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A retrospective study on 462 cases of tumor conditions in dogs was carried out in Pathology 
laboratory, School of Veterinary Medicine, St George’s University, Grenada, West Indies for a 
period of ten years, from 2001 to 2010. Out of these 462 tumors, 242 and 220 tumors were recorded 
from males and females of varying age groups respectively. Among all these tumor conditions, the 
occurrence of haemangiosarcoma was found to be highest (13%) followed by mammary gland 
tumors (10.8%), transmissible venereal tumors (7.6%), cutaneous hemangioma (7.4%), cutaneous 
histiocytoma (6.3%), lymphoma and papilloma (5.0% each), mast cell tumor (4.5%), lipoma and 
squamous cell carcinoma (3.5% each), melanocytoma (3.2%), fibrosarcoma, hemangiopericytoma 
and  melanoma (2.6% each), fibroma (2.2%) and others including basal cell tumor and  
chondrosarcoma (1.5% each), seminoma (1.3%), plasmacytoma (1.1%), perianal gland adenoma 
(0.9%) and adenocarcinoma (0.6%), hepatocellular carcinoma (0.6%), pancreatic adenocarcinoma 
(0.6%), pheochromocytoma (0.4%), sertoli cell tumor (0.2%), etc. Age–wise, the highest tumor 
occurence (28.1%) was in the >8–12 year age group, followed by 25.8% in >5–8 year, 19.7% in >12 
year, 14.1% in >3–5 year and 10.2% in >1–3 year age groups. Mixed breed dogs showed highest tumor 
incidence (62.6%) followed by German shepherd (6.5%), Labrador Retriever (5.6%), Rottweiler 
(4.3%), Doberman Pinscher (3.2%), Pompek (3.0%) and Pitbull (2.2%)..    
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INTRODUCTION 
Cancer is one of the biggest threats to humans and animals, 
claiming 7.6 millions of human lives in 2008 and 13.2 million 
expected cancer deaths by 2030 (American Cancer Society, 
2011), in spite of several  interdisciplinary approaches that have 
contributed significantly to the progress in cancer diagnosis 
and treatment. It is the leading cause of mortality in pet animals 
(Bonnett et al., 2005; Merlo et al., 2008) and second most in 
humans (1 in every 4 deaths in United States) (Siegel et al., 
2013). The frequency of cancer occurrence in dogs is twice that 
in humans (Rungsipipat, 2003). 

There are about 70 million pet dogs in USA of which about 
10% are diagnosed with naturally occurring tumors (Paoloni 
and Khanna, 2007). No data are available on the population of 
dogs in Grenada or West Indies. Lack of reliable pet tumor 
registries have made it difficult to ascertain the increasing or 
decreasing prevalence of cancer in dogs. However, neoplasms 
have gained much importance in pet animals owing to the 
increased awareness among the people towards animal 
sufferings. As a result of improvements in health and welfare 
animals are living longer, leading to increased diagnosis of 
cancer in dogs (Dobson, 2013). In a recent mortality 
investigation in the UK, cancer accounted for 27% of all deaths 
in purebred dogs (Adams et al., 2010). Studies from various 
animal tumor registries in the world have reported dog tumor 
incidence rate from 99.3 to 282 to 1126 cases per 100,000 per 
annum, with the highest tumor type occurrence of mammary 

tumors, skin tumors or transmissible venereal tumor (MacVean 
et al., 1978, Merlo et al., 2008, Vascellari et al., 2009). Merlo et al 
2008 reported mammary tumors being 70% of all tumor cases 
followed by non–Hodgkin's lymphoma, whereas Vascellari et al 
2009 from an animal tumor registry in Italy reported skin 
tumors being 40.8% followed by mammary tumors being 38.8%  
of a total 2509 dog tumor cases. In another study on 403 cases 
of dog neoplasms, transmissible venereal tumors (42.9%) were 
the highest followed by 33.5% mammary tumors (Khimta et al., 
2010). The present study documents the occurrence of canine 
tumors in Grenada, West Indies. 

 
MATERIALS AND METHODS 
Tumor tissue specimens: 
The data on canine tumors diagnosed from 2001 to 2010 in the 
Department of Pathobiology Academic Program of School of 
Veterinary Medicine, Saint George’s University, Grenada, West 
Indies, inclusive of clinical history were taken from the archived 
postmortem and biopsy reports and analyzed for the study. 
Confirmed histopathological diagnosis was done in missing 
cases after processing the archival formalin–fixed canine tumor 
tissues. The details of tumor types, their origin and primary 
sites are given in Table 1.  
Histopathological examination: 
The tissue samples were processed routinely through graded 
alcohol and xylene in automatic tissue processor (Leica, LP 
1080 Model) to obtain paraffin–embedded tissue blocks. The 
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blocks were cut using semi motorized microtome (Leica, RM 
2045 Model) to obtain 4 um thick sections. The sections were 
stained manually by hematoxylin and eosin staining method 
and examined under the microscope. The diagnosis of various 

tumor conditions was made based on the characteristic 
histopathological features. 
 
 

Tissue type   No. of cases Percent (%) Sites 
Mesenchymal 

    
Vascular Hemangioma  34 7.4 Skin 

 
Hemangiosarcoma 60 13.0 

Skin (51), Spleen (4), Tongue (1), Maxilla (1), 
Mammary gland (1), Right atrium (2) 

 
Hamartoma 3 0.6 Skin 

Fibrous Fibroma 10 2.2 Skin 

 
Fibrosarcoma 12 2.6 Skin 

Adipose Lipoma 16 3.5 Subcutaneous (15), Omentum (1) 

 
Liposarcoma 3 0.6 Subcutaneous 

Smooth muscle Leiomyoma 4 0.9 Stomach (2), Vagina (2) 

Histiocytic Cutaneous histiocytoma 29 6.3 Skin 

 
Histiocytic sarcoma 2 0.4 Liver, duodenum, mediastinum (1), Spleen (1) 

Lymphoid Lymphoma 23 5.0 
17 multicentric (17), Mediastinal (1), Intestine 
(1), Skin (2), Spleen (1), Liver (1) 

 
Plasmacytoma 5 1.1 Skin (4), Rectum (1) 

Myeloid Mast cell tumor 21 4.5 Skin 

Osteoid Oesteosarcoma 3 0.6 Tibia (1), Lung (2) 

 
Osteochondroma 2 0.4 Ribs 

Chondroid Chondrosarcoma 7 1.5 
Nasal cavity (4), Scapula (1), Sternum (1), 
Mandible (1) 

Gonadostromal Sertoli cell tumor 1 0.2 Testis 

Melanocytic Melanocytoma 15 3.2 Skin 

 
Melanoma 12 2.6 Skin 

Neural Meningioma 1 0.2 Brain 

 
Sub–Total 1 263 56.8   

Epithelial 
    

Mammary gland Mammary tumor 50 10.8 Mammary gland 

Cutaneous Squamous Cell carcinoma 16 3.5 
Skin (13), Nasal cavity (1), Vulva (1),  
Urinary bladder (1) 

 
Papilloma 23 5.0 Skin 

 
Basal cell tumor 7 1.5 Skin 

 
Pilomatricoma 1 0.2 Skin 

 
Trichoepithelioma 2 0.4 Skin 

 
Trichoblastoma 1 0.2 Skin 

 
Keratoacanthoma 3 0.6 Skin 

Adnexal Sebaceous gland hyperplasia 3 0.6 Skin 

 
Sebaceous epithelioma 4 0.9 Skin 

 
Sebaceous adenocarcinoma 2 0.4 Skin 

 
Sweat gland adenocarcinoma 2 0.4 Skin 

 
Apocrine gland adenocarcinoma 3 0.6 Skin 

 
Perianal gland adenoma 4 0.9 Perianal glands 

 
Perianal gland adenocarcinoma 3 0.6 Perianal glands 

 
Meibomian gland adenocarcinoma 1 0.2 Eyelid 

 
Ceruminous gland carcinoma 1 0.2 Ear 

Hepatic Hepatoma 2 0.4 Liver 

 
Hepatocellular carcinoma 3 0.6 Liver 

 
Cholangiocellular carcinoma 2 0.4 Liver 

Pancreatic Adenocarcinoma 3 0.6 Pancreas 

Pulmonary Adenocarcinoma 2 0.4 Lung 

Renal Carcinoma 2 0.4 Kidney 

Germinal epithelium Seminoma 6 1.3 Testis 

Neuroendocrine Pheochromocytoma 2 0.4 Adrenal gland 

  Sub–Total 2 148 31.5   

Unclassified 
  

 
          Transmissible venereal tumor 35 7.6 External genitalia (33), Skin (1), Nasal cavity (1) 

         Hemangiopericytoma 12 2.6 Skin 
         Epulis   4 0.9 Oral cavity 
  Sub–Total 3 51 11.1   

 
Overall Total 462 
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Statistical analysis: 
History and clinical data of each case with regard to age, sex 
and breed of the dogs were collected and analyzed statistically 
using student’s t test. 
 
RESULTS 
A total of 462 cases of tumor conditions were diagnosed during 
the period from 2001 to 2010 in the dogs which comprised 242 
(52.4%) males and 220 (47.6%) females of different age groups. 
The various tumor conditions diagnosed are listed in Table–1. 
The occurrence of hemangiosarcoma was the highest at 13.0%. 
followed by mammary gland tumors (10.8%), transmissible 
venereal tumors (7.6%),  cutaneous hemangioma (7.4%), 
cutaneous histiocytoma (6.3%), lymphoma  and  papilloma 
(5.0% each), mast cell tumor (4.5%), lipoma and squamous cell 
carcinoma (3.5% each), melanocytoma (3.2%), fibrosarcoma, 
hemangiopericytoma & melanoma (2.6% each), fibroma (2.2%) 
and others including basal cell tumor and chondrosarcoma 
(1.5% each), seminoma (1.3%), plasmacytoma (1.1%), perianal 
gland adenoma (0.9%) and adenocarcinoma (0.6%), 
hepatocellular carcinoma (0.6%), pancreatic adenocarcinoma 
(0.6%), pheochromocytoma (0.4%), sertoli cell tumor (0.2%). A 
list of the tumors and their primary sites are presented in Table 
1. 

Sex–wise analysis revealed that although more tumors 
occurred in males (52.4%) than females (47.6%), there was no 

significant difference between gender (2 =1.05, p=0.31). Among 
tumor types, the occurrence of mammary tumor was 

significantly high ((2 =35.28, p<0.01). in females than males 
(Figure 1), whereas, for other tumors no significant difference 
was observed between gender (Figure 1 and 2). 

Age–wise, the highest occurrence of tumors (28.1%) was 
seen in the >8–12 years age group, followed by 25.8% in >5–8 
years, 19.7% in >12 years, 14.1% in >3–5 years and 10.2% in >1–3 
years age groups. Notably, three major tumor types, namely 
cutaneous histiocytoma, papilloma and lymphoma also involved 
animals younger than 1 year of age (Figure 3 and 4), whereas 
other tumors occurred in animals above 1 year of age.  
Transmissible venereal tumors specifically affected the age 
group of >1–3 years and over 12 years (Figure 3), whereas 
lymphoma appeared mostly between 5–8 years and after 12 
years of age (Figure 4). Interestingly, although not significant 

((2 =3.34, p=.62), there is a trend that cutaneous histiocytoma 
started occurring early on in the age and continued to increase 
up to 12 years of age, declining thereafter (Figure 4). Other 
tumors including papilloma, hemangioma, hemagiosarcoma, 
mast cell tumor and mammary tumor occurred at peak between 
5 and 12 years of age (Figure 3 and 4)  
Breed–wise analysis showed that mixed breed dogs (62.6%) 
were the most affected ones, followed by German Shepherd Dog 
(GSD) (6.5%), Labrador Retriever (5.6%), Rottweiler (4.3%), 
Doberman Pinscher (3.2%), Pompek (3.0%) and Pitbull (2.2%). 
The order of affected breeds remained similar for most of the 
tumors except for papilloma, mammary and mast cell tumors 
(Figure 5). Mammary tumors ranked highest in mixed breed 
(69.8%) followed by Doberman Pinscher (13.9%) and GSD 
(11.6%). Mast cell tumors affected mostly mixed breed (75%) 
followed by Labrador Retriever (16.7%) and GSD (8.3%), 
whereas papilloma occurred mostly in mixed breed (76.2%) 
followed by Pompek (14.3%) and GSD and Labrador Retriever 
(4.8% each) 

. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DISCUSSION 
The analysis of 462 canine tumor cases from different organs  
diagnosed in Grenada during the period from 2001 through 2010 
revealed hemangiosarcoma (13%) as the most frequent 
neoplasm followed by mammary  tumors (10.8%), transmissible 
venereal tumor (7.6%),  cutaneous hemangioma (7.4%), 

cutaneous histiocytoma (6.3%) and others.  Similarily, a 
previous study on tumors affecting the skin of dogs in Grenada 
revealed hemangiosarcoma as the most frequent neoplasm 
(Chikweto et al., 2009). In previous studies from other countries 
of the world, the distribution of tumor occurrence varied from 
region to region, with mostly either mammary tumors or skin 

Figure 1. Sex–wise tumor occurrence in dogs. There was a significant 

difference (2 =35.28; p<0.01) between genders for mammary tumor 
(MAM) occurrence; whereas no significant differences were observed 

for transmissible venereal tumor (TVT); (2 =0.6; p=0.2)  hemangioma 
(HEM) (2 =0.12; p=0.73) and hemangiosarcoma (HES) (2 =1.07; p=0.30). 

Figure 2. Sex–wise tumor occurrence in dogs. There was no significant 
difference between genders for occurrence of cutaneous histiocytoma 

(CCH) (2 =0.31; p=0.58), mast cell tumor (MCT) (2 =1.19; p=0.28) 

lymphoma (LYM) (2 =3.52; p=0.06) and papilloma (PAP) (2 =1.09; 
p=0.30). 
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tumors or transmissible venereal tumor being recorded 
(MacVean et al., 1978, Merlo et al., 2008, Vascellari et al., 2009).  
In their study in Italy, Merlo et al., 2008 reported mammary 
tumors being 70% of all neoplastic cases followed by non–
Hodgkin's lymphoma, whereas Vascellari et al 2009  reported 
40.8% skin tumors followed by 38.8% mammary tumors – out 
of a total – of 2509 dog tumor cases. In a study from India on 
403 cases of dog neoplasms, transmissible venereal tumors 
(42.9%) were the highest followed by mammary tumors 
(33.5%) (Khimta et al.., 2010). Mukaratirwa et al 2005 in 
Zimbabwe found 73.7% cutaneous neoplasms out of 540 canine 
tumor biopsies, with the prevalence of epithelial, mesenchymal, 
lymphohistiocytic and melanocytic tumors being 39.4%, 44.4%, 
7.4% and 8.7%, respectively. Pakhrin et al. (2007) diagnosed 
25.34% cutaneous tumors from 2,952 canine biopsy specimens, 

comprising epithelial and melanocytic tumors (56.9%), 
mesenchymal tumors (38.9%), and hematopoietic tumors 
(4.1%) in Korea. Although we did not analyze organ–wise 
locations, the combination of tumors that mostly originated 
from skin totaled 58.8% followed by mammary tumors (10.8%) 
and transmissible venereal tumors (7.6%), consistent with the 
findings of Vascellari et al. (2009). In dogs, it is now generally 
accepted that solar radiation is a contributing factor in the 
development of several skin neoplasms such as hemangioma, 
hemangiosarcoma and squamous cell carcinoma (Nikula et al., 
1992; Ward et al., 1994). It is likely that geographical location 
may also be a contributing factor to the predominance of tumor 
type, as Grenada is located nearer to the equator receiving more 
direct sun exposure and thus, higher skin tumor occurrence in 
dogs ((Nikula et al., 1992; Ward et al., 1994).

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Age–wise tumor occurrence in dogs. Overall tumor occurrence showed significant difference  (2 =133.79, p<0.001) between age groups, as also for 

mammary tumor (MAM) (2 =19.12, p=0.002) transmissible venereal tumor (TVT) (2 =12.83, p=0.03) and hemangioma (HEM) (2 =23.88, p<0.001) 

Figure 4. Age–wise tumor occurrence in dogs. There was significant difference between age groups for mast cell tumor (MCT) (2 =14.71, p=0.01), while no 

significant difference was seen for cutaneous histiocytoma (CCH) (2 =3.34, p=0.63) lymphoma (LYM) (2 =7.00, p=0.22) and papilloma (PAP) (2 =5.43, p=0.37) .  
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In the present study, male dogs (52.4%)  were affected more 
than females (47.6%), in contrast to the finding of other studies 
where females were affected significantly more than males 
(Merlo et al 2008), who also recorded a high incidence of 
mammary tumors. However, studies recording a higher 
incidence of mammary tumors are likely to have more females 
affected than males as mammary tumors occur mostly in 
females. In our study, mammary tumors affected more female 
(92%) than male dogs (8.0%), with the percentage of male dogs 
being on the higher side in comparison to previous reports 
where a mere 1 to 2% male dogs suffered from mammary tumors 
(Mulligan 1975, Priester 1979). Lymphoma also showed a gender 
predisposition with 70% occurrence in males and 30% in 
females. No significant sex predisposition was noticed for 
transmissible venereal tumor. This observation was in 
congruence with that of Calvert et al 1982 but in disagreement 
with Khimta et al 2010 who found significantly more TVTs in 
females (67.6%) than males (32.4%). 

Generally, the occurrence of all tumors increased with age, 
with the highest tumor prevalence (28.1%) seen in dogs of the 
>8–12 years age group followed by >5–8 years (25.8%), >12 years 
(19.7%), >3–5 years (14.1%) and >1–3 years (10.2%) age groups. 
These observations were consistent with those of previous 
studies (Pakhrin et al 2007; Merlo et al 2008; Vascellari et al 2009; 
Khimta et al 2010). Pakhrin et al 2007 recorded a mean age of 8.3 
years for the ten most frequent tumors, with a range of 2 
months to 19 years., whereas, Khimta et al 2010 observed highest 
tumor cases in the age group of 8–10 years (23.08%) followed by 
4–6 years (20.35%), 2–4 years (18.1%), 6–8 years (16.4%), 10–12 
years (9.9%), ≥12 years (6.9%) and <2 years (5.2%). Although 
the prevalence of all tumors increased with age in the present 
study, the tumors generally appeared after 1 year of age except 
for cutaneous histiocytoma, lymphoma and papilloma, which 
started appearing in dogs less than 1 year of age. Interestingly, 
13.8% of all cutaneous histiocytomas, 8.7% of all papillomas and 
4.3% of all lymphomas occurred at <1 year age. These 
observations corroborate the previous findings in canine 
pediatric oncology where, of 9522 neoplasms, 89% were 
cutaneous histiocytomas and 2% were papillomas in juvenile 

dogs up to the age of 12 months (Schmidt et al 2010). Another 
interesting finding was the occurrence of transmissible venereal 
tumor which was highest in dogs >12 years of age (31.4%) 
followed by the 1–3 year age group (25.7%), >5–8 year (17.1%), 
>3–5 year (14.3% and >8–12 year (11.5%) age groups. In contrast, 
Khimta et al 2010 observed a low (4.6%) prevalence of 
transmissible venereal tumor in dogs ≥12 years of age; however, 
their findings of a high prevalence of TVT (28.3%) in the 2–4 
years age group almost concurs with our findings of a higher 
prevalence (25.7%) of TVT cases in the >1–3 year age group. Our 
study population comprised mostly intact mixed breed dogs 
which are often allowed to wander at will, and thus, the 
sexually mature dogs above 1 year of age were significantly 

affected by TVT ((2 =11, p<.0001) which is usually transmitted 
through coitus.  

The age–wise distribution of mammary tumors showed 
the highest frequency in dogs of the >8–12 year age group (30%) 
followed by >3–5 year and >12 year (22% each), >5–8 year (20%) 
and >1–3 (0%) year age groups. These results are comparable to 
the findings of previous studies (Moe, 2001; Reddy et al 2009; 
Khimta et al 2010). Mammary tumors are thought to be age 
dependent, as bitches less than two years of age encounter it 
rarely, but there is a sharp increase in the incidence after six 
years of age with a peak incidence at 8–12 years of age (Brodey 
et al 1983; Rungsipipat et al 2003). Moe (2001) observed a mean 
age of 8.8 years for histologically diagnosed mammary tumors in 
all breeds of dogs in Norway. In a study on 128 canine mammary 
tumors in India (Reddy et al 2009), the most affected age group 
was 8–10 years (35.94%), followed by 6–8 years (30.47%), 10–12 
years (17.97%), ≤ 6 years (12.50%) and >12 years (3.13%). Almost 
similar trends were observed by Khimta et al 2010 with the most 
affected age group being 8–10 years (33.33%), followed by 6–8 
years (18.52%), 4–6 years (15.55%), 10–12 years (13.33%), ≥12 
years and 2–4 years (8.88% each) and <2 years (1.48%). Moulton 
(1999) observed that mammary gland tumors occurred rarely in 
female dogs younger than 2 years of age and that the incidence 
increased after the 5th year of age with its peak at the age of 10 
yrs. This is consistent with our findings.  

Figure 5. Breed-wise tumor occurrence in dogs. There was significant difference ((2 =1086.41, p<0.001) between breeds for overall tumor occurrence as well 

as for mammary tumor (MAM) (2=13.78, p<0.001), mast cell tumor (MCT) (2 =38.17, p<0.001) and papilloma (PAP) (2 =68.00, p<0.001).  
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Mixed breed dogs were affected most (62.6%), followed 
by GSD (6.5%), Labrador Retriever (5.6%), Rottweiler (4.3%), 
Doberman Pinscher (3.2%), Pompek (3.0%) and Pitbull (2.2%). 
Mixed breeds comprising local stray dogs or mongrels remained 
the highest affected for all tumor types and the order of 
occurrence for the other breeds remained more or less similar. 
However, for mammary tumors, the second highest affected 
breed was the Doberman Pinscher (13.95%) followed by GSD 
(11.63%); for mast cell tumors the second highest affected breed 
was Labrador Retriever (16.67%) followed by GSD (8.33%); and 
for papilloma the second highest affected breed was Pompek 
(14.29%) followed by GSD and Labrador Retriever (4.76% 
each). Earlier reports on breed predisposition of mammary 
tumors and other tumors differ from the present observations 
which could be attributed to the fact that different geographical 
areas have different patterns of breed distribution (Schneider 
1970, Rosen and Oberman 1993, Moe 2001, Reddy et al 2009, 
Khimta et al 2010). Overall tumor prevalence in India was 
highest in the Spitz (34.49%), followed by Mongrels (28.54%), 
GSD (16.13%), Doberman Pinscher (7.94%), Labrador Retriever 
(3.97%) and Great Dane (2.98%) in a study on 403 canine 
neoplasm (Khimta et al 2010). However, Reddy et al (2009)  in 
India observed the  highest number of mammary tumors in GSD 
(35.0%) followed by Spitz (24.22%), Mongrels (19.53%), 
Pomeranian (10.94%), Labrador Retriever (6.25%), Boxer 
(3.91%), Doberman Pinscher (4.69%), Cocker Spaniel (3.13%), 
Bhutia (1.56%) and Great Dane (0.78%). Moe (2001) from 
Norway observed the highest relative risk ratio of mammary 
tumors in Boxers, Cocker Spaniels, English Springer Spaniels 
and Dachshunds. The finding of highest tumor occurrence in 
mixed breed dogs in the present study evidently reflects on the 
pattern of breed distribution in Grenada. 

In conclusion, the present study revealed a high incidence 
(20.4%) of hemangioma and hemangiosarcoma, followed by 
mammary gland tumor (10.8%) and transmissible venereal 
tumor (7.6%). Mixed breed dogs were mostly affected (62.2%), 
followed by GSD (6.5%) and Labrador Retriever (5.6%). Tumor 
occurrence was highest in dogs of the >8–12 year age group 
(28.1%), followed by >5–8 year (25.8%) and >12 year (19.7%) age 
groups. These data provide valuable epidemiological 
information on spontaneous tumors occurring in the Grenadian 
dog population. 
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