 0.74,1.14
Total 3468 363

OR: Odds Ratio; CI: Confidence Interval; % MCTs: percentage of MCTs within the total number of consultations by each sex during the
study period (e.g., Males: 184 x 100/ 1598 = 11.5%).



Considering the total number of cases by histological grade, 50.0% (46/92) of the HG-MCT cases
were reported in males, with an equal percentage observed in females (50.0%, 46/92). For LG-
MCT, 50.9% (138/271) of cases occurred in males and 49.1% (133/271) in females. When
analyzing the total number of cases by sex, males were slightly more affected by LG-MCT, with
138 of 184 cases (75.0%), followed by females with 133 of 179 cases (74.3%). Conversely, females
had a slightly higher frequency of HG-MCT, with 46 of 179 cases (25.7%), compared to males
with 46 of 184 cases (25.0%). No statistical difference was observed between sex and histological
grade (Table 2.1).

Table 2.1. Distribution of high- and low-grade MCT cases by sex in canine patients diagnosed at the
Laboratorio de Patologia Animal of the Universidad de Antioquia (2019 - 2023), n = 363.

% %
. % High OR % Low OR
High . . Low
Sex/Grade rade High grade High CI95% rade Low grade Low CI95%
8 grade MCTs grade grade MCTs grade
per sex per sex
Males 46 50.0 250 096 0.60,1.54 138 509 75.0 1.04 0.65,1.66
Females 46 50.0 25.7 1.04 0.65,1.66 133 49.1 74.3 0.96 0.60, 1.54
Total 92 100 271 100

OR: Odds Ratio; CI: Confidence Intervals; % High-grade and % Low-grade: percentage of each sex among all HG and LG-MCT cases,
respectively (e.g., Males: 46 x 100 /92 = 50.0% and 138 x 100 /271 = 50.9%); % High-grade and % Low-grade MCTs per sex: percentage
of HG and LG-MCTs within the total number of MCT cases for each sex (e.g., Males: 46 x 100 / 184 = 25.0% and 138 x 100 / 184 =
75.0%).

Age range and histologic grade

The variable age was evaluated considering the ranges 1 - 4, 5 - 8, 9-12 and 13-16 years. The
diagnosis of MCT was 8.2% (31/378), 13.6% (177/1306), 9.2% (130/1410) and 6.7% (25/374)
within each of these ranges, respectively. A higher risk of MCT presentation was observed in
patients aged 5-8 years, with a statistical difference (OR = 1.82, CI 1.47, 2.27) with respect to the

total number of animals diagnosed with the neoplasm in the other age categories (Table 3).



Table 3. Distribution of MCT cases according to age range in canine patients diagnosed at the
Laboratorio de Patologia Animal of the Universidad de Antioquia (2019 - 2023).

. No. of % OR
Age / Grade No. of consultations 2019-2023 MCTs MCTs MCTs CI 95%
1-4 378 31 8.2 0.83 0.57,1.22
5-8 1306 177 13.6 1.82 1.47,2.27
9-12 1410 130 9.2 0.90 0.72,1.12
13-16 374 25 6.7 0.66 0.43,1.00
Total 3468 363

OR: Odds Ratio; CI: Confidence Intervals; Bold: Statistical difference; % MCTs: percentage of MCTs among the total number of consultations

by age group during the study period (e.g., age 1-4 years: 31 x 100 /378 = 8.2%).

Regarding histological grade, the highest frequency of HG-MCT cases was observed in patients
aged 9-12 years (48.9%, 45/92), followed by those aged 5—8 years (34.8%, 32/92), 13—16 years
(9.8%, 9/92), and 1-4 years (6.5%, 6/92). LG-MCT cases were most common in the 5 — 8-year age
group (53.5%, 145/271), followed by 9—12 years (31.4%, 85/271), 1-4 years (9.2%, 25/271), and
13—16 years (5.9%, 16/271). A detailed analysis by age is presented in Table 3.1. Statistical
difference was observed between age range and histologic grade, showing that patients aged 5—8
years had a lower risk of developing HG-MCT (OR = 0.46, CI1 0.28, 0.76) and a higher risk of LG-
MCT (OR = 2.16, CI 1.32, 3.52), while those aged 9—12 years had a higher risk of HG-MCT (OR
=2.10, CI 1.30, 3.39) and a lower risk of LG-MCT (OR = 0.48, C1 0.30, 0.77).

Table 3.1. Distribution of high- and low-grade MCT cases according to age range in canine patients

diagnosed at the Laboratorio de Patologia Animal of the Universidad de Antioquia (2019 - 2023), n = 363.

o, Hich % L
High % High /oratif OR Low % /ora(;)ew OR
Age/Grade 2! 0 UIBL 8 High  CI95% Low _ % Low  CI95%
grade grade MCTs per rade MCTs per
rade grade rade
age range age range
1-4 6 6.5 19.4 0.69 028,168 25 9.2 80,6 1.46  0.59,3.57
5-8 32 34.8 18.1 046 0.28,0.76 145 535 81,9 216  1.32,3.52
9-12 45 48.9 34.6 210 130,339 85 314 65,4 048  0.30,0.77
13-16 9 9.8 36.0 1.73  0.75,3.99 16 59 64,0 0.58  0.25,1.33
Total 92 271

OR: Odds Ratio; CI: Confidence Intervals; Bold: Statistical difference; % High-grade and % Low-grade: percentage of each age group within the total number of HG and LG-MCT
cases, respectively (e.g., age 1-4: 6 X 100 /92 = 6.5% and 25 x 100/ 271 = 9.2%); % High-grade and % Low-grade MCTs per age group: percentage of HG and LG-MCTs within

the total number of MCTs for each age group, respectively (e.g., age 1-4: 6 x 100 /31 = 19.4% and 25 x 100 / 31 = 80.6%).



Breed and histologic grade

The risk associated with this variable was calculated by breed. Note that the breeds were not equally
represented in the total number of cases evaluated. The breeds with the highest frequency of MCT
presentation were Pug (35.5%, 43/121), Boston Terrier (23.0%, 17/74), Pitbull (22.2%, 97/437)
and Weimaraner (21. 7%, 5/23), whereas breeds with a lower frequency of MCT presentation were
Mixed Breeds (6.8%, 78/1142), Cocker Spaniel (5.6%, 6/107), Poodle (3.8%, 6/160) and Beagle
(3.5%, 7/202). The Pug (OR = 5.77, CI 3.91, 8.50), Boston Terrier (OR = 2.93, CI 1.69, 5.05),
Pitbull (OR = 3.25, CI 2.51, 4.21), and Weimaraner (OR = 2.67, CI 1.03, 6.97) breeds showed
statistical differences suggesting a higher risk of developing MCT, whereas Mixed-breeds (OR =
0.60, CI1 0.46, 0.78), Cocker Spaniel (OR =0.36, C10.16, 0.80), Poodle (OR =0.36, C10.16, 0.80),
and Beagle (OR = 0.33, CI1 0.16, 0.69) had a lower risk (Table 4).

The Pitbull, Mixed-breed, and Pug had the highest frequency of MCTs, accounting for 58.8% of
HG-MCT and 60.5% of LG-MCT cases. The remaining pure breeds accounted for 41.2% of HG-
MCT and 39.5% of LG-MCT cases. When considering the number of cases per breed, the Boston
Terrier was the breed most affected by LG-MCT. 15 out of 17 cases (88.2%) were diagnosed with
this condition. This was followed by Springer Spaniel with 6 of 7 cases (85.7%), Poodle with 5 of
6 cases (83.3%), Labrador Retriever with 23 of 27 cases (81.5%), and Golden Retriever with 16 of
20 cases (80.0%) diagnosed with LG-MCT. In contrast, the breed most affected by HG-MCT was
the French Bulldog, with 9 of 14 cases (64.3%) classified as HG-MCT. The Bulldog also showed
a notable frequency, with 4 of 7 cases (57.1%) diagnosed with HG-MCT. A statistical difference
between breed and histological grade was observed in the French Bulldog breed, which had a
higher risk of developing HG-MCT (OR = 5.77, C1 1.96, 16.96) and a lower risk of LG-MCT (OR
=0.17,CI10.06, 0.51) (Table 4.1).



Table 4. Distribution of MCT cases according to breed in canine patients diagnosed at the Laboratorio de Patologia Animal of the Universidad de
Antioquia (2019 - 2023).

Breed / Grade No. Consultations 2019-2023 No. of MCTs % MCTs OR MCTs CI195%
Pitbull 437 97 222 3.25 2.51,4.21
Mix-breed 1142 78 6.8 0.60 0.46, 0.78
Pug 121 43 355 5.77 3.91, 8,50
Labrador 244 27 11.1 1.19 0.79, 1.80
Golden Retriever 201 20 10.0 1.05 0.66, 1.68
Boston Terrier 74 17 23.0 2.93 1.69, 5.05
French Bulldog 156 14 9.0 0.94 0.54, 1.62
Schnauzer 229 14 6.1 0.60 0.35, 1.04
Pinscher 137 10 7.3 0.74 0.39, 1.41
Beagle 202 7 3.5 0.33 0.16, 0.69
Bulldog 130 7 5.4 0.53 0.25,1.12
Springer Spaniel 43 7 16.3 1.87 0.85,4.14
Poodle 160 6 3.8 0.36 0.16, 0.80
Cocker Spaniel 107 6 5.6 0.36 0.16, 0.80
Fox Terrier 62 5 8.1 0.83 0.35,2.02
Weimaraner 23 5 21.7 2.67 1.03, 6.97
Total 3468 363

OR: Odds Ratio; CI: Confidence Intervals; Bold: Statistical difference; % MCTs: percentage of MCTs within the total number of consultations per breed during the study period (e.g., Pitbull: 97 x 100 / 437 = 22.2%).



Table 4.1. Distribution of high- and low-grade MCT cases according to breed in canine patients diagnosed at the Laboratorio de Patologia Animal of the

Universidad de Antioquia (2019 - 2023), n = 363.

Breed / Grade High grade % High % High grade  OR High CI95% Low grade % Low grade % Low grade OR CI95%
MCTs grade MCTs MCTs per breed grade MCTs MCTs MCTs per breed Low grade
Pitbull 26 28.3 26.8 0.90  0.53,1.52 71 26.2 73.2 1.11 0.66, 1.88
Mix-breed 18 19.6 23.1 0.86  0.48,1.53 60 22.1 76.9 1.17 0.65,2.10
Pug 10 10.9 233 1.14 054,238 33 12.2 76.7 0.88 0.42,1.84
Labrador 5 5.4 18.5 0.65 0.25,1.70 22 8.1 81.5 1.54 0.59, 4.03
R(;’Zli‘iizr 4 43 20.0 072 0.25,2.11 16 5.9 80.0 138 047,402
Boston Terrier 2 22 11.8 038  0.10, 1.47 15 55 88.2 2.64 0.68,10.24
French Bulldog 9 9.8 64.3 577  1.96,16.96 5 1.8 35.7 0.17 0.06, 0.51
Schnauzer 3 3.3 21.4 126  0.37,4.25 11 4.1 78.6 0.80 0.24,2.70
Pinscher 3 3.3 30.0 0.79  0.22,2.86 7 2.6 70.0 1.27 0.35,4.62
Beagle 2 2.2 28.6 1.18 0.26, 5.37 5 1.8 71.4 0.85 0.19,3.84
Bulldog 4 43 57.1 406  0.98,16.76 3 1.1 429 0.25 0.06, 1.02
Springer Spaniel 1 1.1 14.3 206  0.34,12.36 6 22 85.7 0.49 0.08,2.91
Poodle 1 1.1 16.7 1.71  0.28,10.57 5 1.8 83.3 0.58 0.09,3.61
Cocker Spaniel 2 2.2 33.3 1.48 0.31,7.09 4 1.5 66.7 0.67 0.14,3.22
Fox Terrier 1 1.1 20.0 0.73  0.11,4.73 4 1.5 80.0 1.36 0.21,8.78
Weimaraner 1 1.1 20.0 0.73  0.11,4.73 4 1.5 80.0 1.36 0.21,8.78
Total 92 100 271 100

OR: Odds Ratio; CI: Confidence Intervals; Bold: Statistical difference; % High-grade and % Low-grade: percentage of each breed within the total number of HG and LG-MCT cases, respectively (e.g., Pitbull: 26 x 100 / 92 = 28.3% and 71 x

100 /271 =26.2%); % High-grade and % Low-grade MCTs per breed: percentage of HG and LG-MCTs within the total number of MCTs for each breed, respectively (e.g., Pitbull: 26 x 100 /97 =26.8% and 71 x 100 / 97 = 73.2%).



Anatomical localization and histologic grade

During the study period, the anatomical location of the MCT was not specified in 16.1% of cases
(200/1242). In cases where the anatomical location was known, the distribution of MCTs was as
follows: limbs 15.6% (56/360), trunk 6.8% (80/1185), and head 4.0% (27/681). Statistical
differences were observed, with higher risk of neoplasia in the trunk (OR = 1.71, CI 1.32, 2.22),
limbs (OR = 1.86, CI 1.37, 2.54), or non-specified anatomical location (OR =2.62, C1 2.11, 3.26),
and lower risk in the head (OR = 0.34, C1 0.23, 0.51) (Table 5).

Table 5. Distribution of MCT cases according to anatomical localization in canine patients diagnosed

at the Laboratorio de Patologia Animal of the Universidad de Antioquia (2019 - 2023).

No. of

Anatomical No. of
consultations % MCTs OR MCTs CI95%

localization / Grade MCTs

2019-2023
Head 681 27 4.0 0.34 0.23, 0.51
Trunk 1185 80 6.8 1.71 1.32,2.22
Limbs 360 56 15.6 1.86 1.37,2.54
No specified 1242 200 16.1 2.62 2.11, 3.26
Total 3468 363

OR: Odds Ratio; CI: Confidence Intervals; Bold: Statistical difference; % MCTs: percentage of MCTs within the total number of

consultations by anatomical localization during the study period, e.g., Head: 27 x 100 / 681 = 4.0%.

In terms of histological grade, cases in which the anatomic location was not specified had the
highest frequency of both HG and LG lesions: 57.6% (53/92) for HG-MCT and 54.2% (147/271)
for LG-MCT. HG-MCTs were also frequently observed in the trunk (23.9%, 22/92), extremities
(10.9%, 10/92), and head (7.6%, 7/92). Similarly, LG-MCT was spread over the trunk (21.4%,
58/271), extremities (17.0%, 46/271), and head (7.4%, 20/271). No statistical differences were

found between the anatomic location and histological grade (Table 5.1).



Table 5.1. Distribution of high- and low-grade MCT cases according to anatomical localization in
canine patients diagnosed at the Laboratorio de Patologia Animal of the Universidad de Antioquia (2019

-2023), n = 363.

% High % Low-
Anatomical % grade OR % grade OR
High Low
localization/ High MCTs High CI95% Low MCTs Low CI95%
grade grade
Grade grade per anat. grade grade per anat. grade
loc. loc.
Head 7 7.6 259 1.03 0.34,2.47 20 74 74.1 0.97 0.40,2.31
Trunk 22 239 27.5 0.87 0.50,1.51 58 214 725 1.15 0.66,2.01
Limbs 10 109 17.9 0.60 0.29,1.22 46 17.0 82.1 1.68 0.82,3.43

No specified 53  57.6 26.5 0.87 0.54,1.40 147 54.2 73.5 1.15 0.71,1.84

Total 92 271

OR: Odds Ratio; CI: Confidence Intervals; % High and % Low grade: percentage that each anatomical localization represents within the total
number of HG and LG-MCT cases, respectively, e.g., Head: 7 x 100 /92 =7.6% and 20 x 100 / 271 = 7.4%;% high and % Low grade MCTs
per anatomical localization: percentage of HG and LG-MCTs within the total number of MCTs for that specific anatomical localization,

respectively, e.g., Head: 7 x 100 /27 = 25.9% and 20 x 100/ 27 = 74.1%.

Discussion

Cutaneous neoplasms are common in dogs, accounting for approximately 30 — 40% of neoplastic
diseases in the species (Medina, 2015). Round up to nearly 60% of these tumors are histologically
malignant (Meirelles et al., 2010; Medina et al., 2017) and proliferate from epithelial,
mesenchymal, and round cells (Cubillos et al., 2021). Cutaneous round cell neoplasms represent
61.15% of all neoplasms in dogs (Torres et al., 2017), and MCT is the most common, accounting
for up to 21% of all skin tumors (Meuten, 2017; Kiupel et al., 2011) and 47.1% of all round cell
neoplasms (Cano-Botero et al., 2024). Understanding the biological behavior of this tumor is
critical for an accurate diagnosis and prognosis. This study evaluated the context of the local area,
as local characterizations are essential for understanding how specific epidemiological and
environmental factors influence the presentation of pathologies. It is important to note that not all

information from the existing literature can be directly applied to other contexts.



In this study, 3468 canine cases were received during the study period, of which 363 were
diagnosed as MCT, representing 10.5% of all biopsy reports. Of these, 74.7% were classified as
LG-MCT and 25.3% as HG-MCT. These proportions are consistent with other studies reporting
that according to Kiupel's 2-tier malignancy classification (Kiupel et al., 2011), it is estimated that
80-90% of MCTs are LG and 20-10% are HG (Meuten, 2017). This supports the validity and utility
of Kiupel’s MCT classification system. Furthermore, although LG-MCTs are more common, the
significant proportion of HG cases highlights the importance of accurate assessment for optimal

management.
Sex and histological grade

No statistical difference was observed to suggest a sex-related risk in the presentation of a particular
histologic grade of MCT. Total reports by histologic grade, both males and females each
represented round up to 50% of both HG-MCT and LG-MCT cases. These findings are consistent
with previous studies that found no sex-related predisposition (Torres et al., 2006; Lozano et al.,
2016). Similar findings have been reported by authors such as Martins et al. (2021). However,
contrasting results have been reported in some previous studies. Smiech et al. (2018) observed a
higher risk of MCTs in females, especially for LG tumors, while Jaramillo (2019) reported a higher
risk of developing HG neoplasms. In addition, O’Connell ef al. (2013) found that multiple MCTs
were more common in females, and White ef al. (2011) suggested that spayed females were four
times more likely to develop MCTs than non-spayed females. In contrast, Mochizuki et al. (2017)
found that non-neutered males were more likely to develop HG MCTs, while neutered dogs were
less likely to develop HG tumors. The lack of statistical difference suggests that sex is not a primary
determinant of MCT grade, and further research is needed on other biological and genetic elements

that may influence the malignant grade of the tumor.
Age range and histological grade

A statistical difference was observed between the age groups. Patients aged 5-8 years had a higher
risk (OR =1.82, CI 1.47,2.27) of developing MCT. Most studies have previously reported a higher
prevalence of MCTs in dogs of a similar age range (London et al., 2003; Hahn et al., 2008; Kiupel
et al., 2011). On the other hand, this study also observed a relationship between the age at

presentation of the neoplasm and its histological grade, suggesting an age-related risk in terms of



biological behavior. Younger dogs, especially those aged 5—8 years, were more prone to LG-MCT,
whereas dogs aged 9-12 years were more prone to HG-MCT. In the 9-12-year group, 48.9% (45/92)
of cases were HG and had the second highest percentage of LG-MCTs (31.4%, 85/271), LG-MCTs
were most common in dogs aged 5-8 years (53.5%, 145/271) and had the second highest percentage
of HG-MCTs (34.8%, 32/92). Previously, Smiech ez al. (2018) found that the risk of LG-MCT was
highest in dogs aged 4-6 years, while the risk of HG-MCT increased with age, peaking in dogs
aged 11-16 years. Another study also showed an increased risk of HG with age (Mochizuki ef al.,
2017). Jaramillo (2019) observed that geriatric dogs (over 9.1 years of age) have a higher risk of
developing HG-MCTs compared with younger and adult dogs, which are more likely to develop
LG-MCTs. However, Martins ef al. (2021) found a decreased risk of LG-MCTs in all age groups
studied (0-3, 4-6, 7-10 years).

Breed and histological grade

Statistical difference was found between breed and histologic grade. We observed that breed is a
significant factor in the incidence and histologic grade of MCTs, with French Bulldogs showing a
higher risk (OR = 5.77, CI 1.96, 16.96) for the development of HG-MCT, and the Bulldog as the
second breed most affected by the same MCT grade. Similarly, previous studies have reported that
Bulldogs are highly affected by MCTs (Meuten, 2017), and that French Bulldogs have an increased
risk of HG-MCTs (Martins et al., 2021; Jaramillo, 2019). Mochizuki et al. (2017) found that
bulldogs were more likely to develop HG-MCT when scored by the Patnaik system (Patnaik et al.,
1984), although this significance decreased when scored by the Kiupel system (Kiupel et al., 2011).
However, other studies have shown that French Bulldogs have an increased risk of developing LG-
MCT (Smiech et al., 2018; Smiech et al., 2019). Nevertheless, these discrepancies may be due to
breed-specific variations in MCT behavior. Genetic factors such as mutations in mast cells or
immune response may contribute to this predisposition, including mutations in mitochondrial DNA
(Smiech et al., 2016) or the c-kit gene (Vicario et al., 2018). Bulldog-related breeds have a common
ancestor in their phylogenetic development and show elevated risks for developing MCTs of all
different histologic grades (Smiech er al., 2018). More effective clinical management will be
facilitated by further investigation to elucidate the genetic basis of breed predisposition to HG

tumor development.



According to histological-grade cases, Pitbulls, Mixed-breeds, and Pugs were most frequently
associated with both HG and LG-MCT, with slight differences in proportions. Pitbulls had a
prevalence of 28.3% HG and 26.2% LG, and Pugs had a prevalence of 12.2% LG and 10.9% HG,
which is consistent with other studies noting that Pitbulls are predisposed to developing HG-MCT,
whereas Pugs usually have LG lesions (Martins et al., 2021). Smiech et al. (2018) and Mochizuki
et al. (2017) also reported that Pugs are more susceptible to LG-MCT. In addition, Mixed-breeds
showed a distribution of 22.1% LG and 19.6% HG-MCT. Martins et al. (2021) reported that
Mixed-breeds were the second most common breed to develop HG and LG-MCT, and Smiech et
al. (2018) found that Mixed-breeds are often associated with both HG and LG-MCT, with a higher
propensity for LG-MCT. Looking at cases by histological grade within each breed, the breeds most
affected by LG-MCT were the Boston Terrier (88.2%), Springer Spaniel (85.7%), Poodle (83.3%),
Labrador (81.5%), and Golden Retriever (80.0%). Martins et al (2021) reported similar data for the
Poodle, Labrador, and Golden Retriever breeds, with 66.7%, 78.6%, and 75.0% of LG-MCT cases,
respectively. Smiech et al (2018) noted a high frequency of LG-MCT cases in Labrador (81.6%)
and Golden Retriever (84.2%) and mentioned that Boston Terriers are more susceptible to MCT
development. Simpson et al (2004) also mentioned Labrador and Boston Terrier as breeds more
susceptible to MCT development, without histological-grade specificity. In contrast, a reduced risk
1s reported in Springer Spaniels (Warland et al., 2013), but no information about the risk by
histologic grade could be found. The other purebred dogs showed no discernible risk of any grade

of MCT.

The present analysis also found that the Pug, Boston Terrier, Pitbull and Weimaraner breeds exhibit
a higher risk of developing MCT, while the Mixed-breeds, Cocker Spaniel, Poodle and Beagle
have a lower risk. This is partially consistent with previous studies (Shoop ef al., 2015; Mochizuki

et al., 2017; Smiech et al., 2018).
Anatomical localization and histological grade

A higher risk of occurrence of this neoplasm was observed on the trunk (OR =1.71, CI 1.32, 2.22),
limbs (OR = 1.86, CI 1.37, 2.54), or an non-specified anatomical localization (OR =2.62, CI 2.11,
3.26), whereas a lower risk was associated with the head (OR = 0.34, CI 0.23, 0.51). North et al

(2009) reported that most cutaneous MCTs occur on the trunk and extremities and less frequently



on the head and neck. No association between anatomic location and histological grade was
observed. However, a significant proportion of both HG and LG-MCT cases lacked information,
with 57.6% (53/92) and 54.2% (147/271) of HG and LG-MCT cases, respectively. This could
reflect how the referring physicians documented the case, highlighting the need for improved

consistency with clinical documentation.

The anatomical location of the MCT may be a significant prognostic factor (Kiupel et al., 2005).
For both HG (23.9%) and LG-MCT (21.4%), the trunk was the most common location reported.
Veterinary literature offers several perspectives to consider. Previous studies have reported an
increased risk of HG-MCT in the genital and inguinal areas (Jaramillo, 2019; Reynolds et al.,
2019). North et al. (2009) reported that 50-60% of HG-MCT occurs in the trunk and perineal
region. Smiech et al. (2018) found that LG tumors most commonly develop in the trunk (80.2%),
while HG tumors are concentrated in the axillary and inguinal regions (73.3%), particularly the
scrotum, which they identified as the site with the highest risk of MCT development of all
cutaneous tumor sites. Martins et al (2021) also reported a high risk of HG lesions in the perigenital
area and trunk. The limbs were the second most common site for MCTs with 17.0% of LG and
10.9% of HG cases. Jaramillo (2019) and North et al. (2009) state that the limbs are a site with
increased risk of HG-MCT. Martins et al. (2021) mention that the limbs are more prone to grade II
tumors (Patnaik et al., 1984) and LG tumors (Kiupel et al., 2011). Lesions in the head were less
common. In the head, 7.6% were HG and 7.4% were LG. According to Reynolds et al. (2019), the
head has an increased likelihood of HG-MCT. However, in this study, the lower frequency in the
head may indicate a lower predisposition to these regions or may be related to the proportion of

unspecified anatomic localization reports.

In conclusion, the results of this study demonstrated that, in canines, age and breed were risk factors
associated with the development and histological grade of MCT, with sex and anatomic localization
of the lesion demonstrating no such influence. However, the lack of significance for location may
be influenced by the incomplete data in the clinical remissions. Dogs aged 5 — 8 years had a higher
risk of developing LG-MCT, whereas those aged 9 — 12 years had a higher risk of developing HG-
MCT. In addition, breeds such as the French Bulldog showed an increased risk of developing HG-
MCT. Although several prognostic determinants have been suggested, the histological grade of the

tumor seems to be the most important to predict the biological behavior of the tumor; therefore,



this information is relevant to the clinical assessment of the risk associated with this neoplasm in

the local context, allowing for more effective patient management.
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