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ABSTRACT. Rabbit oncology is gaining more attention as more pet rabbits are surviving beyond 
their normal lifespans. Due to the limited epidemiological information on pet rabbits’ tumors in 
Thailand, this study aimed to report the prevalence and the potential risk factors associated with 
tumors in pet rabbits in Thailand. From 2018 to 2022, 93 tissue biopsies from tumor-suspected 
lesions on pet rabbits were gathered from animal hospitals in Bangkok and Chonburi provinces, 
Thailand. According to histopathology confirmation, tumors and tumor-like lesions were diagnosed. 
In this study, the overall tumors were 67.74% (n=63) out of the submitted cases (n=93). The most 
commonly affected organ systems were reproduction (65.08%) and integumentary (22.22%). 
Rabbits older than 5 years were 3.85 times more likely to have reproductive tumors than younger 
rabbits (95% confidence interval (CI): 1.45–10.27, P≤0.01), and the most frequently occurring tumor 
type was uterine adenocarcinoma. Furthermore, male rabbits had a 17.02 times higher probability 
of developing cutaneous tumors than female rabbits (95% CI: 4.19–69.11, P≤0.001), and the most 
frequently occurring tumor type was soft tissue sarcoma. The results of this study thus suggested 
that the age and sex of the rabbits were potential risk factors for tumor development in Thailand. 
The knowledge gained from our study also provided the recommendation for owners to monitor 
their rabbits’ health annually, particularly after late middle age, and rendered guidance for tumor 
detection in practical clinics.
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Pet rabbits are among the small animals becoming more popular in Thailand because of their small space requirements and less 
time-consuming management. The provinces of Bangkok and Chonburi, which are located in the middle of the country, are among the 
most outstanding urbanized cities, with a significant number of specialists in exotic pets and the largest pet rabbit market. The Holland 
Lop, Netherland Dwarf, and Lion Head are among the breeds most frequently seen in Thailand. The majority of owners raised them 
indoors and fed them commercially fortified food. The exact number of pet rabbits raised in Thailand is unclear. But during the past 
few years, they have become more common as clinic clients.

The advancement of rabbit medicine has led to healthier and longer lives for rabbits [15]. According to various literary works, 
pet rabbits often live for 5 to 10 years. However, in recent years, the lifespan of rabbits has increased, and it is more typical to see 
animals older than 10 years, especially in the case of medium-sized rabbits [8, 19]. While dwarf and giant breeds have a lower life 
expectancy and geriatric disorders may be present in these breeds as early as 4 to 5 years of age, medium-sized rabbits may be termed 
geriatric at 7 years of age [8]. The increase in life expectancy of pet rabbits results in the development of degenerative diseases such 
as intervertebral disc degeneration [20], chronic renal disease [28], disorders of the vertebral column including spondylosis, calcified 
discs, narrowed discs, joint arthritis [22], and tumor diseases [32]. However, the knowledge of tumor diseases in this animal is still 
limited and needs the development of skills for approaching, diagnosing, and treating them [34].

There could be two original mechanisms that caused the tumor in pet rabbits: virus-induced and non-virus-induced causes. Shope 
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fibroma and papilloma are examples of virus-induced tumors caused by the Rabbit Fibroma Virus, a Leporipoxvirus spread by fleas 
and mosquitoes. The tumor spread in immunocompromised, young-adult, or newborn rabbits, resulting in their death [16, 26, 27, 
34]. The non-viral cutaneous tumors were reported as case series or case reports that originated from epithelial, mesenchymal, or 
hematopoietic cell origins. The common epithelial cell cutaneous tumor was reported as basal cell tumor [7, 21], while a single case 
report presented trichoepithelioma [1], tricholemmoma [24], and sebaceous gland adenocarcinoma [31]. A variety of mesenchymal 
cell tumor origins were reported, including lipoma, malignant fibrous histiocytoma, and hemangiosarcoma [34]. The most common 
hematopoietic tumor seen in young rabbits was lymphoma with or without cutaneous involvement [6, 13, 36]. The previous study 
found that pet rabbits had a tumor prevalence of 14.4%, the majority of which were morphologically malignant. When compared to age, 
prevalence increased to as high as 47.2% in rabbits older than 6 years. The most common type of tumor was uterine adenocarcinoma, 
which caused female rabbits to be more frequently affected by neoplasia [6].

A number of epidemiological factors, such as environment, host, agent, and time, were related to animal cancer. Age, breed, and 
sex of the host were associated with the risk of developing cancer in animals, while the variation in the geographic distribution of 
different types of animal cancer was an illustration of some environmental impacts [11]. In humans, the diverse environments and 
situations in the different regions (Asia vs. the West) generated different lifestyles and cultures, which in turn led to different cancer 
patterns based on gender and age [9, 23]. Studies on the occurrence and prevalence of tumors in pet rabbits were conducted in various 
regions of the world [3, 4, 6, 34], with Asia having the fewest reports [29].

Due to the limited information about rabbit tumor diseases occurring in Thailand, our study aimed to provide epidemiological data 
on pet rabbit tumors in terms of prevalence and risk factors for a naturally occurring tumor in pet rabbits in Bangkok and Chonburi 
provinces, Thailand. The findings of this study could be used as guidelines for further research, as well as providing information on 
potential types of tumors and predisposing factors for exotic pet veterinarians in tumor diagnosis and treatment during the gap periods 
of histopathological examination or in some cases that denied confirmation tests.

MATERIALS AND METHODS

Study population
The data used in this study came from hospital records of rabbits that underwent routine ovarian hysterectomy or had clinical 

signs of depression, anorexia, poor general health, and abnormal palpable masses. To confirm the suspected lesion, radiography and 
ultrasonography were employed. From July 2018 to June 2022, tissue biopsies from 93 pet rabbits (1–3 samples per month) were 
distributed across the years from four animal hospitals—two hospitals in Bangkok and two hospitals in Chonburi provinces, Thailand. 
Based on histological findings, the samples were diagnosed as tumors and tumor-like lesions by a certified pathologist from the 
Department of Pathology, Faculty of Veterinary Medicine, Chulalongkorn University, Bangkok. Case descriptions including age, sex, 
breed, body weight, and tumor location were also recorded. The rabbits’ age ranges were classified into four groups based on their 
life stages: young adult (1–3 years), middle age (>3–5 years), late middle age (>5–6 years), and old age (>6–10 years) [12].

Descriptive and statistical analysis
The percentage of occurrence (total cases, tumors, and tumor-like lesions), as well as the relative frequency (RF) categorized by 

organ systems (reproductive, integumentary, mammary gland, urinary, respiratory, and gastrointestinal), age, sex, tumor and tumor-
like lesions, and affected area, were calculated and analyzed. The descriptive and analytic statistics were computed for prevalence 
and the most significant variables. To assess the influence of age, sex, breed, and body weight on the development of reproductive 
and integument tumors, the analysis with likelihood ratio test (odds ratios; OR) and Pearson’s χ2 test (or Fisher’s exact test), using 
Epitools Epidemiological Calculators [30] was applied. Potential risk factors were defined as age (classified into two groups: rabbits 
aged 0–5.0 years and >5.0 years), sex (male, female), breed (Holland Lop, Lionhead, Netherland dwarf, Teddy bear, Woody Toy, and 
mixed breeds), and body weight (classified into 3 groups: <1.0, 1.0–2.0, and >2.0 kg). Results were reported as odds ratios (OR) with 
their associated 95% confidence intervals (CI), and the significant level was considered at P value less than 0.05.

RESULTS

Tumor in different organ systems of pet rabbit
A total of 93 cases were suspected of being tumors by the animal hospitals during 2018–2022. According to the organ system 

classification, the reproductive (74.19%) and integumentary (16.13%) systems had the highest reported case numbers. However, only 
63 cases (67.74%) of the total 93 cases were identified as tumors, with the highest number of tumors occurring in the reproductive 
system (65.08%), followed by the integumentary system (22.22%) and mammary gland (4.76%), respectively. Other tumors in 
different organ systems, such as the urinary system (perirenal lipoma and nephroblastoma), respiratory system (fibrosarcoma and 
mediastinal lymphoma), and gastrointestinal system (oral fibroma), were found sporadically. According to sex categorization, the 
prevalence of tumors in pet rabbits was found mostly in females (Table 1). The median age of pet rabbits diagnosed with tumors was 
6.7 years (interquartile range (IQR): 1–11 years), while that of rabbits diagnosed with tumor-like lesions was 4.1 years (IQR: 1–11 
years) (Table 2). Based on life stage distribution, the number of tumor cases gradually increased as the rabbit aged, while the number 
of tumor-like cases did not (Fig. 1).

Tumor of reproductive systems in pet rabbits
Only 41 (59.42%) out of the 69 reproductive cases had tumor diagnoses (Table 1). The remaining 28 cases (40.58%) represented 
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inflammatory, hyperplasia, cystic, and degenerative conditions. In addition, the prevalence of tumor cases in females (n=32) was 
higher than in males (n=9). Female rabbits had 1.58 times the odds of a reproductive tumor diagnosis compared to male rabbits (95% 
CI=0.61–4.07 and P=0.47) (Table 3). The median age of rabbits diagnosed with reproductive tumors was 6.15 years (IQR: 1–10 years) 
(Table 2). Moreover, rabbits over 5 years old had 3.85 times the odds of reproductive tumors compared to rabbits under or equal to 
5 years old (95% CI=1.45–10.27 and P=0.01) (Table 3). Uterine adenocarcinoma was the most common type of female reproductive 
tumor in pet rabbits (43.90%) with a median age of 7 years (IQR: 4.1–10 years), while cystic endometrial hyperplasia was the most 
common type of female reproductive tumor-like lesion (75%), with a median age of 4.05 years (IQR: 1–8.7 years) (Table 4). The 
most frequent male reproductive tumor in pet rabbits was an interstitial cell tumor (17.07%) with a median age of 8 years (IQR: 6–9 

Table 1. The overall case numbers of pet rabbits diagnosed with tumors and tumor-like lesions are categorized by organ systems and sex

Organ systems

Case numbers
Tumors Tumor-like lesions Total cases

Female Male Total  
(% of all tumors) Female Male Total  

(% of all tumor-like lesions) Female Male Total  
(% of all cases)

Reproductive system 32 9 41 (65.08) 27 1 28 (93.33) 59 10 69 (74.19)
Integumentary system 3 11 14 (22.22) 0 1 1 (0.33) 3 12 15 (16.13)
Mammary gland 3 0 3 (4.76) 0 0 0 (0) 3 0 3 (3.23)
Urinary system 0 1 2 (3.17) 1 0 0 (0) 1 1 2 (2.15)
Respiratory system 1 1 2 (3.17) 0 0 0 (0) 1 1 2 (2.15)
Gastrointestinal system 1 1 1 (1.59) 0 0 1 (0.33) 1 1 2 (2.15)
Total 40 23 63 28 2 30 68 25 93

Table 2 The median and mean ages (years) of the cases diagnosed with tumors and tumor-like 
lesions are categorized by organ systems

Organ systems
Median* / Mean† age in years (range)

Tumors Tumor-like lesions Total cases
Reproductive system 6.15/6.55 (1–10) 4/4.29 (1–9) 6/5.64 (1–10)
Integumentary system 8/7.51 (3–10.1) 11 9/7.74 (3–11)
Mammary gland 8/7.97 (5.9–10) - 8/7.97 (5.9–10)
Gastrointestinal system 5.9 8.7 7.3 (5.9–8.7)
Urinary system 7.5 (4–11) - 7.5 (4–11)
Respiratory system 5.1 (4.2–6) - 5.1
Total 6.7/6.81 (1–11) 4.1/4.67 (1–11) 6/6.13 (1–11)
*Median age=middle age that separates the greater and lesser halves of the data set (second quartile). †Mean 
age=arithmetic average of the age. If ≤2 cases with known age, only one value was indicated.

Fig. 1. The number of cases and their distribution by rabbit life stage. Young adults (1–3 years), middle age (>3–5 years), 
late middle age (>5–6 years), and old age (>6–10 years) were the four categories used to categorize different life phases.
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Table 3. Univariate analysis of risk factors associated with pet rabbit tumors from animal hospitals in 
Central Thailand during 2018–2022

Risk factors Categories Tumor cases (%RFa) OR 95% CI (OR) P valueb

Reproductive system (n=41)
Age  >5 years 34 (53.97) 3.85 1.45–10.27 0.01*

0–5 years 7 (23.33)
Sex Female 32 (47.06) 1.58 0.61–4.07 0.47

Male 9 (36)
Breed Holland Lop 8 (40) 0.81 0.3–2.21 0.87

Lionhead 1 (50) 1.27 0.08–21.02 1
Netherland dwarf 9 (42.86) 0.94 0.35–2.80 1
Teddy bear 2 (40) 0.84 0.13–5.26 1
Woody toy 1 (100) 3.89 0.15–97.99 0.44
Mixed 20 (48.78) 1.41 0.62–3.21 0.55

Body weight  <1 kg 4 (36.36) 0.69 0.19–2.56 0.821
1–2 kg 27 (47.37) 1.41 0.61–3.30 0.56
 >2 kg 10 (43.48) 0.97 0.37–2.5 1

Integument system (n=14)
Age  >5 years 11 (17.46) 1.9 0.49–7.41 0.529

0–5 years 3 (10)
Sex Male 11 (44) 17.02 4.19–69.11  <0.0001*

Female 3 (4.41)
Breed Holland Lop 3 (15) 0.99 0.25–3.97 1

Netherland dwarf 2 (9.52) 0.53 0.11–2.56 0.73
Mixed 9 (64.29) 2.64 0.81−8.62 0.174

Body weight  <1 kg 1 (9.09) 0.53 0.06–4.51 1
1–2 kg 6 (10.34) 0.39 0.12–1.24 0.182
 >2 kg 6 (26.09) 2.74 0.83–8.96 0.1

a Relative frequency (RF) is tumors cases given all total cases both tumors and tumor-like lesions. b χ2 test or Fisher’s exact test.  
* Significant level of P<0.05.

Table 4. Reproductive tumor and tumor-like lesions in pet rabbits

Type of lesions Number of cases  
(% of total)

Median* / Mean† age in years 
(range) Affected areas

Tumor
Uterine adenocarcinoma 18 (43.90) 7/6.91 (4.1–10) Uterus
Luteoma 3 (7.32) 5.9/4.3 (1–6) Ovary
Interstitial cell tumor (Leydig cell tumor) 7 (17.07) 8/7.6 (6–9) Testis
Leiomyosarcoma 4 (9.76) 7/6.75 (4–9) Uterus
Leiomyoma 2 (4.88) 3.5 (3–4) Uterus
Uterine adenoma 1 (2.44) 5.9 Uterus
Papillary adenoma 2 (4.88) 6 (6–6) Ovary, oviduct, uterus
Soft tissue sarcoma 2 (4.88) 6.7 (6.7–6.7) Ovary, uterus
Myxosarcoma
Fibrosarcoma
Seminoma 1 (2.44) 3 Testis
Sertoli cell tumor 1 (2.44) 9 Testis
Total 41 6.15/6.55 (1–10) Ovary, oviduct, uterus, testis
Tumor-like
Cystic endometrial hyperplasia 21 (75) 4.05/4.42 (1–8.7) Uterus
Follicular cyst 2 (7.14) 1.65 (1.3–2) Ovary
Uterine papillary hyperplasia 1 (3.57) 2.6 Uterus
Persistent corpus luteum 1 (3.57) 1.3 Ovary
Severe necrotic suppurative endometritis 1 (3.57) 5 Uterus
Testicular atrophy 1 (3.57) 6 Testis
Calcification 1 (3.57) 9 Ovary
Total 28 4/4.29 (1–9) Ovary, uterus, testis
*Median age=middle age that separates the greater and lesser halves of the data set (second quartile). †Mean age=arithmetic average of the 
age. If ≤2 cases with known age, only one value was indicated.
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years) (Table 4).

Tumor of integumentary systems in pet rabbits
According to Table 1, 14 (93.33%) out of the 15 integumentary cases had tumor diagnoses. In contrast to the reproductive systems, 

the presence of tumor cases in males (n=11) was significantly higher than in females (n=3) (OR=17.02, 95% CI=4.19–69.11, and 
P<0.001) (Table 3). The median age of rabbits diagnosed with cutaneous tumors was 8 years (IQR: 3–10.1 years) (Table 2). The 
rabbits weighing over 2 kg had 2.74 times the odds of having skin tumors (95% CI=0.83–8.96 and P=0.1). In addition, the mixed 
breed rabbits tended to have the tumor 2.64 times (95% CI=0.81–8.62 and P=0.174) compared to other pure breeds (Table 3). Soft 
tissue sarcoma was the most common type of cutaneous tumor in pet rabbits (Table 5). The anatomical localization of cutaneous 
tumors was shown in Table 5.

DISCUSSION

In this study, reproductive tumors were the most common, followed by cutaneous tumors in pet rabbits. This was compatible with 
some studies [6], but it was contrary to some earlier claims suggesting cutaneous tumors were more common [3]. Animal sex and age 
were the potential risk factors for the occurrence of the tumor. Our study indicated that tumors tend to affect females more frequently, 
which was similar to the previous report [6]. When comparing the prevalence with the life stage of the rabbits, tumor prevalence 
gradually increased in aged rabbits, whereas that of tumor-like lesions did not (Fig. 1). The common life stage of rabbits with tumors 
was old age (median: 6.7 years of life; IQR: 1–11 years), while previous study in European country reported that the life stage of 
rabbits with neoplasms occurred earlier at late middle age (median: 6 years of life [6] and mean: 5.7 years of age [3]). This different 
result implied that Asian environmental factors, in addition to host factors, might influence the age-related tumor’s occurrence in 
various parts of the world.

Similar to other previous reports, the majority of tumor cases in this study were reproductive tumors, which were more common in 
females than males [6, 14, 32]. The affected life stage of the rabbits with the tumor was old age (median: 6.15 years of life; IQR: 1–10 
years) compared to that of rabbits with a tumor-like lesion was middle age (median: 4 years of life; IQR: 1–9 years). Interestingly, 
the probabilities of reproductive tumors were 3.85 times significantly higher in rabbits over 5 years of age compared to rabbits under 
or equal to 5 years of age. This finding was consistent with earlier studies, which demonstrated that tumor-like lesions were more 
common in younger animals, while the incidence of reproductive tumors increased with age [5]. The most common female reproductive 
tumor, similar to previous studies [3, 5, 6], was uterine adenocarcinoma, while the most common reproductive tumor-like lesion was 
cystic endometrial hyperplasia [5, 18, 29, 35]. The high prevalence of cystic endometrial hyperplasia and uterine adenocarcinoma 
might be related each other. Age-related increases in the prevalence of uterine adenocarcinomas might be due to hormonal stimulation, 
specifically progesterone and estrogen, which play a crucial role in tumor growth [2, 33]. Although cystic endometrial hyperplasia 
(CEH) was more frequently observed in middle-aged to older rabbits [5], its prevalence also rose with age. It was thought to develop 
from estrogen or progesterone stimulation and was proposed as a precursor to uterine adenocarcinoma in later life stages [2]. As in a 
previous study, interstitial cell tumor was the most common male reproductive tumor, followed by seminoma and Sertoli cell tumor [3].

Table 5. Cutaneous tumor and tumor-like lesions in pet rabbits

Type of lesions Number of cases  
(% of total)

Median* / Mean† age in years 
(range) Locations

Tumor
Soft tissue sarcoma 6 (42.86) 8/7.83 (5–10.1) Left hindlimb, left flank, lumbar, 

ventral abdomen, forelimb-Malignant fibrous histiocytoma
-Neurofibrosarcoma or hemangiopericytoma
-Hemangiopericytoma or fibrosarcoma
-Myosarcoma or fibrosarcoma
-Giant cell sarcoma
-Fibrosarcoma

Basal cell tumor (Trichoblastoma) 3 (21.43) 7/6.33 (3–9) Shoulder
Squamous cell carcinoma 2 (14.29) 9.5 (9–10) Upper lip
Apocrine cystic papillary adenoma 1 (7.14) 9 Face
Lipoma 1 (7.14) 4.1 Neck
Unidentified carcinoma 1 (7.14) 7 Dorsal back
Total 14 8/7.51 (3–10.1) Limb, flank, lumbar, ventral abdomen, 

shoulder, lip, face, neck
Tumor-like
Third eyelid glandular hyperplasia 1 (100) 11 Eye
Total 1 11 Eye
*Median age=middle age that separates the greater and lesser halves of the data set (second quartile). †Mean age=arithmetic average of the age. If ≤2 cases 
with known age, only one value was indicated.
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Cutaneous tumors were the second most frequent tumors in this study. Similar to earlier studies [3, 6, 25], male rabbits were more 
likely than female rabbits to develop cutaneous tumors. According to this study, male rabbits had a 17.02 times higher probability of 
developing cutaneous tumors than female rabbits, and the risk was 2.74 times higher in rabbits weighing more than 2 kg, even though 
it was just a trend. The affected life stage of the rabbits with cutaneous tumors was old age (median: 8 years of age; IQR: 3–10.1 
years), which was different from prior studies that reported the tumor occurred earlier in life at 5–5.51 years of age [3, 6]. Since such 
different age-related evidences were reported in European region, our result suggested the idea that other factors, in addition to the 
host factor but also environmental factors, might influence the occurrence of the cutaneous tumor in Thailand. Additionally, more 
than 80% of cutaneous cases were tumor, and the majority of the cutaneous tumors in this study were malignant [3, 25], in which soft 
tissue sarcoma, rather than trichoblastoma [17], was the most prevalent cutaneous tumor.

According to a previous report, most mammary gland tumors (>70%) were malignant, with predisposing factors including age 
(older rabbits with a mean age of 5.5 years; range, 2–14), breed (New Zealand White, English, and Belgian breeds), gender (intact 
female), and multiparity [4, 10, 32]. Estrogen and progesterone were suggested as the crucial factors influencing mammary cancer 
occurrence in pet rabbits [10]. In this study, mammary tumors were occasionally found, particularly in older female rabbits (median: 
8 years of age; IQR: 5.9–10 years), most of which were malignant (adenocarcinoma and malignant myoepithelioma). There were 
other infrequent reports of mediastinal lymphoma, oral fibroma, fibrosarcoma, abdominal lipoma, and nephroblastoma, which were 
also found sporadically in this study.

The limitation of the present study was a retrospective study, in which some neoplastic masses were not identified or reported by 
the initial diagnostic service. Because of economic considerations, several domestic rabbit owners declined an antemortem diagnosis, 
resulting in limited case numbers of some neoplasia. Moreover, some internal masses might be unnoticed by the owner, and some 
owners preferred not to have a necropsy or confirm them histopathologically. It was, therefore, possible that the actual prevalence of 
neoplasia in pet rabbits may be higher than in the current study. Moreover, the history that might provide information on risk factors 
such as rabbit behavior, neutering, parity, and vaccine status was lacking in this study.

In conclusion, the reproduction and integumentary were the most prevalently affected systems by tumors, especially uterine 
adenocarcinomas and soft tissue sarcomas. The possible risk factors associated with the tumors were the rabbits’ sex and age. The 
older the rabbits got, the more reproductive tumors were observed, especially in female. Furthermore, male rabbits had a higher 
probability of developing cutaneous tumors than female ones. The knowledge from our study could be useful for practitioners for 
making a differential diagnosis of tumor in old rabbits and help suggesting the owners to check on their pet’s health annually, especially 
after age 5 or in late middle life. Furthermore, the findings of this study also suggested future investigations into the prevalence and 
other risk factors for the development of pet rabbit tumors in the Asian region.
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