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Abstract

:

Simple Summary


The increasing incidence of cancer in animals is a growing concern, with mammary cancer being the most prevalent form in female dogs. Efforts have been made to prevent and understand the factors contributing to its development. Using data from a veterinary hospital of reference in Brazil, we determined that the size dog, breed type, housing, and body score influence the risk of developing malignant mammary tumors.




Abstract


Mammary cancer is one of the main causes of death in female dogs worldwide, considering that many risk factors are involved in its development. This study aimed to elucidate the relationship between epidemiological and clinical risk factors with the histopathological diagnosis of malignant mammary tumors in dogs treated at the Veterinary Hospital of the Federal University of Uberlândia, which has one of the first veterinary oncology services in Brazil. A retrospective matched case-control study was conducted to identify risk factors for the development of malignant mammary tumors in dogs. The variables analyzed were size dog, breed, housing, type of diet, and body score. Potential risk factors were selected by univariate analysis (p < 0.25) before multivariate forward binary logistic regression. The most frequent benign tumor was the benign mixed tumor (35.2%), and the most frequent malignant tumor was the mixed carcinoma (27.4%). Size dog, breed, housing, and overweight are predictors of malignant mammary tumors in dogs. The highest risk of developing malignant mammary tumors is associated with large female dogs, Yorkshire or Poodle breeds, living outside the home, or being overweight.
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1. Introduction


Mammary neoplasms, the most common in female dogs, represent 50 to 70% of diagnoses [1,2,3,4,5,6]. With an annual incidence of approximately 200 cases per 100,000 dogs and a malignancy rate of over 50%, canine mammary cancer, as well as human, represents an important health problem [2,4,7,8,9]. In Brazil, the prevalence of these tumors ranges from 26 to 63%, and the malignancy index from 62% to 92% [10,11,12,13,14,15,16,17,18]. This malignancy is greater than reported worldwide. These data emphasize the importance of epidemiological studies in expanding our understanding of pathogenesis and identifying prevention and treatment strategies that benefit both species [19,20,21].



The etiology of canine mammary cancer is complex and multifactorial, involving epidemiological, histological, and clinical factors. Age and reproductive status are the known and most important epidemiological factors for canine mammary cancer. However, other factors, such as breed, type of diet, and obesity, have been associated with an increased risk of developing canine mammary cancer [6,22]. Despite the variation in life expectancy of different breeds, the highest occurrence of mammary tumors (MTs) is between 7 and 11 years old, with the average age of dogs with malignant tumors being higher than that of dogs with benign tumors. In general, the risk increases with age, becoming significant after eight years of age [7,23,24,25].



Exposure to endogenous sex hormones is known to play an important role in the development of the disease. Female dogs spayed before the first estrous cycle have a 0.5% lifetime relative risk of developing MTs. This value varies between 8% and 26% if they are ovariohysterectomized after the first and second heat, respectively. The protective effect of ovariohysterectomy (OHE) decreases with each estrous cycle, with the effective age around 2.5 years of age [23]. Mammary tumors affect dogs with or without a defined breed but are more commonly reported in purebred and smaller dogs [7,25,26].



In humans, obesity is a known risk factor for breast cancer; obese women are more often diagnosed with metastases and more aggressive tumors [27,28]. In dogs, body weight during puberty is known to have a significant effect on the risk of mammary tumors [29]. Being overweight and obese can influence the development and progression of canine mammary tumors, being associated with a higher tumor histological grade [30].



In most cases, surgical removal is the standard treatment and should always be followed by a histopathological examination [31,32]. The histopathological report must contain information such as tumor subtype, tumor grade, lymphatic invasion, surgical margins, and presence/absence of metastasis in regional lymph nodes [31,33,34]. The clinical characteristics of MTs are important in establishing a prognosis, and therefore evaluation of tumor size (T), lymph node involvement (N), and distant metastasis (M) are requirements of the malignant tumor classification system (TNM) for the staging and prognosis, created in 1980 by the World Health Organization (WHO) [35].



In this study, a retrospective statistical analysis was performed to analyze the characteristics of 861 mammary tumors diagnosed in females treated at the Veterinary Hospital of the Federal University of Uberlândia (HV-UFU). In May 2018, the hospital installed the Veterinary Oncology Clinic and Surgery Service (SECCON), which is the first veterinary oncology service in the state of Minas Gerais, and a pioneer among universities in Brazil to comply with the biosafety standards for the handling of chemotherapy required by the National Health Surveillance Agency (ANVISA) [36]. The relationship between risk factors and histopathological diagnosis was analyzed in order to assess their ability to generate data for predicting the diagnosis in dogs. The objective of this work was to investigate the possible risk factors for the development of malignant mammary tumors in dogs.




2. Materials and Methods


2.1. Ethics Aspects


This research was approved by the Ethics Committee on the Use of Animals of the Federal University of Uberlândia under reference number A009/21. The evaluation was waived due to its retrospective nature.




2.2. Data Collection


This retrospective study was based on the review of 26,161 medical records of dogs treated at the Uberlândia University Veterinary Hospital between January 2015 and December 2020.



The samples were processed using the routine technique for histopathology: paraffin embedding and hematoxylin-eosin staining. All histological diagnoses were classified according to the recent publication Surgical Pathology of Tumors of Domestic Animals, Volume 2: Mammary Tumors [31]. Based on the applied classification [31], mammary tumors were classified as benign or malignant and staged accordingly to the modified TNM classification [6,25,32,35].



For staging, the following information was used: tumor size, lymph node status, and presence of metastases. The size was considered the largest diameter of the malignant tumor, and regional lymph nodes were evaluated by histopathology or fine-needle aspirate for cytology; immunohistochemistry was not used in any of the diagnoses. Three-way thoracic radiographs and abdominal ultrasonography were used to assess distant metastases.



Epidemiological information (Figure 1), as well as clinical characteristics of the tumor (primary size, location, metastasis, surgery, and lymph node involvement), were obtained from the records of animals with a histopathological diagnosis of mammary tumor. Animals with insufficient information in their medical records on some of the factors were excluded from the study.



Two databases were created: the first included the patient only once in the system, with the option of subsequent diagnoses. The second included histologically different tumors from the same dog, resulting in a higher number of tumors than dogs. For statistical analysis, both databases were used, depending on the trait analyzed.




2.3. Statistical Analysis: Descriptive Statistics and Univariate Analysis


Statistical analysis was performed to determine risk factors associated with the development of malignant mammary tumors in dogs using the Statistical Package for the Social Sciences (SPSS) software version 26.0 (SPSS Inc., Chicago, IL, USA). Student’s t-test was used to analyze continuous variables, and Welch’s test correction was used when variances between groups were unequal. The Shapiro–Wilk test was used to determine normality. The chi-square (χ²) or Fisher test was used for categorical variables. The Kruskal–Wallis test, followed by Dunn’s post hoc test, was used to compare tumor size between tumor staging groups.



The results were considered significant at p ≤ 0.05, and the statistical effect power was analyzed, considering a very small effect when d = 0.1; small if d = 0.2, medium if d = 0.5, large if d = 0.8, and very large if d = 2.0 [37,38]. The power of effect of the Kruskal–Wallis test was classified as follows: epsilon-squared (↋2) between 0.01 ≤ 0.08, small effect when ↋2 between 0.08 ≤ 0.26 medium effect, and when ↋2 ≥ 0.26, the effect was considered large [39,40].



A preliminary univariate analysis of all potential risk factors (size of dog, breed, housing, type of diet, and body score) was performed with the histopathological diagnosis of a malignant mammary tumor (Figure 1). For statistical purposes, the age variable was classified into classes (0–4 years; 5–8 years; 9–12 years, and >13 years), and the body score variable (1 to 9) was classified into four categories: underweight (scores 1, 2, and 3/9), ideal weight (scores 4 and 5/9), overweight (scores 6 and 7), and obesity (scores 8 and 9/9) [41].



Dogs were classified by size according to breed; mixed breed animals were classified as follows: dogs weighing less than 10 kg, small size; dogs weighing between 10 and 25 kg, medium size; dogs weighing between 26 and 44 kg, large size [42].



The results were initially described using the mean and standard deviation for continuous variables and a frequency table for categorical variables. The largest diameter of the primary tumor was treated as a continuous variable and categorized according to the tumor classification system (TNM) into three categories: T1 (<3 cm), T2 (3–5 cm), and T3 (>5 cm) [35].




2.4. Statistical Analysis: Multivariate Analysis and Prediction Model


A matched case-control study was conducted using logistic regression analysis to assess the impact of different variables (size of dog, breed, type of diet, housing, and body score) on the diagnosis of a malignant mammary tumor. The database used was per animal; that is, females with multiple tumors were registered only once. As previously described, age and weight were converted to categorical. For this analysis, we selected 449 female dogs with at least one diagnosis of malignant mammary tumor, confirmed by histopathological examination and with complete medical records, including histopathological reports. Controls were selected from the same population, matched by age and year of care; the following inclusion criteria were used for the case group:




	
Female dogs;



	
Absence of nodules or suspicion of neoplasms;



	
Have not been spayed before 3 years of age.








In the process of age matching, it was found that 35 animals from the case group did not have the age information in the medical records. To address this, controls between 9 and 12 years of age were selected for matching purposes. As for the selection of controls based on reproductive status, unspayed female dogs were chosen. This decision was made because of the difficulty in finding advanced-age unspayed controls. It should be noted that female dogs spayed over 3 years of age were considered unspayed for the study, considering that the maximum recommended age for spaying to obtain preventive benefits against mammary tumors is 2.5 years [23].



To assess the percentage of prediction of each potential risk factor in the development of malignant mammary tumor occurrence, univariate analysis variables with a result of p < 0.25 were entered into a direct binary logistic regression model [43]. In the construction of the prediction model, the Hosmer-Lemeshow test was used to verify the goodness of fit of the model, and ORs greater than 1.00 with p < 0.05 were considered significant [44].





3. Results


3.1. Histopathological Diagnosis


Over six years, a retrospective study was conducted to determine the prevalence of mammary tumors in a population of dogs. The study population consisted of 26,161 canines whose medical records were analyzed. The incidence of mammary tumors in the population of dogs treated at the Uberlândia University Veterinary Hospital between January 2015 and December 2020 was 142 cases per 10,000 dogs (IC95%: 136 to 148). Of the 26,161 medical records analyzed, 1070 dogs with 1718 histopathological results had different tumors. Of these, 861 histologically distinct mammary tumors were detected in 465 dogs. Among these female dogs, 44% (205/465) had only one diagnosis of mammary tumor, while 55.9% (260/465) had two or more histologically different types of mammary tumor, and 88% (410/465) of females with mammary tumors have had a partial or total mastectomy. Furthermore, almost all females with mammary tumors (96.5%, 449/465) were diagnosed with at least one malignant mammary tumor.



Based on histological classification, 12.2% (105/861) of the tumors were identified as benign, while the remaining 87.8% (756/861) were classified as malignant. Furthermore, according to the applied classification scheme, 4% (36/861) of the tumors were characterized as simple benign tumors, 7.5% (65/861) as non-simple benign tumors, 0.46% (4/861) as ductal-associated benign tumors, 36.4% (314/861) as simple malignant, 41.5% (357/861) as non-simple malignant, 3% (26/861) as special type malignant and 3.1% (27/861) as sarcomas (Table 1). Of all benign tumors, the benign mixed tumor was the most commonly diagnosed lesion (37/105; 35.2%), followed by a simple adenoma (36/105; 34.2%) and a complex adenoma (24/105; 22.8%). Conversely, mixed carcinomas were the most frequently observed malignant tumors (207/756; 27.4%), followed by complex carcinomas (144/756; 19%) and tubulopapillary carcinomas (135/756; 17.8%).




3.2. Size Tumor, Classification of Malignant Tumors (TNM), and Staging


The following reports present the characteristics of primary mammary tumors in female dogs and their classification according to the TNM staging system. The mean size of the primary tumors was 3.63 cm (SD = 3.99, n = 684), with a range of 0.2–25 cm. Malignant tumors were larger (n = 614, mean = 3.74, SD = 4.07) than benign tumors (n = 70, mean = 2.62, SD = 3.05) (Diff. = 1.12 t-test = −2.80, p = 0.006, Glass’s Δ1 = 0.37, 95% CI [0.12, 0.62]).



There was no significant difference in tumor diameter between spayed dogs (n = 168; mean = 3.11; SD = 3.79 cm) and unspayed female dogs (n = 498; mean = 3.80; SD = 4.10 cm) (diff. = 0.69 t-test = 1.93, p = 0.054).



As for size, 38, 32, and 69 tumors were classified as T1, T2, and T3, respectively [25]. Among the histopathological reports available, only 17.3% (78/449) of the cases provided information on regional lymph nodes. Among these cases, 69.2% (54/78) had compromised regional lymph nodes, while 30% (24/78) showed no evidence of tumor cells.



Staging analysis revealed that 26% (20/78) of female dogs were in stage I (T < 3 cm, N0M0), 2.5% (2/78) in stage II (T: 3–5 cm N0M0), 2.5% (2/78) in stage III (T > 5 cm N0M0), 61% (48/78) in stage IV (N1M0), and 8% (6/78) of the female dogs were stage V (M1) of the disease (Table 2).



Tumors considered stage I were smaller in diameter (n = 20; median 1, ranges 0.3–11 cm) than those in stages IV (n = 48; median 3.75, ranges 0.6–23 cm) and V (n = 6; median 7.75, ranges 2.7–25 cm) (Kruskal–Wallis χ² = 23.691, p = 0.000; post hoc test, p = 0.001) (↋2 = 0.308 V) [39,40].




3.3. Univariate Analysis


The study enrolled 909 female dogs that satisfied the predefined inclusion criteria. Among these cases, 449 were assigned to the case group (female dogs with malignant mammary tumors), while 460 belonged to the control group (female dogs without any type of tumor). The dichotomous dependent variable in this study was the presence or absence of a malignant mammary tumor (yes, case group; no, control group), a factor examined together with other variables.



The preliminary univariate analysis of the variables revealed that the size of the dog, breed type, housing, and body score were significantly associated with the histopathological outcome of malignant mammary tumors (Table 3 and Table 4).




3.4. Descriptive Statistics


3.4.1. Age


The age of the female dogs was assessed at the time of diagnosis, ranging from 3 to 20 years, with a mean age was 10.35 ± 3.030 (mean ± SD). No statistical differences were observed in age between female dogs with malignant mammary tumors (n = 449; mean = 10.35; SD = 3.030) and tumor-free female dogs (n = 460; mean = 10.15; SD = 2.90). The age distribution of the female dog was evaluated and showed that most of them were between 9 and 12 years at the time of diagnosis, accounting for 47.3% (196/414) of the cases. Furthermore, Poodles (n = 60; mean = 10.88; SD = 3.53) were significantly older at the time of diagnosis than other breeds (n = 169; mean = 9.91; SD = 2.90) (Diff. = 109; t-test = 2.24, p = 0.026).




3.4.2. Breed and Size Dog


The present study revealed that small dogs (265/449; 59%) constituted the majority of the female canine population, followed by medium-sized dogs (130/449; 29%) and large dogs (54/449; 12%). Additionally, the size dog was significantly associated with the diagnosis of a malignant mammary tumor (χ² (2) = 16.272; p < 0.001).



The percentage of dogs with a defined breed (229/449; 51%) was slightly higher compared to the percentage of dogs without a defined breed (220/449; 48.9%). Among the defined breed, the Poodle was the most common (60/229; 27.4%). However, the power of effect of this result was considered small (Cohen’s ds = 0.34, 95% CI [−0.13, −1.24]) [37,38]. At the time of diagnosis, the mean age of dogs of a specific breed did not differ from the mean age of dogs of an unspecified breed (t-test = 1.12, p = 0.263).




3.4.3. Housing


Regarding housing data, 90.4% (n = 406) of the cases with malignant mammary tumors had information about housing in medical records. The vast majority of dogs resided indoors (317/406; 78%), while 21.9% (89/406) reside outdoors or on a farm. The type of housing was significantly associated with the diagnosis of malignant mammary tumor (χ² (1) = 26.390; p < 0.001).




3.4.4. Body Score


In their medical records, 75.9% (n = 341) of the dogs had a body score ranging from 1 to 9/9. Most of the dogs (145/341; 42.5%) were at the ideal weight, followed by overweight (127/341; 37.2%) and obese female dogs (50/341; 14.6%). The body score category was significantly associated with the diagnosis of a malignant mammary tumor (χ² (3) = 16.083; p < 0.001).




3.4.5. Reproductive Status


Among female dogs with malignant mammary tumors, 432 had reproductive status information in their medical records, of which 25.6% (111/432) were recorded as spayed. Upon analysis of the age of castration, most spays occurred during adulthood (over four years), with a mean age of castration of 13.08 ± 1.90 years. Only seven female dogs did not have any information in their medical records that would allow identification of their age of castration but were considered not spayed for matching. Most of the dogs (321/432; 74.3%) were not spayed; of these, 43.6% (140/321) were spayed at the time of mastectomy, thus being categorized as not spayed.





3.5. Multivariate Analysis and Creation of the Prediction Model


The multivariate logistic regression analysis considered the following variables as risk factors for the development of malignant mammary tumors: size of dog, breed type, housing, and body score (Table 5). The type of diet was not significant, and its exclusion from the model improved its predictive capacity. The model with dog size, breed type, housing, and body score was significant [χ² (15) = 61.863; p < 0.001, R2Negelkerke = 0.106]. The Hosmer-Lemeshow test indicated that the model had a good predictive capacity, with a χ² of 2.418 and eight degrees of freedom (p = 0.965).



Size dog, body score, housing, and breed type were confirmed as risk factors. Specifically, the Yorkshire terrier breed was strongly associated with malignant mammary tumors (OR = 7.22, 95% CI: 2.85–18.25, p < 0001), but other breeds were also at increased risk, such as Maltese and Poodles (Figure 2). Overweight dogs are at higher risk than animals at the ideal weight (OR = 1.71, 95% CI: 1.20–243, p = 0.003).



Size dog was confirmed as a risk factor, with large dogs exhibiting the highest risk (OR = 2.81, 95% CI: 1.46–5.40, p = 0.002). Dogs housed outdoors or on the farm are at increased risk of developing malignant mammary tumors (OR = 2.05, 95% CI: 1.30–3.22, p = 0.002) compared to those housed indoors. The type of diet was not significantly related to the malignant mammary tumor.





4. Discussion


The increasing incidence of neoplasms in dogs is becoming a significant concern in veterinary medicine. Hence, the attention of veterinary oncology has been directed toward the prevention, early diagnosis, and enhancement of the lifespan of dogs with mammary tumors (MTs). In this context, the study of canine cancer is primarily focused on the identification and control of risk factors [8,9,45]. Therefore, a comprehensive retrospective statistical analysis was conducted to determine the risk factors that lead to the development of malignant mammary tumors in dogs.



The high rate of malignancy found is in line with other studies carried out in Brazil [10,11,12,13,14,15,16,17,18]. One explanation is that early detection and preventive care are still not within the desirable range, and many tumors are diagnosed late. Late diagnosis is related to larger tumors, worse prognosis, and distant metastases [11,13,36,46,47,48]. Furthermore, the time elapsed between the appearance of the lesion and histopathological examination may also contribute to this phenomenon since prolonged time allows the progression of benign to malignant tumors [22].



In the present study, many animals were in an advanced stage of the disease; that is, the search for care was late. Socioeconomic factors, such as education and income, made the time to search for veterinary medical services longer [13]. Such observation probably occurred in the studied population since the study’s veterinary hospital is a university hospital and has assistance programs for the low-income population receiving different socioeconomic levels and many animals rescued by nongovernmental organizations (NGOs). These data reinforce the need to be aware of the prevention and early detection of mammary tumors in female dogs at all socioeconomic levels.



The increase in malignancy is an aspect to be acknowledged and is also observed in human breast cancer [4,9,33]. The rise in malignancy could also be attributed to environmental factors that expose organisms to oncogenic agents. Dogs share the same environment with their guardians and are exposed to the same environmental contaminants, making them potential sentinels [9,49].



The most common type of tumors observed were mixed tumors, which is consistent with the findings reported in the literature. These mixed neoplasms in dogs typically consist of luminal epithelial and interstitial myoepithelial components, often accompanied by areas of mesenchymal tissue, including cartilage, bone, and fat [31,50].



The data presented in the current study support previous findings in the literature on the preferred treatment for mammary tumors in dogs. Except for inflammatory carcinoma, surgical excision (mastectomy or lumpectomy) remains the treatment of choice for MTs [32,51]. In the current study, most dogs underwent surgical removal of their tumors, with an additional 31% of the animals undergoing spaying in conjunction with mastectomy. It is worth noting that spaying female dogs during tumor removal does not impact their survival rates. However, there is a significant decrease in the risk of developing new tumors, which highlights the positive association between castration and mammary tumor removal [52,53].



The study revealed that a large proportion of female dogs with mammary tumors (321 out of 432, representing 74.3%) were not spayed. For those who did undergo spaying, the procedure was performed during adulthood, confirming the protective effects of ovariohysterectomy (OHE) in preventing the development of mammary tumors, as previously described by several authors. These protective effects are likely due to the inhibition of sex steroid effects [23,51,54]. Early neutering, before the first estrous cycle, was routinely recommended for the prevention of mammary cancer in female dogs, as there is substantial evidence linking estrogen with mammary carcinogenesis [23,51,54,55]. As estrogens are also crucial for the proper functioning of numerous organs, scientists are currently questioning this recommendation [56]. Some harmful effects, such as urinary incontinence, skeletal muscle disorders, brain aging, and the development of certain tumors, have been associated with early neutering [54,57,58,59,60,61,62].



It is possible that the beneficial impact of OHE on the prevention of the development of MTs is underestimated and is not supported by consistent scientific data [63,64]. Consequently, there has been an increase in the number of studies that have aimed to determine the optimal age for recommending castration. Identifying animals with a higher risk of developing mammary cancer, particularly the more aggressive types, is crucial. For those at risk, early castration may be beneficial, despite possible long-term side effects [5]. Conversely, it is also essential to identify animals for which the adverse effects of this intervention outweigh the protective effects.



The vast majority of cases (265/449; 59%) were diagnosed in small dogs. The breeds most commonly diagnosed with mammary tumors were Poodle, Pinscher, Dachshund, Yorkshire, and Shih Tzu. The highest risk was associated with Yorkshire and Poodle breeds. Studies of mammary tumor incidence differ in high-risk breeds depending on the type of study and geographic location, but Poodles and Yorkshires are often among the highest-risk breeds, as demonstrated in this study [4,33,65,66].



The risk of developing mammary tumors in specific breeds may be influenced by hereditary genetic factors. This is because the genetic diversity within a particular breed is generally lower compared to the overall diversity of the entire dog species. Consequently, certain breeds may accumulate risk alleles over time due to limited gene flow. Germline mutations in the BRCA1/2 gene have been linked to the development of mammary tumors in female dogs [66,67,68,69,70]. However, further investigations are necessary to fully understand the role of hereditary genetic components in the development of mammary tumors in female dogs.



In the current study, large dogs had a higher susceptibility to malignant mammary tumors. This association can be attributed to the fact that larger breeds generally have a shorter life expectancy compared to smaller breeds, resulting in accelerated aging. This accelerated aging process leads to increased rates of cell replication, thereby augmenting the risk of replication-associated abnormalities. Furthermore, larger breeds require a greater number of cells due to their larger body size, further contributing to the replicative risk [71,72]. The correlation between increased body size in dogs and an elevated risk of cancer, including mammary tumors, has been documented across various studies [57,73,74,75,76,77]. Despite most of the cases being small size dogs, the greatest risk was associated with large dogs. This finding may be indicative of the canine population distribution in the studied region, which is likely composed mainly of small and medium-sized dogs, as evidenced by the distribution of the control group in our study.



The mean age of the case group was 10.3 years, consistent with other studies for mammary tumors that demonstrate a higher incidence of mammary tumors in dogs between 9–11 years of age [1,8,9,78]. Age demonstrates a strong association with cancer, a fact that can be explained by the chronic selection of cells that stochastically accumulate mutations during normal cell replication, leading to malignant transformation [79]. In fact, longevity is intrinsically associated with cancer risk, but only when this longevity exceeds the evolutionarily adapted lifespan of that species [77,80].



The present study demonstrated that excess weight is an important risk factor for the development of malignant mammary tumors in female dogs. It is hypothesized that the peripheral aromatization of androgens to estrogens occurs at an increased rate in overweight female dogs and can lead to prolonged exposure of mammary tissue to estrogens, especially during puberty. Furthermore, overweight dogs may experience increased insulin levels and higher concentrations of the insulin-like growth factor-1 (IGF-1) protein. These factors have the potential to influence the process of carcinogenesis [25,30,81,82].



In this case-control study, the relationship between eating habits, living environment, and the risk of malignant mammary tumors in female dogs was investigated. The results showed that while diet type did not appear to be a significant risk factor for the development of these tumors, available data on the quantity and quality of the foods consumed may not have been sufficient to fully capture the complexity of the dietary patterns. Conversely, dogs living outside the home had a higher risk of developing a malignant mammary tumor compared to those living indoors, possibly due to reduced access to preventive care and lower levels of attention to their overall health and well-being. These findings highlight the importance of closely monitoring lifestyle factors that can contribute to the occurrence of canine mammary tumors. They also suggested that taking proactive measures to promote healthy living environments and behaviors could serve as an effective approach to reducing this risk.



MTs have a high risk of developing metastases, which occur in about 50% of cases, with lymph node involvement associated with the development of distant metastases in most cases [6,83]. The search for metastasis in regional lymph nodes is a crucial step in tumor staging [22,48]. Since 2010, a Brazilian consensus has been established on the diagnosis, prognosis, and treatment of canine mammary tumors [32]. One of the key recommendations in this consensus is to take the lymphatic system into account during surgical procedures. However, recent research conducted in Brazil revealed that 56.31% of the veterinarians surveyed did not adhere to these consensus recommendations. Additionally, certain laboratories did not follow the specified criteria in the analysis of the samples [47].



This is one of the main problems faced in Brazil since many patients do not have access to complementary tests and do not even benefit from lymph node removal, facts related to the professional lack of knowledge and financial restrictions of owners [47]. In the same trend, in the present study, only 17.1% of females had information about regional lymph nodes in their medical records. During the assessment of medical records, several factors contributed to inadequate planning. The primary contributors were owners’ refusal to undergo further diagnostic tests, financial constraints, and unsatisfactory conduct by the veterinarian or pathologist. These factors can impede proper disease management and lead to suboptimal patient outcomes. The primary objective of establishing an oncology sector in the hospital of this study is to establish an appropriate protocol for all cases of neoplasia in dogs, with the aim of providing effective treatment.



The clinical stage is an important prognostic factor, and female dogs with tumors in advanced stages (IV and V) have a worse prognosis [6,84]. At the time of the study, most of the dogs were in stage IV, in contrast to what has been reported that stages I to III are the most frequent [84,85].



The increase in the number of animals with advanced stages of the disease can be attributed to the lack of a standardized protocol to manage dogs with suspected neoplastic disease prior to 2018. This is corroborated by the fact that only 78 animals had staging information available. Despite the inauguration of the oncology sector in 2018, the implementation of care protocols demands time and staff training. As such, it is probable that only animals with clinically severe tumors had a stage in their medical records, while those with smaller tumors in early stages may not have undergone proper staging or received treatment in the oncology sector.



The diameter of the tumor is a crucial determinant of the prognosis of canines with mammary tumors [85]. Larger tumor diameters of greater than 3.5 cm have a worse prognosis than smaller tumors. This observation is consistent with the results of the present study, in which the average tumor diameter of dogs in stages IV and V was higher than in the other stages. Thus, tumor size serves as a critical parameter to determine the prognosis of mammary tumors, as more aggressive tumors tend to have faster growth rates and larger diameters [6,85].



The significant prevalence of mammary tumors observed in this study highlights the continued significance of this veterinary health concern. It underscores the need for further research to thoroughly analyze the exposure to risk factors associated with mammary tumors in dogs within the specific region under investigation.



A crucial limitation that commonly affects retrospective studies is selection bias, which was unlikely to occur in this study since all cases of malignant mammary tumors were selected during the specified period. However, the paucity of available data was a notable limitation of the present study, as many patients lacked adequate information to facilitate accurate staging.




5. Conclusions


The present investigation revealed that certain individual risk factors, including the size dog, breed, housing, and body score, were associated with an elevated susceptibility to the development of malignant mammary tumors in dogs. Specifically, large dog breeds demonstrate a higher proclivity for the disease, while Poodles and Yorkshire Terriers exhibit an increased risk of developing malignant mammary tumors. Additionally, overweight dogs or those who live outdoors were also found to have a greater risk of developing this malignancy. These findings may help in informed decision-making and evaluation of each patient, as well as in the implementation of suitable preventive measures and appropriate therapeutic approaches.
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Figure 1. Potential clinical risk factors and their classification. The data was extracted from the medical records of dogs with 861 mammary tumors treated at the HV-UFU between January 2015 and December 2020. 
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Figure 2. Odds ratios (ORs) and 95% confidence intervals for breeds that commonly developed malignant mammary tumors compared with other breeds (OR = 1). 
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Table 1. Frequency of individual subtypes of canine mammary tumors.
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Histological Diagnosis

	
Frequency

	
%






	
Simple benign tumors

	
Adenoma simple

	
36

	
4.18




	
Non-simple benign tumors

	
Benign mixed tumor

	
37

	
4.30




	
Fibroadenoma

	
4

	
0.46




	
Complex adenoma

	
24

	
2.79




	
Ductal-associated benign tumors

	
Ductal adenoma

	
2

	
0.23




	
Intraductal papillary adenoma

	
2

	
0.23




	
Carcinoma in situ

	
Carcinoma in situ

	
27

	
3.14




	
Simple carcinomas

	
Tubular carcinoma (including cribriform carcinoma)

	
104

	
12.1




	
Tubulopapillary carcinoma

	
135

	
15.70




	
Solid carcinoma

	
46

	
5.34




	
Invasive micropapillary carcinoma

	
15

	
1.74




	
Comedocarcinoma

	
5

	
0.58




	
Anaplastic carcinoma

	
9

	
1.05




	
Non-simple carcinomas

	
Mixed carcinoma

	
207

	
24.00




	
Complex carcinoma

	
144

	
16.72




	
Carcinoma-and-malignant myoepithelioma

	
6

	
0.69




	
Ductal-associated carcinomas

	
Intraductal papillary carcinoma (including papillary-cystic carcinoma)

	
5

	
0.58




	
Malignant Tumors–Special Types

	
Squamous cell carcinoma

	
16

	
1.86




	
Adenosquamous carcinoma

	
1

	
0.12




	
Mucinous carcinoma

	
2

	
0.23




	
Lipid-rich carcinoma

	
2

	
0.23




	
Malignant myoepithelioma *

	
1

	
0.12




	
Inflammatory mammary carcinoma histological type not specified

	
4

	
0.46




	
Other Tumors Arising at the Site of the Mammary Gland

	
Osteosarcoma

	
12

	
1.40




	

	
Chondrosarcoma

	
7

	
0.81




	
Carcinosarcoma

	
Carcinosarcoma

	
8

	
0.93




	
Total

	

	
861

	
100








* The diagnosis of malignant myoepithelioma was made without immunohistochemistry.













 





Table 2. The distribution of the 78 carcinoma subtypes according to the degrees of malignancy by the modified TNM classification [6,25].
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	Subtype
	Stage I

(T1 < 3 cm)
	Stage II

(T2: 3–5 cm)
	Stage III

(T3: >5 cm)
	Stage IV

(AnyT N1 M0)
	Stage V

(AnyT AnyN M1)





	Tubular carcinoma
	27% (3/11)
	-
	9% (1/11)
	55% (6/11)
	9% (1/11)



	Tubulopapillary carcinoma
	45% (5/11)
	-
	-
	55% (6/11)
	-



	Solid carcinoma
	25% (2/8)
	-
	-
	75% (6/8)
	-



	Invasive micropapillary carcinoma
	-
	-
	-
	75% (3/4)
	25% (1/4)



	Anaplastic carcinoma
	50% (1/2)
	-
	-
	50% (1/2)
	-



	Osteosarcoma
	
	
	
	
	100% (1/1)



	Chondrosarcoma
	
	
	
	
	100% (1/1)



	Mixed carcinoma
	31% (7/23)
	4% (1/23)
	4% (1/23)
	57% (13/23)
	4% (1/23)



	Complex carcinoma
	10% (1/10)
	10% (1/10)
	-
	80% (8/10)
	-



	Lipid-rich carcinoma
	
	
	
	
	100% (1/1)



	Intraductal papillary carcinoma (including papillary-cystic carcinoma)
	50% (1/2)
	-
	-
	50% (1/2)
	-



	Inflammatory mammary

carcinoma histological

type not specified
	
	
	
	100% (1/1)
	



	Carcinosarcoma
	
	
	
	100% (1/1)
	



	Comedocarcinoma
	
	
	
	100% (1/1)
	



	Carcinoma-and-malignant myoepithelioma
	-
	-
	-
	100% (1/1)
	-



	Total
	20/78
	2/78
	2/78
	48/78
	6/78







Abbreviations: T: primary tumor size; N: regional lymph node status; N1: metastasis; N0: no metastasis. M: distant metastasis; M1: distant metastasis detected; M0: no distant metastasis.













 





Table 3. Descriptive analysis of continuous variables for cases and controls.
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	Factor
	Cases (n = 449)
	Controls (n = 460)
	p-Value *





	Age (years):
	
	
	0.324



	Mean
	10.35
	10.15
	



	Std Dev
	3.03
	2.90
	



	Weight (Kg):
	
	
	0.056



	Mean
	11.74
	10.58
	



	Std Dev
	9.26
	9.06
	







Cases: dogs with malignant mammary tumors; controls: tumor-free dogs. Std Dev: standard deviation; * p-Value calculated with t-test (age and weight).













 





Table 4. Descriptive analysis of categorical variables for cases and controls.
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	Factor
	Cases (n = 449)
	Controls (n = 460)
	p-Value *





	Age groups
	
	
	0.593



	0–4 years
	10
	10
	



	5–8 years
	109
	125
	



	9–12 years
	196
	232
	



	>13 years
	99
	93
	



	Not reported +
	35
	0
	



	Size dog:
	
	
	<0.001



	Small
	265
	330
	



	Medium
	130
	91
	



	Large
	54
	39
	



	Body score
	
	
	<0.001



	Underweight
	19
	39
	



	Ideal weight
	145
	220
	



	Overweight
	127
	109
	



	Obesity
	50
	78
	



	Not reported +
	108
	14
	



	Breed type
	
	
	0.115



	Mixed
	220
	194
	



	Poodle
	60
	69
	



	Pinscher
	32
	37
	



	Dachshund
	26
	18
	



	Shihtzu
	22
	34
	



	Labrador Retriever
	10
	10
	



	Yorkshire terrier
	23
	15
	



	Cocker spaniel
	10
	13
	



	Maltese dog
	10
	11
	



	Other Breeds
	36
	59
	



	Hosing
	
	
	<0.001



	Inside home
	317
	417
	



	Outside home/farm
	89
	43
	



	Not reported +
	43
	0
	



	Type of diet:
	
	
	0.848



	Homemade food
	17
	22
	



	Dry food
	180
	193
	



	Homemade and dry food
	228
	245
	



	Not reported +
	24
	0
	







Cases: dogs with malignant mammary tumors; controls: tumor-free dogs. Std Dev: standard deviation; + Unreported data were not included in the analyses; * p-value calculated with chi-square test.













 





Table 5. Multivariable logistic regression model analysis comparing cases and controls group for malignant mammary tumors.
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	Factor
	Odds Ratio (OR)
	95 % CIs
	p-Value





	Body score
	
	
	



	Ideal weight (Ref)
	
	
	



	Underweight
	0.82
	0.44–1.52
	0.355



	Overweight
	1.71
	1.20–2.43
	0.003



	Obesity
	0.84
	0.53–1.33
	0.465



	Size dog
	
	
	



	Small (Ref)
	
	
	



	Medium
	2.26
	1.48–3.44
	<0.001



	Large
	2.81
	1.46–5.40
	0.002



	Breed type
	
	
	



	Other Breeds (Ref)
	
	
	



	Mixed
	2.55
	1.41–4.61
	0.002



	Poodle
	3.66
	1.79–7.51
	<0.001



	Pinscher
	3.25
	1.45–7.29
	0.004



	Dachshund
	3.62
	1.46–8.94
	0.005



	Shihtzu
	2.62
	1.11–6.15
	0.027



	Labrador Retriever
	1.61
	0.52–4.93
	0.405



	Yorkshire terrier
	7.22
	2.85–18.25
	<0.001



	Cocker spaniel
	1.21
	0.39–3.73
	0.738



	Maltese dog
	3.93
	1.30–11.87
	0.015



	Housing
	
	
	



	Inside home (Ref)
	
	
	



	Outside home/farm
	2.05
	1.30–3.22
	0.002







Ref: reference category.
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