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Abstract

A retrospective epidemiological study was conducted to identify a relative frequency of canine cutaneous tumors between
January 2018 - December 2019 across Sriracha district, Chonburi province, Thailand and demonstrated the associations
between age, sex, neuter status, breed types, anatomical locations, and body weight with skin tumors diagnosis. A total of
94 canine biopsy specimens according to 87 dogs were submitted for histopathological classification. The highest relative
frequencies in this study were mast cell tumors (19.1%), followed by melanoma (8.5%), lipoma (7.4%), and histiocytoma
(6.4%). The most frequent locations of tumor were found at limbs (24.4%), head (23.5%), trunk and flank (18.3%), and
perineum (13.9%). A single type of cutaneous tumor was more regularly found than multiple types. The risk of developing
cutaneous tumors increased significantly in the large-breed dogs (greater than 20 kg) compared to medium- and small-breed
dogs. Male dogs had 5.28 times of the odds having tumors compared to female dogs (P=0.002). Moreover, the occurrence
of skin tumors is more common in elderly dogs. Our findings serve as a useful baseline information for regional veterinar-
ians to establish a preliminary diagnosis of canine cutaneous tumors.
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INTRODUCTION

Cutaneous tumors are becoming important and more frequently seen
in human and animal. The histological study is widely used for diagnosis and
prognosis in treatment outcome (Pakhrin et al., 2007; Rungsipipat et al. 2003).
The skin is a common organ exposed physical and chemical stimulants that
the chronic exposure might develop the tumor proliferation (Chikweto et al.,
2011; Pakhrin et al., 2007). Relatively 30% of all tumors were reported as skin
tumors in dogs and the incidence rate of canine skin tumor was reported as
728 cases every year per 100,000 dogs (Pakhrin et al., 2007). Several studies
reported the different relative frequency and incidence rate among populations
(Chikweto et al., 2011). There were many studies revealed the retrospective
study in canine cutaneous tumors around the world (Kok et al., 2019; Pakhrin
etal., 2007; Rungsipipat et al. 2003). Interestingly, mast cell tumor, lipoma and
soft tissue sarcoma were commonly reported in many studies (Kok et al., 2019;
Chikweto et al., 2011; Pakhrin et al., 2007; Rungsipipat et al. 2003). The data
presented in many studies indicated age, sex and breed predilection in tumor
progression.

The epidemiological data informed by the national canine cancer regis-
tries and veterinary authorities or reported from university laboratory services
which were different among population (Kok et al., 2019). There were many
studies focused on canine cutaneous tumors in many countries across the world
(Kok et al., 2019; Machado et al., 2018; Sostarié-Zuckermann et al., 2013;
Chikweto et al., 2011; Pakhrin et al., 2007; Rungsipipat et al. 2003). How-
ever, there was no study revealed the canine cutaneous tumors in Chonburi,
Thailand. Thus, this research aimed to identify the histological types of canine
cutaneous tumors, analyze the relative frequency of each tumor and estimate
the risk factor among dog population from three distinct animal hospitals of
Sriracha, Chonburi. The data would provide the baseline information for veter-
inarians in tumor diagnosis, treatment planning and prognosis.

MATERIALS and METHODS

Study population

From January 2018 to December 2019, 94 canine biopsy specimens
from 87 dogs collected from three animal hospitals in Chonburi province,
Thailand were diagnosed as canine skin tumors and included in this study.
Additionally, a total number of canine tumor cases acquired from these animal
hospitals were 123 samples according to 115 dogs; however, other kinds of
tumors were not mentioned in this study. These samples were submitted for
histopathological examination and finally confirmed by the Pathology Unit,
Faculty of Veterinary Medicine, Rajamangala University of Technology Ta-
wan-ok, Chonburi. Clinical details including breed, age, sex, neuter status,
body weight, and tumor location were also recorded. Body weight was clas-
sified into 4 groups as small breed (<10 kg), medium breed (10-20 kg), large
breed (20-40 kg) and giant breed (>40 kg).
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Histological classification of study subjects

In our study, all tumor samples were categorized into 5 groups accord-
ing to the recent WHO classification as epithelial tumors, melanocytic tumors,
mesenchymal tumors, hemolymphatic tumors, and tumor-like lesion located
on the skin (Kok et al., 2019).

Statistical analysis

Descriptive statistics were computed for the most variables. To assess
the influence of sex, age, breed and body weight on the development of skin tu-
mor, the analysis with likelihood ratio test and Pearson’s chi-square test, using
R version 3.1.2 (R foundation for statistical computing, Vienna, Austria) were
applied. Risk factors were defined as sex (male, female), neuter status (intact
and neutered), breed (pure breeds and mixed breed), and age (classified in two
groups: dog aged <5.0 years and >5.0 years), and body weight (classified in 4
groups: <10.0, 10.0-20.0, 20.0-40.0, and >40.0 kg). Results were reported as
odds ratios (OR) with its associated 95% confidence interval (CI), and a P-val-
ue of less than 0.05 was considered to be significant.

RESULTS

Nighty-four specimens from 87 dogs across Chonburi province during
2018-2019 were diagnosed as canine skin tumors. Twenty-five different types
of skin tumors were classified into epithelial tumors 36.2% (34/94), melano-
cytic tumors 8.5% (8/94), mesenchymal tumors 19.1% (18/94), hemolymphat-
ic tumors 39.4% (37/94) and tumor-like lesion 1.1% (1/94) (Table 1). Of these,
mast cell tumors showed the highest frequency 19.1% (18/94), followed by
melanoma 8.5% (8/94), lipoma 7.4% (7/94) and histiocytoma 6.4% (6/94) (Ta-
ble 1). One more interesting point, extra-genital transmissible venereal tumor
(ETVT) cases were also recorded 4.2% (4/94).
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Table 1 Number of biopsy samples and relative frequency (%) of canine skin tumors (n=94) based on histolog-
ical diagnosis from animal hospitals in Chonburi province, Thailand 2018-2019

Relative frequency

Types of tumor Number of samples % il (i ()
Epithelial tumors 34 36.2
Epidermal tumors 7 7.4
Papilloma 2 2.1
Squamous cell carcinoma 5 54
Hair follicle tumors 9 9.6
Trichoblastoma 5 54
Trichoepithelioma 3 3.2
Pilomatricoma 1 1.1
Sebaceous and modified sebaceous gland tumors 8 8.5
Sebaceous epithelioma 2 2.1
Sebaceous carcinoma 1 1.1
Meibomian epithelioma 4 4.2
Hepatoid gland adenoma 1 1.1
Apocrine gland tumors 6 6.4
Apocrine adenoma 5 54
Apocrine carcinoma 1 1.1
Epithelial tumors 4 4.2
Adenoma 3 3.2
Adenocarcinoma 1 1.1
Melanocytic tumors 8 8.5
Melanoma 8 8.5
Mesenchymal tumors 18 19.1
Soft tissue tumors 10 10.6
Fibroma 2 2.1
Lipoma 7 7.4
Fibrosarcoma 1 1.1
Vascular tumors 8 8.5
Hemangioma 3 3.2
Hemangiosarcoma 3 3.2
Perivascular wall tumor 2 2.1
Hemolymphatic tumors 37 394
Mast cell tumor 18 19.1
Lymphoma 5 54
Histiocytoma 6 6.4
Extragenital transmissible venereal tumor 4 4.2
Tumor-liked lesion 1 1.1
Sebaceous gland hyperplasia 1 1.1
Total 94 100
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Of the cases based on the number of patient dogs (Table 2), 54% were
female (47/87), 60.9% were intact (53/87), and 64.4% were pure-breed (56/87).
Seventy-two of 87 cases (86.2%) were over than 5 years old and the median
age at diagnosis was 9 years (range from 1 to 16 years). The most common
frequency (49.4%) of the cases was large breed dogs (20-40 kg) and median
body weight was 19.2 kg ranging from 3.4-62.0 kg. The prevalence of the sin-
gle tumor was 94.3%, while the multiple tumors was 5.7% (Table 2). The site
distributions of these 25 cutaneous tumors were commonly occurred on the
limbs (24.38%), head (23.47%), trunk and flank (18.26%), and perineal area
(13.91%), respectively (Figure 1).

Table 2 Number of cases (patient dogs) and relative frequency (%) of canine skin tumors (n=87) based on

particular factors

Relative frequency

Factors Categories Number of cases % it alll 5 )
Age < 5.0 years 12 13.8
>5.0 years 75 86.2
Sex Male 40 46.0
Female 47 54.0
Neuter status Intact 53 60.9
Neutered 34 39.1
Breed type Pure-breed 56 64.4
Mixed-breed 31 35.6
Body weight <10.0 kg 23 26.4
10.0-20.0 kg 15 17.2
20.0-40.0 kg 43 49.4
>40.0 kg 6 6.9
Tumor lesions Single tumor 82 94.3
Multiple tumor 5 5.7
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Figure 1 The most common anatomical locations of canine cutaneous tumors (n=number of tumors) and the
relative frequency (%) of the most frequently encountered tumor types in each site.

Based on the number of specimens (n=94) in this study, sex and body
weight were significantly associated with the prevalence of canine skin tumor
(Table 3). The male dogs had the higher relative frequency (88.9%) than the
female dogs (60.3%) with OR = 5.28, 95% CI = 1.876 - 14.846, P= 0.002.
The odds of diagnosed as canine skin tumor could be determined by the body
weight of the dogs. The large breed dogs (20.0-40.0 kg) had 84.3% of relative
frequency with OR = 3.42, 95% CI = 1.403 - 8.338, P=0.010, while the small
breed dogs (<10.0 kg) had lowest relative frequency of 57.5% with OR = 0.40,
95% CI=0.179 - 0.902, P=0.043 (Table 3). The relative frequency of the me-
dium breed (10.0-20.0 kg) and giant breed (>40.0 kg) were 68.2% and 60%, re-
spectively. Dogs over 5 years old had 1.25 times the odds of canine skin tumor
diagnosis compared with the dogs under or equal 5 years old. Neutered status
has affected the occurrence of cutaneous tumor (80.9%) along with the odds
of 2.24, while intact dogs had 65.4% of relative frequency. In addition, mixed-
breed dogs were at 1.25 times the odds and pure-breed dogs were at 0.79 times
the odds of having skin tumor.
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Table 3 Univariate analysis of risk factors associated with canine skin tumors from animal hospitals in Chon-
buri province, Thailand 2018-2019

Skin
Factors Categories 1;:22:: tumor RF* (%) OR 95% CI (OR)  P-value!
cases’
Age <5.0 years 18 12 66.7 0.80  0.275-2.327 0.897
>5.0 years 105 75 71.4 125 0.430-3.635 0.897
Sex Male 45 40 88.9 528  1.876-14.846  0.002*
Female 78 47 60.3 0.19  0.067-0533  0.002*
Neuter Intact 81 53 65.4 045  0.182-1.091 0.113
status
Neutered 4 34 80.9 224 0917 -5.501 0.113
Breed type ¢ breed 81 56 69.1 079  0345-1830 0740
Mixed-breed 42 31 73.8 125 0.547-2.897 0.740
Body <10.0 kg 40 23 575 040  0179-0902  0.043*
weight
10.0-20.0 kg 22 15 68.2 086  0.319-2.335 0.975
20.0-40.0 kg 51 43 84.3 342 1403-8338  0.010*
>40.0 kg 10 6 60.0 0.5  0.157-2.240 0.678

A total number of canine tumor cases (n=123) visited at three animal hospitals in Chonburi, 2018-2019.

A total number of canine skin tumor cases (n=94) visited at three animal hospitals in Chonburi, 2018-2019.
Relative frequency (RF) is canine skin tumors cases given all total cases of tumor.

dChi-square test.

*significance level of P < 0.05.

DISCUSSION

This retrospective epidemiological study identified a prevalence of ca-
nine cutaneous tumors over the study period of 2018-2019 in Sriracha district,
Chonburi province, Thailand and demonstrated the associations between age,
sex, neuter status, breed types and body weight with cutaneous tumors diagnosis.
According to the current study, the most common relative frequency of canine
cutaneous tumors was mast cell tumors, melanoma, lipoma, and histiocytoma.
These results were in accordant to previous studies in different geographic re-
gions including the U.S.A. (Villamil et al., 2011; Brody, 1970), Brazil (Moraes
et al., 2009), the U.K. (Shoop et al., 2015; Bostock,1986), Denmark (Brenden
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et al., 2010), Switzerland (Graf et al., 2018), Croatia (Artukovi¢ et al., 2014),
Greece (Kaldrymidou et al., 2002), Japan (Kok et al., 2019), Korea (Pakhrin et
al., 2007), Australia (Shaw et al., 2018; Finnie and Bostock, 1979), and Grenada
island (Chikweto et al., 2011). Among these studies, mast cell tumors have been
highlighted for the most outstanding cutaneous tumors in companions potential-
ly aiding veterinarian awareness and facilitating diagnosis.

Anatomical locations of cutaneous tumors in dogs were commonly dis-
tributed over the whole bodies including head and neck, limbs, extremities, trunk
and perineum (Kok et al., 2019; Graf et al., 2018; Artukovi¢ et al., 2014; Pakhrin
et al, 2007) which was coincident with our findings. Thus, it can be implied that
any parts on skin which could be exposed to chemical and/or physical insults are
prone to neoplastic proliferation (Pakhrin et al, 2007; Kaldrymidou et al., 2002).
Moreover, only one type of cutaneous tumor was more commonly found on dogs
than multiple types of tumor in this study. However, the latter type of tumor
could be found also which reminded the clinicians to aware of the importance
of opened-range diagnosis and sending more than one of the tumors for analysis
(Artukovi¢ et al., 2014).

The potential risk factors of canine skin tumors including age, sex, neuter
status, breed types and body weight were analyzed in the recent study. Among
these risk factors of canine skin tumor, there has been a significant association
between sex and the occurrence of cutaneous tumors (P-value = 0.002). In ad-
dition, male dogs had 5.28 times of the odds having tumors compared to female
dogs, while some studies reported there was no significant difference between
sex (Pakhrin et al, 2007; Shoop et al, 2015). However, particular types of cutane-
ous tumors related with sex hormone such as hepatoid gland tumors and apocrine
adenocarcinoma tended to show the sex predilection in dog population (Pakhrin
et al, 2007). Several earlier studies described that larger-sized breeds were at
higher risk of developing cutaneous tumors than medium and smaller breeds
(Shoop et al, 2015; White et al., 2011). Similarly, our study found that dogs over
20 kg had over triple times the odds of having cutaneous tumors compared to
smaller-sized dogs with 95% CI of odds ratio = 1.403 - 8.338. From this finding
maybe implied that the larger dogs (body weight > 20 kg) might be obese dogs
which were prone to tumor-occurring than good body-condition dogs that was
similar to the study in human or rodent (Romano et al., 2016).

This study also supported the findings from Shoop et al. (2015) of no
difference in mast cell tumors occurrence between pure-breed types and mixed-
breed types. Unlike those findings, the study from the Swiss Canine Cancer Reg-
istry stated that the overall incidence rate of skin tumors in mixed-breed dogs
had a more than 2.5-fold higher than the average rate of all breeds (Graf et al,
2018). However, a number of researches calculated the odds of cutaneous tumor
development in pure-breed by using the mixed-breed dogs as reference and re-
vealed that some specific large breed types including Boxers, Golden retriever,
as well as Labrador retriever were a predisposing cause for skin tumors (Shoop
et al., 2015; Artukovi¢ et al., 2014; Villamil et al., 2011; Chikweto et al., 2011).
Even though, the mixed-breed dogs are popular and available in Thailand, the
owners of purebred dogs are more affordable and accessible for tumor diagnostic
and treatment than another. Therefore, the economical status of dog owners also
has the impact on the types and number of samples counted in the study. In the
current study, neuter dogs had 2.24 times the odds of having cutaneous tumors
compared to intact dogs even it was just a trending. This result was in agreement
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with a couple reports which mentioned that spayed females and castrated males
had possibly increased the risk for developing cutaneous tumors compared to
intact dogs (Shoop et al., 2015; White et al., 2011). Although the reasons for
this are unknown, sexual hormone receptors found in cutaneous tumors need
more attention and investigation (White et al., 2011). However, limitations of
the current study might also contribute to the sample size, document of spaying
or castrating, as well as age at the time of neutering. The median age of affected
dogs in our study was 9 years which were consisted with the common range for
the occurrence of most neoplasms in dogs, that is, greater than 8 to 15 years of
age (Graf et al, 2018; Villamil et al., 2011; Pakhrin et al 2007). Generally, the
occurrence of skin tumors is more common in elderly dogs (Graf et al, 2018;
Artukovi¢ et al., 2014; Villamil et al., 2011), supported by our results indicated
a peak in the odds of developing skin tumors increased in more than 5 years old
dogs. Especially, we found the incidence of ETVT on skin in our dog-population
which is different from the previous studies in the area of developed countries
(Graf et al, 2018; Villamil et al., 2011). The spreading of ETVT indicated the
dog-population control in the area is lacked but the owners still concern to treat
the dogs with care.

CONCLUSION

The retrospective epidemiological study in canine cutaneous tumors
revealed mast cell tumors as the most commonly seen in veterinary practice
in this regional area. The risk factor analysis indicated that aged, large-breed
or male dog are tended to occur the cutaneous tumor increasingly. Male dogs
were prone to occur cutaneous tumor than female dogs significantly. The spe-
cific tumor such as ETVT is commonly seen in area depending on specific
epidemiological finding. All this information may help the practitioners facing
the cutaneous cases and justifying how to manage the cases systemically.
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