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1. Introduction 

Mammary gland tumor (MGT) is one of the most common neoplasms both in bitches and women 

(Frénel & Nguyen, 2023; Sorenmo et al., 2020). 

Anatomically, physiologically and histologically, mammary tissues in dogs and humans show 

remarkable similarities (Ferreira et al., 2023). Canine mammary neoplasms arise spontaneously and 

resemble those diagnosed in humans in terms of morphology and biological behavior; however, the 

incidence rate in female dogs is estimated to be three times higher than in women (Pastor et al., 2018). 

Given these similarities, dogs serve as valuable models for human breast cancer (HBC) research and 

for comparative studies on prognosis and treatment (Kwon et al., 2023). The challenge in canine 

studies, however, lies in recruiting suitable patient populations. Many dog owners decline treatment 

or participation in clinical trials due to the high cost of therapies, lengthy treatment times or concerns 

about reduced quality of life for their pets (Ferreira et al., 2023; Kwon et al., 2023). Additionally, 

owners’ subjective assessments during follow-up often hinder the collection of consistent and reliable 

data (Abdelmegeed & Mohammed, 2018).  

In human oncology, a multidisciplinary approach—incorporating surgery, chemotherapy, 

radiotherapy, endocrine therapy and targeted therapies—has become standard and contributed to 

improved outcomes. By contrast, while various therapeutic options are available for dogs, 

standardized protocols are lacking due to the limited number of clinical trials and restricted access to 

advanced treatments (Frénel & Nguyen, 2023). Consequently, despite the biological similarities 

between canine and human MGT, the outcomes for dogs with mammary cancer remain poor (Frénel 

& Nguyen, 2023), while outcomes for women with breast cancer (BC) have improved significantly 

over time (Ferreira et al., 2023). This gap underscores an urgent need for enhanced research and 

infrastructure in veterinary oncology.  

There is also a worldwide priority to explore alternative cancer biopathology research methods and 

to develop low-cost, effective therapies.  



Female rats are the most widely used models for mammary cancer research in laboratories (Ferreira 

et al., 2023); however, they require chemical induction or genetic modification to develop tumors 

(Frénel & Nguyen, 2023; Kwon et al., 2023). Promising alternatives to animal testing include 2D and 

3D in vitro tumor models derived from canine tumor samples (Ferreira et al., 2023), which allow for 

an in-depth study of the tumor microenvironment (TME). Since the TME is known to contribute to 

therapy resistance (Guo et al., 2023), developing therapies that target the TME is of critical interest 

and could be crucial for the long-term management of HBC. Additionally, interest is growing in using 

bacteria to control cancer progression, with numerous studies highlighting the therapeutic potential 

of Salmonella enterica serovar Typhimurium in cancer treatment (Broadway & Scharf, 2019; 

Chirullo et al., 2015; Chirullo et al., 2024; Hoffman, 2012; Razzuoli et al., 2022).  

This study has two main objectives. First, it aims to review current best practices in the management, 

diagnosis and treatment of canine mammary tumors, emphasizing common and accessible methods 

available to most veterinary facilities. Critical points within the diagnostic and therapeutic process 

will be analyzed, focusing on areas that can be improved with current knowledge and skills. The 

second objective is to examine methodologies that could represent breakthroughs for the future, 

particularly in developing new treatments aimed at improving survival times for both dogs and 

humans affected by mammary tumors. 

 

 

 

 

 

 

 

 

 



2.  Managing Canine Mammary Tumors: A Practical Guide to Assist Veterinarians 

Abstract 

Mammary tumor is the most frequently diagnosed neoplasia in non-spayed female dogs. Despite 

the high incidence, the outcomes for mammary cancer-bearing bitches remain poor. Currently, 

standardized guidelines for managing canine mammary cancer are lacking, and there is no widely 

accepted, multidisciplinary therapeutic approach tailored to cancer stage and subtype.  

This review aims to equip clinical veterinarians with essential information about canine mammary 

tumors, to improve disease management. Although significant advancements have been made in 

our understanding of canine mammary cancer, there is an urgent need for standardized protocols 

to assist veterinarians in clinical practice. In the absence of such guidelines, effective decision-

making relies on clinical judgment and evidence-based knowledge. 

2.1 Introduction 

Mammary cancer is one of the most prevalent neoplasia affecting both humans and dogs; however, 

the clinical outcomes between these species differ significantly (Frénel & Nguyen, 2023). In dogs, 

the prognosis remains poor, characterized by high rates of locoregional recurrence and distant 

metastasis, along with survival rates of less than 2 years for most bitches following the excision of 

malignant mammary tumors (Szczubial et al., 2011). 

 In contrast, advances in breast cancer treatment in humans have led to notable improvements in 

survival, despite a still considerable mortality rate (Ferreira et al., 2023).  

Several key factors contribute to the advancements in human oncology. In the treatment of human 

breast cancer (HBC), a multidisciplinary, well-established approach is employed, including surgery, 

chemotherapy, radiation therapy, endocrine therapy for hormone receptor (HR)-positive cancers, as 

well as targeted and immuno-therapy. This approach is based on a deep understanding of tumor 

biology, which has enabled the development of standardized guidelines for HBC treatment according 

to cancer stage and subtype (Frénel & Nguyen, 2023). In dogs, several adjuvant therapeutic options 

exist although there are no standard procedures for mammary gland tumor (MGT)-bearing dogs. One 



reason is the limited number of minimally powered clinical trials conducted in dogs, resulting in a 

lack of reliable data on the efficacy and safety of treatments (Kwon et al., 2023).  Additionally, cancer 

biology is often not thoroughly investigated in canine treatment plans, leaving many therapies 

insufficiently assessed (Frénel & Nguyen, 2023). For other treatments, such as radiation therapy, there 

are limits related to cost and the limited availability of these services in veterinary practices (Larue 

& Gordon, 2020).  

Furthermore, HBC routine screening programs, such as mammograms, enable earlier detection and 

more effective interventions, with improved prognosis (Coleman, 2017). In dogs, the absence of 

standardized screening programs often results in delayed diagnosis, limiting treatment efficacy 

(Frénel & Nguyen, 2023). 

It is essential to recognize that the role of companion animals has evolved significantly over time. 

Today, they are often regarded as true family members, providing companionship, emotional support 

and enhancing overall well-being (Overgaauw et al., 2020). As pets are increasingly seen as family, 

owners expect the highest quality medical care for them. This is especially relevant in veterinary 

oncology, where a cancer diagnosis can heavily strain the human-animal bond. The psychological 

toll of an animal's illness on the owner must also be considered, as it falls within the broader 

framework of the One Health concept (Shawn, 2020). 

This review aims to assess current practices in the management, diagnosis and treatment of canine 

mammary tumors, identifying key steps where improvements can be made to enhance both clinical 

outcomes and the quality of care provided in veterinary oncology. 

2.2 Epidemiology, etiology and risk factors  

MGT is the most common neoplasm in female dogs, with an estimated annual incidence ranging from 

205 to 418 cases per 100,000 bitches (Baioni et al., 2017; Dobson et al., 2002; Sorenmo et al., 2020). 

However, the incidence of canine mammary tumors (CMT) varies depending on the characteristics 

of the studied population, as well as the geographical location, since it is influenced by a series of 

factors including the age of the dogs, breed and spaying habits in the country where the study is 



conducted. In fact, in European countries, especially those in the south, there is a higher incidence of 

cases compared to the United States or Western Europe, where the neutering procedure is usually 

performed at an early age in dogs (Sleeckx et al., 2011; Vazquez et al., 2023). Spaying performed at 

an early age is considered to have a protective effect against the development of MT in bitches 

because ovarian estrogen and progesterone stimulate the proliferation and growth of mammary 

epithelium (Santos et al. 2010). 

In intact females, mammary tumors (MTs) account for an overwhelming 50-70% of all diagnosed 

tumors (Brønden et al., 2010; Merlo et al., 2008; Salas et al., 2015; Vascellari et al., 2016), while they 

are extremely rare in male dogs (Saba et al., 2007; Zheng et al., 2022), where most cases are benign 

and have a good prognosis (Saba et al., 2007). Intact female dogs are 62 times more likely to develop 

MGTs than males due to their hormonal environment (Salas et al., 2015). Beyond hormonal exposure, 

several factors such as age, breed, diet and obesity have been associated with an increased risk of 

developing MTs (Sorenmo et al., 2011).  

2.2.1 Hormonal exposure: does spaying prevent mammary tumors? 

Spaying has long been recognized as an effective measure to reduce the incidence of MTs in both 

dogs and cats (Romagnoli et al., 2024). The influential 1969 study conducted by Schneider and 

colleagues highlighted that a dog's susceptibility to developing MT rises significantly during the 

initial estrus cycles. This is exemplified by the observation that a dog undergoing ovariohysterectomy 

before the first estrus cycle has a mere 0.5% likelihood of MT development, contrasting with rates of 

8% and 26% in dogs undergoing the procedure between the first and second estrus cycles or after the 

second estrus cycle, respectively (Schneider et al., 1969). However, after conducting a comprehensive 

review of the literature, it was concluded that the evidence supporting the role of OHE in reducing 

the risk of tumor development was limited (Beauvais et al., 2012), making the issue controversial.  

Ovarian hormones, primarily estrogen and progesterone, are essential for the growth and development 

of normal mammary tissue. At the same time, their proliferative effect makes them some of the main 

actors in carcinogenesis (Vazquez et al., 2023). 



However, several studies showed that HRs expression is lower in mammary carcinomas compared to 

benign epithelial tumors, which respond well to spaying and are usually associated with a good 

prognosis (Mainenti et al., 2014; Millanta et al., 2005; Nieto et al., 2000). The expression of HRs 

further decreases with higher degrees of malignancy (Mainenti et al., 2014), which are also associated 

with a higher risk of metastasis (Nieto et al., 2000).  

In the recent study of Gedon and colleagues (2022), authors estimated a 6.5 times greater risk for 

MGT development for intact female dogs compared to spayed ones but they noted that hormonal 

ablation at any point in life appears to lead to a higher frequency of more aggressive malignant tumor 

subtypes and may therefore contribute to a worse prognosis for spayed female dogs with MTs (Gedon 

et al., 2022). 

Analyzing both past and recent studies on CMT, a consistent reduction in the incidence of MTs has 

been observed over time, likely due to an increased practice of neutering (Gedon et al., 2022; Merlo 

et al., 2008; Rodriguez et al., 2022). However, the proportion of malignant tumors has remained 

relatively unchanged, suggesting a higher likelihood of malignancy in the tumors that do develop in 

neutered dogs (Rodriguez et al., 2022). Some studies suggest that tumors developing in spayed bitches 

are more frequently of a malignant nature (Gedon et al., 2022) and that spayed females with MGTs 

have a 4.5 times higher risk of recurrence or metastasis and a shorter overall survival time (OST) 

compared to intact females (Peña et al., 2013).  

A recent study by Hart and colleagues (2020) revealed that, in certain breeds, the incidence of MTs 

in female dogs spayed after 6 months of age is significantly higher compared to intact females of the 

same group. These breeds include Golden Retrievers, Australian Shepherds, Border Collies, Boxers, 

Chihuahuas, Cocker Spaniels, Collies, English Springer Spaniels and Shih Tzus. However, none of 

the females spayed before 6 months of age developed MT (Hart et al., 2020).  

Furthermore, spaying before 12 or 24 months has been associated with an increased risk of other 

cancers (including lymphoma, mast cell tumors, hemangiosarcoma, and osteosarcoma) as well as 

debilitating joint disorders (Hart et al., 2020). These findings suggest that it may be advisable to either 



leave female dogs intact throughout their lifespan or delay spaying until after 12 or 24 months of age, 

depending on the breed (Hart et al., 2020).  

For mixed-breed dogs, another study by the previously mentioned group found no association 

between weight categories and cancer development. However, they identified an increased risk of 

joint disorders in dogs over 20 kg that were spayed at an early age, suggesting that, for dogs of this 

size, neutering be delayed until 12 months of age or later (Hart et al., 2020). 

Although spaying before puberty does appear to be associated with a reduced risk of developing 

mammary tumors, current guidelines suggest that the decision to spay a female dog—and the optimal 

timing for this procedure—should not be based solely on the goal of preventing mammary tumours 

(Romagnol et al., 2024). Instead, a broader range of factors should be considered, as mentioned 

before. 

Therefore, scheduling regular check-ups to monitor for the development of MGTs may be a prudent 

course of action. Nevertheless, gonadectomy at the time of MT surgical excision, should always be 

considered (Banchi et al., 2022). Concurrent neutering with mastectomy is likely to significantly 

reduce the incidence of new MTs in dogs with hyperplastic or benign lesions by almost 50% 

(Kristiansen et al., 2013). Its beneficial effect doesn't seem to be the same for dogs with malignant 

lesions; however, it has been observed that some of them could benefit from concurrent spaying, 

especially subjects with estrogen receptors (ER)-positive grade II tumors or with increased peri-

surgical serum estradiol concentration (Kristiansen et al., 2016).  

Dogs that develop mammary tumors within 2.5 years of being spayed do not seem to benefit from 

hormonal ablation; on the contrary, the decrease in hormones following spaying creates a hormone-

poor environment, which could favor HR-negative subclones (Sorenmo et al., 2000) which have a 

worst prognosis if compared to HR-positive tumors (Kim et al., 2014). 

Exposure to exogenous or pharmacologic doses of hormones—including progestins and estrogens—

raises the risk of MGT development in dogs. Most studies agree that low-dose progestins primarily 

increase the likelihood of benign tumors, while a combination of estrogens and progestins tends to 



promote the formation of malignant tumors (Concannon et al., 1981; Geil & Lamar, 1977; Giles et 

al., 1978; Kwapien et al., 1980; Misdorp, 1991; Selman et al., 1995). Additionally, dogs treated with 

progestins not only face a higher tumor risk but also tend to develop these tumors at a younger age 

(Misdorp, 1988). Repeated episodes of pseudocyesis have been reported as predisposing factors 

(Romagnoli et al., 2024). 

Other factors, such as pregnancy or parity, do not significantly influence the risk of developing MGTs 

(Brodey et al., 1966; Schneider et al., 1969; Sonnenschein et al., 1991). 

2.2.2 Age 

CMT primarily affects older or middle-aged dogs (Sorenmo et al., 2011). It is rare in individuals 

under 6 years old, but beyond that age, it becomes the most common tumor in intact females (Gamlem 

et al., 2008) with an approximate 60% risk of development between 8 and 13 years old (Vascellari et 

al., 2016). Additionally, the peak incidence age varies depending on the lifespan of different breeds. 

Generally, larger breeds have shorter lifespans and thus tend to be younger when diagnosed compared 

to smaller breeds. These variations are particularly pronounced in high-risk breeds like English 

Springer Spaniels (median age of onset at 6.9 years) (Egenvall et al., 2005). 

Increasing age is also associated with a greater risk of developing malignant forms (Rodriguez et al., 

2022; Vascellari et al., 2016). The chance of having a malignant tumor it is likely to increase by 1.19 

times with every year of age (Gedon et al., 2021); indeed, dogs with malignant tumors are 

significantly older compared to dogs with benign tumors (with age ranges typically between 9 to 11 

years versus 7 to 9 years, respectively) (Goldschmidt et al., 2001; Sorenmo et al., 2009). 

In spayed bitches, the average age of onset for a mammary tumor appears to be higher (Rafalko et 

al., 2023), along with a greater tendency towards malignancy (Vascellari et al., 2016). 

According to Rafalko and colleagues (2023), there in an inverse correlation between weight and age 

at cancer diagnosis, with purebred dogs being diagnosed at significantly younger ages than mixed-

breed dogs. 



To enhance the chances of early detection and treatment, it could be reasonable to contemplate annual 

cancer screening starting at the age of 7 for all dogs, and as early as age 4 for breeds with a lower 

median age at cancer diagnosis (Rafalko et al., 2023).  

2.2.3 Breed 

Smaller breeds seem to be more frequently affected by MGTs (Sorenmo et al. 2019); however, CMT 

can be observed in dogs of any breed, nevertheless several studies have shown a higher MT incidence 

in purebred than in mixed-breed dogs (Merlo et al., 2008; Sleeckx et al., 2011; Vascellari et al., 2016). 

In the 2016 research conducted by Vascellari and colleagues, purebred dogs under 7 years of age 

were approximately twice as likely as mixed-breed dogs to have a malignant neoplasm, whereas for 

dogs over 7 years of age, no disparities between the two groups were observed.  

Among small breed dogs, Poodles, Chihuahuas, Dachshunds, Yorkshire Terriers, Maltese and Cocker 

Spaniels are considered those at high-risk, whereas English Springer Spaniel, English Setters, 

Brittany Spaniels, German Shepherds, Pointers, Doberman Pinschers and Boxers are regarded as 

large high-risk breeds (Burrai et al., 2020). However, there is no consensus on which breeds are at 

the highest risk of developing MT because incidence can vary depending on study characteristics and 

geographic location. Providing some examples, in Italy, according to the study of Vascellari and 

colleagues of 2016, the Samoyed dogs were approximately twice as likely to develop malignant MT 

than the overall population, followed by Doberman, Schnauzer and Yorkshire Terrier, whereas 

English Setters, Golden Retrievers and Labrador Retrievers are considered low-risk dogs. In Spain, 

Retrievers, flushing dogs and water dogs seem to have the higher incidence of MT (Pastor et al., 

2018). In Sweden, English Springer Spaniel (ESS), Doberman and Boxer are among the breeds with 

the highest risk of developing MTs (Egenvall et al., 2005). 

The English Springer Spaniel (ESS) is recognized as one of the breeds at the risk for developing 

CMT. In a study by Rivera and colleagues in 2009, a significant correlation between CMT and breast 

cancer genes 1 and 2 (BRCA1, BRCA 2) was identified in ESS dogs, with BRCA1 showing a stronger 

association with malignant cases. Women with inherited mutations in the BRCA1 or BRCA2 genes 



have heightened susceptibility to breast cancer (Antoniou et al., 2006; Ford et al., 1998; King et al., 

2003); therefore, it is likely that the mutation of the BRCA1 and BRCA2 genes in ESSs contributes 

to the increased predisposition to MT development in this breed (Rivera et al., 2009). 

2.2.4 Obesity and diet 

It is now well-established that factors such as diet and obesity are risk factors for cancer incidence in 

both humans and dogs (Vazquez et al., 2023). Obesity might influence CMTs through inflammation 

in adipose tissue, leading to cell proliferation and angiogenesis (Lim et al., 2015). A 2020 study found 

that 49% of these tumors expressed adiponectin (Tesi et al., 2020), which has apoptotic and 

antiproliferative effects (Laflamme et al., 2006; Lee et al., 2019), but no association with tumor 

aggressiveness was observed (Tesi et al., 2020). Furthermore, adipose tissue and high levels of 

cholesterol serve as sources of steroid hormones, including estrogens, progesterone and androgens; 

the conversion of androgens into estrogens by aromatase seems to be more pronounced in overweight 

dogs likely due to an increased expression of these enzymes (Lim et al., 2015). 

Overweight female dogs have shown to exhibit elevated aromatase expression, earlier onset of CMT 

and a higher histologic grade (Lim et al., 2015). 

The effect of obesity on cancer development appears to be most pronounced when obesity occurs at 

around 1 year of age, during the period when hormonal impacts on mammary tissue are most 

detrimental (Romagnoli et al., 2024). Furthermore, high consumption of red meat in young 

overweight dogs has been shown to increase the risk of MT and dysplasia development (Alenza et 

al., 1998). From another study, it was found that there is no significant correlation between homemade 

food and the development of mammary tumors in dogs. However, dogs on a homemade diet tend to 

have a higher body condition score (BCS) compared to those fed a commercial diet, and weight gain 

could potentially impact cancer incidence (Tesi et al., 2020). 

 

 



2.3 Clinical examination  

Detection of MGTs is generally straightforward during routine physical exams, wherein both 

mammary chains and the regional lymph nodes (LNs) should be thoroughly assessed. 

In female dogs, the mammary glands (MGs) are anatomically divided into five pairs: cranial thoracic 

(M1), caudal thoracic (M2), cranial abdominal (M3), caudal abdominal (M4) and inguinal (M5). 

Variations in anatomy are common, without any association with the breed, with some individuals 

having more or fewer glands than usual (Ferreira et al., 2023). The axillary and superficial inguinal 

LNs are recognized as the regional nodes of the cranial and caudal MGs (Pimentel et al., 2023). 

MGTs typically present as well-defined nodules with varying sizes, consistency and degrees of 

mobility relative to the skin and muscles (Vazquez et al., 2023). Ulceration can be caused by invasive 

tumor growth or large masses trauma (Soares et al. 2023) (Figure 1).  

Tumor size, fixation to underlying structures and ulceration are strong predictors of negative 

prognosis (Hörnfeldt & Mortensen, 2023; Soares et al., 2023). Dogs with tumors ³ 5 cm in diameter 

and/or present for more than six months may have already metastasized to LNs (Chang et al., 2005). 

M4 and M5 are more frequently affected than the thoracic glands. Due to the larger size of these 

glands and surrounding tissues, meticulous palpation may be required to detect small tumors 

(Sorenmo et al., 2020). MTs can present as single or multiple nodules; multiple tumors can occur in 

more than one gland at the same time or coexist in the same unit, as they can be of different 

histological types and grades simultaneously (Vazquez et al., 2023). Multiple mammary nodules are 

Figure 1. A large, ulcerated mammary tumor localized between M3 and M5 in the right mammary chain. 



significantly more common in intact bitches than in spayed females (Gedon et al., 2022), suggesting 

that sexual hormones may influence tumor multiplicity (Chai and Brown, 2009).  

Examination of the regional LNs should be incorporated into the standard clinical assessment of dogs 

with mammary tumors, as the presence of metastasis affects the cancer's clinical staging, thereby 

influencing prognosis and treatment strategies. Clinically normal nodes can be challenging to detect, 

as the axillary LNs are often not palpable and the superficial inguinal LNs are located deep within 

the inguinal fat pad beneath the fifth MG (Sorenmo et al., 2020). However, the regional anatomical 

LNs may not always be the first to receive drainage because of the potential for aberrant lymphatic 

pathways originating from the tumor (Liptak & Boston, 2019). 

Determining the ratio of benign to malignant mammary neoplasms in dogs is challenging due to 

various influencing factors, but it is estimated that approximately 50% of these tumors are malignant 

(Sorenmo et al., 2003; Thomson & Britt, 2022). 

Benign tumors are associated with significantly smaller mean sizes compared to their malignant 

counterparts (Burrai et al., 2020; Gedon et al., 2021; Sorenmo et al., 2009). Small neoplasms (<1 cm 

in diameter) are more likely to be benign whereas larger ones (>3–5 cm in diameter) are more 

frequently malignant (Goldschmidt et al., 2001) (Figure 1). 

Nonetheless, it is not uncommon for malignant tumors to present at sizes smaller than 1 cm (Burrai 

et al., 2020; Gedon et al., 2021); therefore, performing post-excisional histological examination is 

mandatory for all nodules, even the smallest ones. In any case, it is currently believed that there is a 

progression of lesions from benign to malignant as their size increases, according to the “histological 

continuum” theory suggested by Sorenmo and colleagues in 2009 for CMT (Gedon et al. 2021). In 

spayed female dogs, this progression is likely to occur even at smaller tumor sizes, suggesting the 

protective role of sexual hormones against malignant progression in the histological continuum via 

non-receptor or immunoregulatory mechanisms (Gedon et al., 2022). Although not all benign tumors 

acquire malignant characteristics, benign lesions should therefore be considered as precursors and 

predictors of malignant lesions (Sorenmo et al., 2009). 



At the time of diagnosis, most dogs are clinically healthy, and tumors are confined to the MGs 

(Sorenmo et al., 2020). However, the patient's clinical status primarily depends on the presence of 

comorbidities or distant metastases. Approximately 8% to 32% of mammary carcinomas spread to 

LNs (Pimentel et al., 2023). The extent of LN involvement varies and can facilitate distant metastasis, 

predominantly to the lungs (Vazquez et al., 2023), with liver and bone metastatic lesions possible 

(Agnoli et al., 2023; Sorenmo et al., 2020). Generally, the most common symptoms associated with 

metastases include fatigue, lethargy, weight loss, dyspnea, cough, edema or lameness; their 

presentation and intensity depend on the localization and size of the metastases (Vazquez et al., 2023).  

Table 1 lists all the clinical factors with negative prognostic value that should be considered during 

the examination. 

In addition to the physical examination, collecting the dog’s complete medical history is essential. 

This should include a detailed reproductive history of the bitch (covering the regularity of heat cycles, 

number of litters, spaying status, use of hormonal therapies, abortions and history of pseudocyesis), 

the approximate time when the lesions were first noticed by the owner and any previous occurrences 

of mammary or other tumors (Cassali et al., 2014).  

Table 1. Clinical features which are recognized to influence outcome in canine mammary tumors. 

NEGATIVE PROGNOSTIC CLINICAL FACTORS 
Tumor size (T>5cm) 

Fixation to underlying structures 
Ulceration 

Tumor present for > 6 months 
Lymph node metastasis 

Distant metastasis 
 

2.4 Diagnostic work-up and staging  

When assessing CMTs, staging prior to the initiation of therapy is mandatory, due to the risk of 

metastasis. In the presence of a mammary nodule, the minimal preoperative diagnostic work-up and 

staging should include a complete blood count (CBC), serum biochemistry, fine-needle aspiration 

cytology (FNAC) of the mammary nodules and regional LNs, three-view thoracic radiographs and 



abdominal ultrasound. To accurately characterize LN status, it is highly recommended to perform 

lymphatic drainage mapping in addition to cytology of the regional LNs (Pimentel et al., 2023). 

Biopsy of canine mammary nodules prior to surgery is rarely performed, because the extent of surgery 

is often determined by the size and number of the lesions (Thomson & Britt, 2022), regardless of the 

biological features, but FNAC can be helpful in differentiating benign vs malignant tumors (Cassali 

et al., 2007; Simon et al., 2009) and in excluding alternative diagnoses such as mastitis or non-

mammary dermal and subcutaneous tumors (e.g. lipomas or mast cell tumors and various others) 

(Sorenmo et al. 2019).  

Abdominal ultrasound can be instrumental in detecting abdominal metastases (Sorenmo, 2003) and 

is recommended for dogs with suspected regional LN involvement or alterations in preoperative blood 

work indicating tumor-related or non-tumor-related serum biochemistry changes (Sorenmo et al., 

2020), while the ultrasonographic evaluation of MGTs using traditional B-mode and doppler methods 

is not reliable in identifying features indicative of tumor malignancy. On the other hand, according to 

Feliciano and colleagues (2017) acoustic radiation force impulse elastography has proven to be a 

great accurate predictor of malignancy. 

Computed tomography (CT) scans offer greater sensitivity in identifying metastases compared to 

thoracic radiography. In fact, CT can detect lesions as small as 1 mm, making it more sensitive than 

radiography. However, the practicality of CT for every patient may be limited due to higher costs and 

restricted accessibility (Barbagianni & Gouletsou, 2023). 

CMT is staged through the TNM system, established by the World Health Organization (WHO) 

(Owen et al., 1980). Based on this system, the patient is categorized into one of five clinical stages 

according to the size of the primary lesion (T), the spread to LNs (N) and the presence or absence of 

distant metastases (M), as shown in Table 2.  

 

 

 



Table 2. World Health Organization - TNM system staging for Canine Mammary Tumor 

 

 

 

 

 

This staging system should be utilized for determining prognosis and guiding case management in 

dogs with non-inflammatory epithelial tumors, but not for sarcomas (Sorenmo et al., 2020), as it can 

serve as a predictor of survival times (Pimentel et al., 2023). 

Tumor diameter is recognized as an independent prognostic factor (Rasotto et al., 2017) and a 

valuable tool for assessing the biological behavior of CMTs (Ferreira et al., 2009).  

Masses greater than 5 cm are mostly malignant and related to worse prognosis (Ferreira et al., 2009). 

Nevertheless, the incidence of highly malignant tumors measuring < 1 cm provides compelling 

evidence for the re-evaluation of tumor size in the assessment of TNM-WHO clinical staging (Burrai 

et al., 2020). Recently, paralleling developments in human oncology, a new histological staging model 

with prognostic relevance has been put forth (Table 3) (Chocteau et al., 2019).  

LN positive disease and distant metastasis are associated with a poor prognosis (Sorenmo et al., 

2020). A 2011 study by Szczubial and Lopuszynski found that dogs with LNs involvement (stage IV) 

had an average survival time of 6-8 months, compared to over 18 months for those with unaffected 

LNs.  

The TNM staging system does not consider the number of metastatic LNs. However, the presence of 

two or more involved LNs appears to be associated with a worse prognosis compared to having only 

one metastatic LN (de Araújo et al., 2015). 

 

 

 

STAGING OF CANINE MAMMARY TUMORS 
 
Stage Tumor Size Lymph Node Status Metastasis 
Stage I T1 <3 cm N0 M0 
Stage II T2 3-5cm N0 M0 
Stage III T3 >5cm N0 M0 
Stage IV Any N1 (positive) M0 
Stage V Any Any M1 (metastasis) 



Table 3. Histological staging system proposed by Chocteau and colleagues (2019) 

2.4.1 Nodule fine-needle aspiration cytology 

While the definitive diagnosis of MGTs must be confirmed by histopathology, FNAC can be 

considered a valid non-invasive and cost-effective preliminary exam through which valuable 

information about the mammary nodule can be obtained. Cytology does not provide a complete 

picture of tissue architecture and may not allow for the distinction between a reactive or neoplastic 

process, or even between benign and malignant lesions, especially in cases of inflammation, necrosis 

or hemorrhage. The dog's owner must be informed that FNAC provides limited information and may 

yield non-diagnostic or inconclusive results. However, Simon and colleagues (2009) demonstrated 

that cytological examination has a sensitivity of 88% and a specificity of 96% for diagnosing 

malignant MGTs, with histopathology serving as the gold standard. Other reports further substantiate 

the efficacy of cytologic examination as a valuable tool in supporting the diagnosis of MGTs (Cassali 

et al., 2007; Ghisleni et al., 2006; Pierini et al., 2017; Simeonov & Simenova, 2006; Simeonov & 

Simenova, 2006; Simeonov & Simenova, 2007). The heterogeneity of CMT, along with the 

variability of cellular morphology in different tumor areas, suggests the necessity of sampling 

multiple portions of the nodule to increase the likelihood of recognizing the true characteristics of the 

lesion. Additionally, it is advisable for the slides to be examined by multiple observers to mitigate the 

error associated with examination subjectivity.  

Stage Invasiveness Pathologic tumor size Lymph vascular invasion Pathological nodal state 

Stage 0 In situ Any pT LVI- pN0 or pNX 

Stage I Invasive pT1 £ 20 mm LVI- pN0 or pNX 

Stage II  pT2 > 20 mm   

Stage IIIA  pT1 £ 20 mm LVI+ and/or pN+  

Stage IIIB  pT2 > 20 mm   

LVI-, absence of lymph vascular invasion. 

LVI+, presence of lymph vascular invasion. 

pN0, absence of nodal metastasis. 

pN+, presence of nodal metastasis. 

pNX, nodal stage unknow. 

 



Small-gauge needles (22–25g) are suitable for smaller lesions, reducing hemorrhage. Medium-sized 

syringes (12–15 cc) provide more suction than smaller ones (3–6 cc). The objective is to draw cells 

into the needle shaft, not to fill the syringe. After the needle is inserted into the lesion, vacuum is 

maintained in the syringe while the needle is redirected into the tissue multiple times to collect a 

broad representation of cells (this is particularly crucial when aspirating LNs for metastasis 

evaluation). Subsequently, the vacuum is released, the needle is removed from the tissue and syringe, 

the syringe is filled with air, reattached to the needle and cells are expelled onto a glass slide. An 

alternative method, known as “fenestration”, involves the rapid insertion of the needle into the lesion 

without aspiration. This method often yields as much cellular material as the aspiration technique and 

produces less hemorrhage and patient discomfort. Similarly, a syringe is employed to expel material 

onto a slide, after which a clean slide is placed on top and gently separated to achieve a monolayer of 

intact cells. Immediate spreading prevents samples from becoming too thick, while applying 

excessive pressure may rupture cells, resulting in a non-diagnostic specimen (Friedrichs & Young, 

2020). Cell smears collected via puncture should be air-dried or promptly fixed in a 70% ethanol 

solution. It’s important to minimize contamination from blood, hair and liquefied material, as this 

may compromise sample quality (Cassali et al., 2007). 

2.4.2 Sentinel lymph node mapping and assessment 

The lymphatic system serves as the primary route of metastasis of CMT (Patsikas et al., 2006) and 

LN staging is essential for both the diagnosis and treatment of CMT, as it significantly influences the 

prognosis (Pimentel et al., 2023). 

FNAC is a safe method for examining LNs and is recommended for peripheral LNs that exhibit 

changes in size, shape and texture during clinical assessment. However, the size of a LN as 

determined by palpation does not necessarily indicate the presence of metastasis (Williams & Packer, 

2003). Despite reports indicating high sensitivity and specificity of the technique in detecting 

metastasis (Lagenbach et al., 2001; Ku et al., 2017; Yu et al., 2016), particularly for carcinomas 



(Fournier et al., 2018), metastatic disease may still be present even if tumor cells are not identified in 

a sample collected from a LN. 

The lymphatic drainage of the mammary chains in bitches is complex, and cancer-induced lymph 

angiogenesis further alters the existing lymphatic connections during tumor development (Patsikas et 

al., 1996; Patsikas et al., 1996; Patsikas et al., 2006; Pereira et al., 2003). 

The sentinel LN (SLN) is defined as the first LN in the regional lymphatic system that receives 

lymphatic drainage from the primary tumor and is frequently different to the regional anatomic LN 

(Annoni et al., 2023). Conceptually, metastatic progression occurs in an orderly manner: if the SLN 

is analyzed and found negative for metastasis, the subsequent LNs in the drainage pattern will also 

be negative, making the hypothesis of distant metastasis almost impossible (Ehrhart, 2020).  

In healthy dogs, the lymphatic vessels in the mammary chains are divided into cranial (M1 and M2) 

and caudal (M4 and M5) groups. The cranial group usually drains into the ipsilateral axillary LNs, 

while the caudal group primarily drains into the ipsilateral superficial inguinal LNs. The M3 gland 

has a unique drainage pattern, connecting to both the ipsilateral axillary and superficial inguinal LNs, 

with a preference for the axillary pathway (Patsikas et al., 1996; Patsikas et al., 1996; Patsikas et al., 

2006; Pereira et al., 2003). Furthermore, in healthy mammary glands, ipsilateral lymphatic 

communications typically occur among M1, M2 and M3, as well as between M4 and M5. In contrast, 

contralateral anastomoses appear to be present only between contralateral M2 and M5 (Pereira et al., 

2003). Conversely, Pereira and colleagues demonstrated in 2003 that neoplastic mammary glands 

exhibit a higher prevalence of various types of lymphatic anastomoses (40.9%) compared to healthy 

glands (33.33%). Additionally, an increase in contralateral anastomoses (50%) was observed in 

neoplastic mammary glands compared to healthy ones (Pereira et al., 2003). 

Figure 2 illustrates the common lymphatic drainage under physiological conditions and the potential 

pathways of communication between neoplastic MGs in dogs and various lymphatic centers. It is 

important to note that each lymph center is composed of multiple LNs. 



Analyzing the relevant literature, neoplastic M1 and M2 usually drain into the ipsilateral axillary 

(100%) and sternal (M1:12,5-16,6%, M2:12,5%) lymph centers (Patsikas et al., 2006; Pereira et al., 

2003). Pereira and colleagues (2003) reported the involvement of the ipsilateral superficial cervical 

lymph center in 12.5% of cases of tumoral M1 drainage. Neoplastic M3 may be often drained by the 

axillary (80-100%) and the inguinal (0-66.7%) lymph centers (Collivignarelli et al., 2021; Martonos 

et al., 2019; Patsikas et al., 2006; Pereira et al., 2003). Regarding the axillary lymph center, some 

authors specified that the accessory axillary LN was involved in the drainage in 20-57.1% of cases 

Figure 2. Common lymphatic drainage under physiological conditions (A) and potential pathways of communication between 
neoplastic M1 (B), M2 (C), M3 (D), M4 (E), M5 (F) and various lymphatic centers in dogs. AX: axillary lymph center; SC: superficial 
cervical lymph center; ST: sternal lymph center; IN: superficial inguinal lymph center; MIL: medial iliac lymph center; PO: popliteal 
lymph center. 



(Collivignarelli et al., 2021; Martonos et al., 2019). Interestingly, in rare cases, neoplastic M3 have 

demonstrated drainage into the contralateral axillary (12.5-20%) (Collivignarelli et al., 2021; Pereira 

et al., 2003), ipsilateral medial iliac (11.1%) (Patsikas et al., 2006) and sternal lymph centers (14,2%) 

(Martonos et al., 2019). 

Neoplastic M4 may have its drainage directed to the ipsilateral inguinal (100%) and axillary (0-

22,2%) lymph centers (Collivignarelli et al., 2021; Patsikas et al., 2006; Pereira et al., 2003), but also 

ipsilateral medial iliac lymph center may be involved (0-14.3%) (Collivignarelli et al., 2021). Tumoral 

M5 may often drain through the inguinal lymph center (100%), but both ipsilateral popliteal (0-

11.1%) and medial iliac (0-25%) lymph centers may be involved (Collivignarelli et al., 2021; Patsikas 

et al., 2006; Pereira et al., 2003). Different lymph centers may be concurrently involved 

(Collivignarelli et al., 2021; Patsikas et al., 2006; Pereira et al., 2003).  

Given the variability and unpredictability of lymphatic drainage, SLN mapping enables the  

identification of LNs that are the first to receive draining tumor lymph, thereby highlighting those 

most at risk for metastasis. It is important to emphasize that a positive result for a lymph node on 

mapping does not necessarily indicate the presence of metastasis. Consequently, surgical excision of 

the SLN and subsequent histopathological analysis is strongly recommended to establish prognosis 

and guide therapeutic options (Sorenmo et al., 2003).  

Furthermore, the extent of the LN area affected by cancer, as well as the number of involved nodes, 

are critical factors (de Araújo et al., 2015). Some authors reported that LN macro metastasis (foci of 

neoplastic cells >2 mm in diameter) were significantly associated with shorter overall survival and 

disease-free intervals (de Araújo et al., 2015; Szczubial & Lopuszynski, 2011). In contrast, micro 

metastases (foci ranging from 0.2 to 2 mm) did not significantly impact outcomes compared to cases 

without LN metastasis (Szczubial & Lopuszynski, 2011). This suggests that in cases of micro 

metastasis, lymphadenectomy could have therapeutic value, as it is hypothesized that the metastatic 

cells have not yet spread beyond the LN.  



Concerning the controversial role of isolated tumor cells, a poor prognosis appears to be associated 

only with aggressive histotypes of the primary tumor (Coleto et al., 2018; de Araújo et al., 2015) 

Given that lymphatic drainage of canine mammary tumors varies significantly among individual 

dogs, it is advisable to identify the involved SLN(s) for each new patient encountered.  

In human medicine, standard care for SLN identification involves peritumoral injection of radioactive 

marker and subsequent scintigraphy (Brissot & Edery, 2017; Pereira et al., 2008). 

Lymphoscintigraphy has also been described in dogs (Hlusko et al., 2020; Pereira et al., 2008; 

Worley, 2014); however, this equipment is not readily available in most veterinary facilities.  

Nowadays there is no standard approach for SLN mapping in veterinary medicine, although many 

techniques have been described in recent years (Annoni et al., 2023).  

Do date, indirect lymphography (IL) is considered an alternative to scintigraphic SLN mapping 

(Brissot & Edery, 2017; Collivignarelli et al., 2021; Ehrhart, 2020; Hlusko et al., 2020). Imaging 

agents are instilled into the tissues adjacent to the tumor, leading to preferential accumulation and 

lymphatic uptake to delineate the lymphatic pathways. Depending on whether LN mapping is 

intended for staging purposes or to assist in surgical resection, contrast agents, radiopharmaceutical 

colloids or dyes may be used (Worley, 2022).  

For preoperative staging purposes, imaging after contrast uptake can be accomplished through various 

modalities, with conventional radiology and CT being the most routinely employed (Brissot & Edery, 

2017; Collivignarelli et al., 2021; Majeski et al., 2017; Mayer et al., 2013; Rossi et al., 2018; Tuohy 

et al., 2009). 

Given that the positivity of a LN on mapping significantly influences the surgical treatment, recent 

studies have been conducted to evaluate the prognostic value of IL through CT and ultrasonographic 

assessments of the SLN (Soultani et al. 2017; Stan et al. 2020).  

According to Soultani and colleagues (2017), the size and shape of sentinel LNs as observed in CT-

IL, did not show accuracy in the prediction of metastasis; on the contrary, a low degree of iodinated 



contrast enhancement, was significantly associated with the presence of metastases, as demonstrated 

through the following histopathological examination. 

As previously mentioned, sentinel LNs ultrasonographic assessment may serve as a valid exam in 

predicting metastases, and thus preventing their unnecessary excision. In 2020, Stan and colleagues 

developed an ultrasound examination algorithm for assessing the SLN based on B-mode imaging, 

Doppler techniques, contrast-enhanced ultrasound and elastography. This method achieved an 

accuracy of 92.2% in detecting metastasis, with the presence of metastasis confirmed through 

histopathological examination (Stan et al., 2020). 

Below, general practical indications for performing digital radiographic IL will be provided. 

Radiology has been selected for the description of this technique due to its widespread adoption 

among veterinarians, attributable to its cost-effectiveness and lack of requirement for highly 

specialized equipment (Hlusko et al., 2020).  

Authors reported the use of both lipid-based (Brissot & Edery, 2017; Collivignarelli et al., 2021) or 

water-soluble contrast agents (Annoni et al., 2023; Hlusko et al., 2020). Water-soluble agents enable 

rapid lymphatic uptake and clearance; therefore, imaging should be performed within minutes 

following administration (Majeski et al., 2017; Soultani et al., 2017). In contrast, optimal images with 

lipid-based agents are obtained at least 24-48 hours after injection due to their slower clearance 

(Brissot & Edery, 2017; Collivignarelli et al., 2021; Hlusko et al., 2020; Mayer et al., 2013). 

Furthermore lipid-based media are more expensive compared to water-soluble agents and may cause 

adverse reactions at the injection site (Hlusko et al., 2020). 

2.4.2.1 How to perform a radiographic indirect lymphography  

The contrast medium is injected in four quadrants at the border of the tumor into the subcutis (Annoni 

et al., 2023; Collivignarelli et al., 2021; Hlusko et al., 2020) or dermis (Brissot & Edery, 2017) using 

a 22-27 gauge needle (Annoni et al., 2023; Brissot & Edery, 2017; Collivignarelli et al., 2021). Care 

must be taken to avoid injecting the contrast medium in the blood vessels.  



Specifically for MGT, Collivignarelli and colleagues described the injection of 0.8 mL to a maximum 

of 1.6 mL of Lipiodol Ultra-Fluid® (a lipid-based contrast medium with a concentration of 480 

mg/mL), evenly distributed across the four quadrants (Collivignarelli et al., 2021). For lipid-based 

contrast agents, radiographs should be taken 24–48 hours after administration (Collivignarelli et al., 

2021; Hlusko et al., 2020). On the other hand, the use of water-soluble agents like iohexol and 

iopamidol allows immediately after-injection image evaluation (Annoni et al., 2023; Hlusko et al., 

2020). Some authors have described the peritumoral injection of iohexol in volumes ranging from 0.3 

to 0.75 mL to detect SLNs of head and neck tumors in dogs through CT scans (Randall et al., 2020). 

A minimum of two orthogonal radiographic projections should be taken 4 to 5 times within the first 

10 minutes following the injection (Annoni et al., 2023; Hlusko et al., 2020) (Figure 3). 

 

2.4.3 Diagnostic imaging 

Radiology is the preferred initial screening test for detecting metastases due to its widespread 

availability and cost-effectiveness. Consequently, it has been selected as the sole method for 

describing metastasis detection.  

Figure 3. Magnified view of a contrast-enhanced lateral abdominal radiograph illustrating peritumoral marking due to contrast 
administration (green asterisk) and initial lymphatic uptake toward the caudal lymph centers (green arrows). 

-enhanced lateral abdominal radiograph illustrating peritumoral marking due to contrast administration (white asterisks) and initial 
lymphatic uptake toward the superficial inguinal lymph nodes (blue arrows) 

* 



It is important to note that in cases with multiple negative prognostic clinical factors or when a high-

risk tumor is suspected based on cytological findings, recommending contrast-enhanced CT as the 

initial diagnostic exam to the dog's owner may be prudent. This technique would offer more accurate 

information regarding the presence of LN and distant metastases (Barbagianni & Gouletsou, 2023; 

Liptak & Boston, 2019; Soultani et al., 2017). 

Three-view radiographs are always recommended, to allow a complete evaluation of the lungs and to 

ameliorate lesion conspicuity (Nykamp & Randall, 2019; Ober & Barber, 2006; Rudorf et al., 2008). 

Furthermore, depending on the recumbency position, there may be varying degrees of pulmonary 

parenchyma atelectasis. This is particularly relevant in lateral recumbency: when performing thoracic 

radiographs, prolonged lateral recumbency should be avoided to prevent position-dependent lung 

atelectasis. The lung in the dependent hemithorax collapses due to the reduced mobility of the thoracic 

cage and the compression exerted by the heart and the ipsilateral portion of the diaphragm during its 

cranial excursion. This atelectasis occurs shortly after the animal is positioned in lateral recumbency 

and is proportional in magnitude to the patient’s body mass (Thrall, 2013). 

Although the use of sedation may exacerbate the degree of recumbency-associated atelectasis (Thrall, 

2013), it is highly recommended as it induces drowsiness in the animals, making them more 

manageable and reducing the respiratory rate. This, in turn, minimizes movement artifacts due to 

thoracic cage excursions (Rudorf et al., 2008). 

To minimize artifacts when performing a chest x-ray study, it is advisable to position the sedated 

animal in sternal recumbency and start the exam performing a dorsoventral (DV) view, because the 

least amount of recumbency-associated atelectasis occurs in this position (Thrall, 2013). 

Subsequently, the two lateral projections can be performed. For detection of pulmonary metastasis, 

the ventrodorsal (VD) projection is highly recommended (Rudorf et al., 2008). 

Regardless of the projection performed, the exposure should typically be made at the end of the 

inspiratory phase, when the lungs are fully expanded allowing for more efficient detection of 



metastases. Additionally, a positional marker (right or left) should be always included in the 

collimated area to double check the positioning. 

Lung metastases typically present as nodular interstitial patterns characterized by circular, well-

defined radiodensities which require a minimal diameter of 3-5 mm to be visible (Maï et al., 2008) 

(Figure 4.). Superimposition of soft tissue structures sometimes prevents their visibility or can mimic 

pulmonary nodules, as in the case of nipples and costochondral junctions, which can be recognized 

through the observation of their regular distribution. A poorly aerated lung similarly reduces the 

possibility of recognizing metastases. 

2.4.3.1 Standard radiographic thoracic views positioning 

DV: The dog should be positioned in sternal recumbency with the forelimbs extended so that the 

elbows are at the sides of the thorax and with the hindlimbs flexed in a crouched position. The use of 

sandbags can help maintain this positioning. The sternum and vertebrae must be perfectly aligned so 

that the hemi thoraxes are symmetrical. The beam must be centered between the shoulder blades and 

at their caudal aspect. 

Figure 4. Lateral-view radiograph of the thorax showing disseminated pulmonary metastases. The image also reveals a large mammary 
tumor located in the abdominal mammary glands, from which the metastases originated. This dog is classified as TNM stage V. 

. 

 



VD: The dog must be positioned in dorsal recumbency in a trough or bean bag with the forelimbs 

pulled forward and the hindlimbs left in a “frog leg” position. The use on sandbags allows the fixation 

of the forelimbs. The sternum and vertebrae must be perfectly aligned so that the hemithorax’s are 

symmetrical. The beam must be centered on the center of the sternum.  

For DV and VD views, collimated area should include the thoracic inlet, diaphragm and cranial 

abdomen, and the lateral aspects of the thorax. 

Lateral recumbency: The dog must be positioned in lateral recumbency with the head and neck 

extended and the forelimbs pulled forward and maintained in this position with sandbags. This is very 

important to avoid the overlap of the triceps muscles with the cranial lung lobes. The neck can be 

supported by a concave support. To ensure the dog remains in the required position, hindlimbs can be 

hold by sandbags. A foam wedge positioned under the sternum or spine can be helpful to hold sternum 

and vertebrae levelled on the same plane. The beam should be centered approximately at the 

intersection of a vertical line tangent to the caudal edge of the scapula and a line passing through the  

midpoint of the distance between the spine and the sternum. Collimated area should include the 

thoracic inlet and whole diaphragm (Rudorf et al., 2008) (Figure 5). 

 

Figure 5. Three-views radiographic study of the thorax: dorsoventral (A), left lateral (B) and right lateral recumbency (C) projections. 
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2.5 Histotype, grading and prognosis   

Histopathological examination is fundamental as it enables the assessment of tumor histotype and 

grade, the presence of lymphatic invasion and the status of the LNs, all of which are critical in defining 

prognosis. Tumor histotype has recently been confirmed as an independent prognostic factor (Rasotto 

et al., 2017).  

Regarding the histotype, over the years various classification systems for canine mammary tumors 

have been proposed (Goldschimdt et al., 2011; Hampe and Misdorp, 1974; Misdorp et al., 1999; 

Monlux et al., 1977). Authors chose for description the 2019 update (Zappulli et al., 2019) by WHO 

and Davis-Thomson DVM foundation of the 2011 classification by Goldschmidt and colleagues 

(Table 4).  

The majority of CMTs originate from epithelial tissues; however, some tumors have a mixed origin, 

involving both epithelial and myoepithelial tissues, as seen in complex carcinoma or complex 

adenoma. Additionally, certain tumors are of mesenchymal origin, like osteosarcoma, fibrosarcoma 

and fibroadenoma, while carcinosarcomas or mixed benign tumors arise from both mesenchymal and 

epithelial tissues. 

For epithelial tumors, grading is determined through the assessment of tubules formation, nuclear 

pleomorphism and mitosis per 10 high-power fields (HPS) (Elston and Ellis, 1991; Peña et al. 2013). 

The tumor will be given a grade I (low, well differentiated), II (intermediate, moderately 

differentiated) or III (high, poorly differentiated) based on the score obtained (Peña et al. 2013). A 

higher grade corresponds to greater malignancy and a worse prognosis (Peña et al. 2013; Rasotto et 

al., 2017).  

Grade III tumors have shorter disease-free intervals (DFI) and overall survival (OS) compared to 

grade I and II tumors (Nunes et al., 2018; Peña et al. 2013; Soares et al., 2023), which tend to behave 

similarly and are linked to longer tumor-specific survival (Rasotto et al., 2017; Soares et al., 2023). 

The risk of death for grade III tumors is 7.1 times higher than for grade I (Rasotto et al., 2017).  

 



Table 4. Davis Thomson Foundation classification of Canine Mammary Tumors. Main categories are indicated in bold. 

Canine Mammary Tumors histotype classification 

1. Hyperplasia/Dysplasia 
1.1 Duct ectasia 
1.2 Lobular hyperplasia (adenosis) 

1.2.1 Regular 
1.2.2 With secretory activity 
1.2.3 With fibrosis 
1.2.4 With atypia 

1.3 Epitheliosis 
1.4 Papillomatosis 

2. Benign epithelial neoplasms  
2.1 Simple benign tumors  

2.1.1 Adenoma—simple  
2.1.2 Myoepithelioma  

2.2 Non-simple benign tumors  
2.2.1 Complex adenoma  
2.2.2 Benign mixed tumor  
2.2.3 Fibroadenoma  

2.3 Ductal-associated benign tumors  
2.3.1 Ductal adenoma   
2.3.2 Intraductal papillary adenoma  

3. Malignant neoplasms  
3.1 Carcinoma–in situ   
3.2 Simple carcinomas  

3.2.1 Tubular (including cribriform) carcinoma  
3.2.2 Tubulopapillary carcinoma  
3.2.3 Solid carcinoma  
3.2.4 Invasive micropapillary carcinoma  
3.2.5 Comedocarcinoma  
3.2.6 Anaplastic carcinoma  

3.3 Non-simple carcinoma  
3.3.1 Carcinoma arising in complex adenoma/benign mixed tumor  
3.3.2 Complex carcinoma  
3.3.3 Carcinoma and malignant myoepithelioma   
3.3.4 Mixed carcinoma  

3.4 Ductal-associated carcinoma  
3.4.1 Ductal carcinoma  

        3.4.2         Intraductal papillary carcinoma 
4. Malignant epithelial neoplasms-special types  

4.1 Squamous cell carcinoma  
4.2 Adenosquamous carcinoma  
4.3 Mucinous carcinoma  
4.4 Lipid-rich carcinoma  
4.5 Spindle cell carcinoma  
4.6   Malignant myoepithelioma  

5. Malignant mesenchymal neoplasms  
5.1 Osteosarcoma  
5.2 Chondrosarcoma  
5.3 Fibrosarcoma  
5.4 Hemangiosarcoma  
5.5   Other sarcomas  

6. Carcinosarcoma 

7. Hyperplasia/dysplasia of the Teat  
7.1 Melanosis of the skin of the teat  
7.2    Hyperplasia of the teat 

8. Neoplasms of the teat  
8.1 Benign ductal-associated neoplasms  

8.1.1 Ductal adenoma  
8.1.2 Intraductal papillary adenoma  

8.2 Malignant ductal-associated neoplasms  
8.2.1 Ductal carcinoma  
8.2.2 Intraductal papillary carcinoma  

8.3 Carcinoma with epidermal infiltration (Paget-like disease)  

  



Information regarding stromal and vascular/lymphatic invasion aids in identifying more aggressive 

tumor behavior, as these factors indicate an increased risk of lymphatic system involvement and 

consequently the presence of metastases (Rasotto et al., 2012; Rasotto et al., 2017). 

Carcinosarcomas and sarcomas are generally not evaluated using this system; however, most are 

biologically aggressive tumors linked to very poor long-term survival (Sorenmo et al., 2020). 

Specifically regarding histotypes, Rasotto and colleagues (2017) evaluated the median survival time 

(MST) as well as the 1- and 2-year survival rates in dogs undergoing surgical tumor excision (Table 

5). They found that carcinomas arising from benign mixed tumors exhibit behavior similar to that of 

benign tumors, such as complex adenomas, benign mixed tumors and simple adenomas, which 

showed no recurrence or metastases development.  

Histotypes such as carcinosarcoma, solid carcinoma, pleomorphic lobular carcinoma (de Araújo et 

al., 2015; Gonçalves et al., 2021; Nunes et al., 2018; Rasotto et al., 2017) and invasive micropapillary 

carcinoma (de Souza et al., 2023; Gonçalves et al., 2021) are associated with a higher likelihood of 

metastasizing to regional LNs, leading to reduced survival times (de Araújo et al., 2015).  

The worst prognosis overall has been observed for anaplastic carcinoma and carcinosarcoma with 

described MST of 3 months and a respectively 89 and 100% metastatic rate (Rasotto et al., 2017).  

Adenosquamous, comedo- and solid carcinoma are associated with a poor prognosis (MST 

respectively of 18, 14, 8 months), with adenosquamous carcinoma exhibiting the highest local 

recurrence rate (50%) (Rasotto et al., 2017). 

Dogs with complex and simple tubular carcinomas tend to exhibit a prolonged overall survival, 

whereas those with other types, such as simple tubulopapillary carcinoma, intraductal papillary 

carcinoma and carcinoma and malignant myoepithelioma, face more than a tenfold increased risk of 

tumor-related death compared to the former (Rasotto et al., 2017). 

Similarly, Nunes and colleagues described shorter MSTs for dogs with invasive micropapillary 

carcinomas (MST=188 days) and solid carcinomas and carcinosarcomas (MST=193 days), when 



compared to those with carcinomas in mixed tumors (MST not reached at 980 days) (Nunes et al., 

2014). 

Table 5. Median survival time and 1- and 2-year survival rate after surgical resection for specific histotypes of canine mammary tumors 
from Rasotto et al., 2017. 

 

 

 

 

 

 

 

 

Mammary gland sarcomas are typically biologically aggressive tumors and are linked to very poor  

long-term survival outcomes. Common types include osteosarcoma (OSA), fibrosarcoma, 

chondrosarcoma and hemangiosarcoma. Among these, OSA is by far the most frequent. Metastasis 

occurs via the hematogenous route, mainly to the lungs (Sorenmo et al., 2020).  

Metastases and recurrences in mesenchymal tumors appear to develop in approximately 80–100% of 

bitches following excision (Szczubial et al., 2011). 

In 2019, Sorenmo and colleagues proposed a refined flexible scoring (RFS) system adapted for 

epithelial carcinomas to identify high-risk dogs based on tumor size, LN involvement, histotype and 

grading as shown in Table 6. The RFS identifies as high-risk dogs those with a bio-score > 3 (Sorenmo 

et al., 2019). In cases of mammary tumor multiplicity, prognosis should be determined on the base of 

the most aggressive tumor. 

Furthermore, assessment of tumor markers enables the determination of prognosis and the 

formulation of effective individualized treatments. 

 

 

                                                                                          Survival Rate 
Subtype MST 1 Year 2 Year 
Complex carcinoma nr 100% 96% 
Simple tubular carcinoma nr 93% 73% 
Simple tubulopapillary carcinoma nr 75% 67% 
Intraductal papillary carcinoma nr 83% 50% 
Carcinoma and malignant myoepithelioma nr 70% 55% 
Adenosquamous carcinoma 18 60% 0% 
Comedocarcinoma 14 71% 29% 
Solid carcinoma 8 45% 25% 
Anaplastic carcinoma 3 0% 0% 
Carcinosarcoma 3 0% 0% 
 
MST= median survival time (months); nr= not reached    



                Table 6. The refined flexible scoring system (RFS) for epithelial carcinomas by Sorenmo and colleagues (2019) 

2.5.1 Tumor Markers 

Unlike in human breast cancer (HBC), tumor markers are rarely investigated in dogs. ER and 

progesterone receptors (PR), epidermal growth factor receptor 2 (HER2) and Ki-67 (proliferation 

index) immunohistochemical markers are strong predictive factors and their investigation allows for 

the classification of four immunophenotypes in HBC, which determine treatment options: Luminal-

A BCs (ER-positive and/or PR-positive, HER2-negative and low Ki-67 proliferation index), Luminal-

B BCs (ER-positive and/or PR-positive, HER2-positive or high Ki-67 proliferation index), HER2-

positive BCs (ER-negative, PR-negative, HER2 protein overexpression and/or HER2 gene 

amplification) and triple-negative BCs (ER−negative, PR−negative, HER2−negative) (Frénel & 

Nguyen, 2023). 

Although tumor markers are not routinely evaluated in dogs, similar immunophenotypes have been 

described, which retain prognostic significance (Abadie et al., 2018). 

The two most common immunophenotypes in CMT appear to be triple-negative (Abadie et al., 2018) 

and luminal-B-HER2-negative (Frénel & Nguyen, 2023), with the former showing significantly 

Factor                                               Categories                                        Score 
Tumor Size Any size  0 (in all grade 1 tumors) 
 ³5 1 (all grade 2 tumors) 
 Any size  1 (all grade 3 tumors) 
Grade 1 0 
 2 1 
 3 2 
Lymph node status Negative or unknown 0 
 positive 0 in grade 1 and 2 tumors 

1 in grade 3 tumors 
Histological subtypes 1 (carcinoma*)  1 
 2 (complex carcinoma)  0 
 3 (carcinoma arising in 

benign mixed tumor) 
0 

 4 Others** 2 
Total bio-score Maximum possible score: 6 

Low-grade: £2 
High-grade: >3 

*Included carcinomas were tubular, tubulopapillary and ductal carcinomas. 
**Others: solid carcinomas, comedocarcinoma, carcinoma and malignant myoepithelioma, anaplastic carcinoma, 
carcinosarcoma. 

 



shorter DFI and OS in comparison to luminal-A tumors (Abadie et al., 2018).  ER-/PR- MTs have a 

worst prognosis if compared to ER+/PR+ and ER-/PR+ tumors (Kim et al., 2014).  

Regarding HER-2, its role in CMTs has been debated. In fact, while it may play a part in tumor 

formation, it does not seem to be directly linked to malignant transformation or it cannot be 

considered a reliable marker of malignancy (Kaszak et al., 2018). 

Several studies confirm Ki-67 proliferation index as a good predictor of high grade of malignancy 

and poor prognosis in CMTs (Arenas et al., 2016). 

Other biomarkers investigated in CMTs are cyclooxygenase-2 (COX-2) and endothelial growth factor 

(VEGF) (Valdivia et al., 2021). The overexpression of VEGF, Ki-67 and COX-2 markers in the 

primary tumor is associated with a worse prognosis and an increased likelihood of metastasizing to 

LNs (Carvalho et al., 2017; Queiroga et al., 2010). 

Tumors ³ 5 cm in diameter proved to be associated with loss of PR and a higher ki-67 proliferation 

index (Ferreira et al., 2009).  

In summary, a thorough understanding of the biological behavior of a specific tumor histotype, as 

well as its grade and stage, is crucial for veterinarians when advising the owner of a dog suffering 

from mammary cancer. This knowledge is essential for accurately indicating the prognosis and 

discussing therapeutic options.  

2.6 Therapy 

2.6.1 Surgery        

Except in cases of inflammatory or stage V carcinoma, surgery remains the preferred treatment option 

for both benign and malignant MTs (Sorenmo et al., 2020). 

Surgery is curative for all cases of benign tumors (Rasotto et al., 2017; Thomson & Britt, 2022) and 

for most malignant clinical stage I tumors (MacEwen et al., 1985), such as carcinoma arising in 

benign mixed tumors, complex carcinomas and simple tubular carcinomas (Rasotto et al., 2017). 

Surgery cannot be considered curative for all malignant epithelial tumors larger than 5 cm (stage III), 

as well as for those with regional or distant metastases (stages IV and V), aggressive histotypes, 



lymphatic histological invasion or high-grade histological carcinomas. In these cases, medical 

therapy is recommended due to the increased risk of recurrence or metastasis (Sorenmo et al., 2020). 

Surgery of high-risk tumors, such as adenosquamous, comedo-, solid, anaplastic carcinoma and 

carcinosarcoma, always requires support of chemotherapy (Rasotto et al., 2017; Sorenmo et al., 

2020). 

Given their high tendency to metastasize, surgery may not be completely curative for other tumors 

such as pleomorphic lobular, micropapillary, squamous cells (Gonçalves et al., 2021) and lipid-rich 

(Muscatello et al., 2021) carcinomas. 

Carcinoma and malignant myoepithelioma, intraductal papillary carcinoma and simple 

tubulopapillary carcinoma might benefit from adjuvant therapies (Rasotto et al., 2017).  

Following the recommendations from the scoring system of Sorenmo and colleagues (2019), dogs 

diagnosed with a bio-score£2 have an excellent prognosis following surgical resection. Dogs with a 

bio-score>3 are at risk of metastasis and require adjuvant systemic therapy (Sorenmo et al., 2019). 

Palliative surgery in stage V dogs does not improve prognosis. However, it may be performed to 

prevent ulceration of the tumor mass, relieve pain or stop bleeding (Cassali et al., 2014). 

Currently there are no standard guidelines about the appropriate extent or “dose” of surgical excision. 

Due to the lack of data standardization, to date none of the published studies shows a clear benefit of 

choosing one surgical dose over another. Therefore, the decision to perform lumpectomy, simple 

mastectomy, regional mastectomy or unilateral or bilateral chain mastectomy should be based on 

known prognostic factors and surgeon’s experience (Hörnfeldt & Mortensen, 2023).  

Selecting the most appropriate treatment option for the patient necessitates consideration of numerous 

factors including age, spaying status, tumor size, number and location of nodules, ulceration, fixation 

to underlying structures, lymphatic drainage from the affected gland, clinical stage as well as previous 

mammary gland tumors (Lana et al., 2007). 

 Whenever feasible, the optimal outcome following surgical excision should be the achievement of 

clean margins and the prevention of new tumors on the remaining mammary glands. Incomplete 



tumor excision is predictive of local recurrence (Rasotto et al., 2017) and should be followed by an 

additional resection (Sorenmo et al., 2020). In a 2021 study by Chocteau and colleagues, resection of 

locoregional recurrence was associated with prolonged survival (44 months compared to 6 months in 

untreated dogs. 

However, excessive surgical dosing is not advisable, even for prophylactic purposes. Instead, the 

preferred approach should always be to choose for the least invasive surgery that achieves the best 

possible outcome. 

When unnecessary, performing radical prophylactic surgeries is discouraged as it prolongs the 

duration of the procedure, increases stress and nociceptive stimulation and makes postoperative 

complications more frequent (Horta et al., 2015). 

To properly plan the extent of surgery, it is crucial to recognize that the lymphatic system serves as 

the primary route for the spread of metastasis in canine mammary cancer (CMC) and that lymphatic 

connections exist between several glands (Patsikas et al., 2006; Pereira et al., 2003). Additionally, 

metastases may be present in mammary gland tissue even if it appears clinically unaffected (Busch 

& Rudolph, 1995). Therefore, it is strongly advised to remove the LNs and the glands associated with 

lymphatic drainage during the excision of MTs. 

For intact bitches, it is advisable to perform simoultaneously ovariectomy or ovariohysterectomy. 

Tumor excision should be conducted after spaying and following the closure of the abdominal cavity. 

This approach helps minimize the risk of tumor cell dissemination in the event of accidental rupture 

of the tumor capsule (Sorenmo et al., 2020).  

Among the various degrees of surgical intervention, the following are recognized: 

• Lumpectomy or nodulectomy: this procedure involves the localized removal of a small 

solitary tumor (<0,5 cm), for which a benign nature is hypothesized. It should be not 

performed with tumors expressing malignant features. The skin and surrounding mammary 

tissue are resected along with the nodule, respecting a margin of 1 cm approximately 

(MacPhail & Fossum, 2019; Thomson & Britt, 2022; van Nimwegen & Kirpensteijn, 2018). 



• Simple mastectomy or mammectomy: this technique consists of the complete removal of the 

entire gland in cases of small tumors (around 1 cm), centrally located in the breast (Sorenmo 

et al., 2020; Thomson & Britt, 2022).  

• Regional mastectomy: this procedure entails the en bloc removal of MGs 1 to 3 for tumors 

located in the thoracic glands and MGs 3 to 5 for tumors located in the caudal abdominal 

and/or inguinal glands, based on knowledge of the venous and lymphatic anatomy of canine 

mammary tissue. It is indicated in case of larger tumors or multiple nodules in adjacent glands 

which lie in these regions. The inguinal LN is automatically removed during the surgical 

excision of 3 to 5 glands, as it lies within the fatty tissue beneath the fifth mammary gland. 

The axillary LN should be removed if it is enlarged or tests positive or uncertain for 

metastasis, as well as in cases where it is positive on LN mapping (Thomson & Britt, 2022; 

van Nimwegen & Kirpensteijn, 2018).   

As previously reported, since M3 can often drain into both the ipsilateral axillary and 

superficial inguinal LNs, cranial or caudal regional mastectomy may not be effective to 

prevent new tumors formation in the remaining glands. The same applies in cases of caudal 

regional mastectomy for neoplastic M4 resection (van Nimwegen & Kirpensteijn, 2018).  

Some authors have reported a 'bilateral caudal regional mastectomy,' which consists of the 

simultaneous bilateral excision of M4 and M5 (Thomson & Britt, 2022). After regional 

mastectomy, approximately 22% of bitches with benign nodules (Sorenmo et al., 2009) and 

48-58% of those with malignant nodules (Sorenmo et al., 2009; Stratmann et al., 2008) have 

shown the development of new tumors in the remaining ipsilateral MGs. 

• Chain mastectomy: this surgical procedure involves the en bloc removal of MGs 1 to 5 and it 

could be unilateral or bilateral. This procedure is especially recommended in dogs affected 

with multiple nodules on the same chain (Sorenmo et al., 2020) or with tumors in M3 and M4, 

draining both cranially and caudally (van Nimwegen & Kirpensteijn, 2018). It is not 

inadvisable to perform a bilateral chain mastectomy simultaneously due to the numerous 



related complications. It is therefore recommended to perform a staged procedure (two 

unilateral mastectomies 3 to 6 weeks apart) (Thomson & Britt, 2022; van Nimwegen & 

Kirpensteijn, 2018). 

Regardless of the procedure chosen, the patient should be positioned in dorsal recumbency, with the 

thoracic limbs secured cranially and the pelvic limbs fixed caudally in a relaxed state.  

In the case of extensive surgeries, bitches should be clipped from the mid-chest to the caudal inguinal 

region and prepared for aseptic surgery, as shown in Figure 6 (MacPhail & Fossum, 2019). 

The use of a surgical skin marker to outline the tissue to be resected can be helpful (Thomson & Britt, 

2022). Elliptical skin incisions are usually made around the glands to be removed. The skin and 

surrounding tissue is resected along with the MGs considering a lateral margin of 1-3 cm, while the 

deep dissection is carried out up to the ventral aspect of the external abdominal fascia. If there are 

adhesions to the abdominal fascia, this must be removed, along with the first layer of muscle if 

indicated. Whenever possible, it is advisable to avoid the incision of mammary tissue (Thomson & 

Britt, 2022; van Nimwegen & Kirpensteijn, 2018). 

Figure 6. Positioning of the patient for mastectomy. The entire ventral thoracic, abdominal and inguinal areas have been clipped 
and prepared with a surgical scrub for the unilateral mastectomy 

 



 An en bloc excision can be performed by elevating one edge of the incision (Figure 7 A) and utilizing 

scissors, along with manual dissection, to separate the subcutaneous tissue from the underlying fascia. 

The traction applied to the elevated skin segment aids in the dissection process (Figure 7B). If the 

 fascia and/or muscle are adherent, they must also be excised (Figure 7C). 

Superficial hemorrhage must be controlled with electrocoagulation, hemostats or ligation as required.  

It is always advisable to ligate major vessels. These are represented by cranial superficial epigastric, 

which penetrate the rectus abdominis between the caudal thoracic and cranial abdominal 

mammary glands, and by caudal superficial epigastric which are identified at the level of M5, 

Figure 7. Different stages of mastectomy: lifting the cranial edge for the en-bloc excision (A), traction applied to aid dissection (B) 
and approximation of the wound edges to assess tension (C). In the final image, note how the fascia has been removed from the 
underlying muscular plane due to adhesions. 



near the inguinal ring. Both arteries and veins must be carefully isolated, ligated and then divided 

(MacPhail and Fossum, 2019). 

After excising the neoplastic tissue, it is important to assess whether the wound edges can be 

approximated without tension (7C). This is crucial to prevent ischemic necrosis of the tissue and 

wound dehiscence. 

Walking sutures (absorbable sutures placed from the deep dermis to the underlying fascia) can be 

applied during mastectomy wounds closure to advance skin toward the center of the defect, with the 

aim of managing tension, reducing seroma formation as well as the acute postoperative pain 

(MacPhail & Fossum, 2019; Thomson & Britt, 2022; Travis et al., 2018).  

When excessive tension is present, performing mesh-releasing incisions (Figure 8A) or achieving 

closure through advancement flaps or non-linear reconstruction is always advisable (Figure 8B) 

(Buiks et al., 2013). 

 In cases of substantial inguinal or sternal defects resulting from the surgical resection of large tumors, 

transpositional skin flaps from the axillary or flank region may be utilized to facilitate wound closure. 

Monolateral or bilateral flaps can be created depending on the size of the wound (Hunt 1995; 

MacPhail & Fossum, 2019; Sadhasivan et al., 2017).  

Figure 8. Mesh-releasing incisions made to reduce tension in a localized area of the mastectomy (9A); double Y-reconstruction 
following an extensive mastectomy (9B). 



In case of significant dead space, it is recommended to use a closed suction or Penrose drain to help 

prevent fluid accumulation, to be removed 3-5 days post-surgery or when drainage diminishes to a 

minimal amount (MacPhail & Fossum, 2019). 

The subcutaneous tissue can be closed using a continuous or interrupted pattern suture in either a 

single or double layer. A 4/0, 3/0 or 2/0 US Pharmacopeia (USP) sized monofilament absorbable 

suture material swaged onto a ½ circle tapered needle is recommended for subcutaneous closure, 

depending on the size of the patient (Fahie, 2018). 

Skin closure can be accomplished through various methods. For external cutaneous suture patterns, 

skin closure is typically done using staples or monofilament nonabsorbable material (such as nylon, 

polybutester [Novafil], or polypropylene [Prolene]) attached to a cutting or, preferably, reverse-

cutting 3/8 circle needle. Simple interrupted or continuous sutures, interrupted or continuous cruciate 

sutures and continuous Ford interlocking sutures are often used. Buried intradermal suture patterns 

need more time for their application, but they entail the use of absorbable material suture that is not 

removed. A continuous intradermal pattern is typically employed, usually oriented horizontally 

(parallel to the incision), though it can also be applied vertically. Apposition of tissue is usually 

performed with 3-0 USP or 4-0 USP sized suture material. Regarding the materials most commonly 

used for subcutaneous or intradermal sutures, these include poliglecaprone 25 (Monocryl), glycomer 

631 (Biosyn), polydioxanone (PDS), polyglyconate (Maxon), polyglactin 910 (Vicryl), and 

polyglycolic acid (Dexon) (Fahie, 2018).  

2.6.1.1 Lymphadenectomy  

Vital dyes are helpful in the visual identification of LNs during lymphadenectomy, especially when 

they are not enlarged, since their identification can sometimes be difficult and frustrating. Sterile 

methylene blue is a commonly used agent since it does not require specialized equipment and it 

appears to be associated with fewer side effects compared to other analogues, such as patent blue dye 

or isosulphan blue (Liptak & Boston, 2019). 



The use of vital dyes as the sole method for identifying the SLN is discouraged, as it can be 

challenging and may result in false negatives. Indeed, they do not indicate whether there is drainage 

to intracavitary LNs or may require a wider surgical exposure to trace the afferent lymphatics leading 

to distant SLNs. For this reason, it is advisable to use blue dye primarily to enhance the intraoperative 

visualization of LNs, previously identified through IL techniques (Liptak & Boston, 2019).  

Sterile methylene blue (10 mg/mL) should be diluted with an equal volume of sterile saline to achieve 

a concentration of 5 mg/mL. Four 0.1 mL aliquots are then injected around the tumor into four 

quadrants, penetrating the skin adjacent to the tumor, as shown in Figure 10A. 

Approximately 5 minutes are needed for the lymphatic uptake of the dye (Figure 10B). 

Extirpation of the blue staining lymphatic vessels is not typically performed, as the presence of 

metastases along their path is considered extremely rare. The LNs should be removed only after the 

excision of the MT, but their removal should be carried out within 45–120 minutes of dye injection 

to minimize dye washout in the LN. It would be advisable to use new gloves and instruments for the 

excision of the LNs (Worley, 2022).  

Other types of indirect lymphography are used to enhance the intraoperative visualization of LNs, 

such as those using fluorescein or near-infrared (through indocyanine green fluorescent dye) or 



scintigraphic techniques. However, these methods require either specialized equipment to detect 

fluorescence or radiation safety equipment and trained personnel, which naturally limits their 

accessibility in many veterinary facilities (Worley, 2022). 

Among the LNs most identified as SLNs in MTs are the axillary, inguinal and popliteal nodes 

(Patsikas et al., 2006; Pereira et al., 2003), whose surgical removal will be specifically addressed in 

this text. The inguinal LN is typically removed en bloc along with M5; other LNs require a specific 

surgical approach. Removal of the sternal, medial iliac or superficial cervical LNs may also be 

necessary.  

The removal of a peripheral LN is a relatively simple procedure. When possible, it is advisable to 

palpate and isolate the LN between the fingers, to address the incision directly over it. A skin incision 

matching the length of the LN, oriented along its longitudinal axis, is sufficient. The perinodal fatty 

tissue is bluntly and sharply dissected to free the LN. Manipulations should be gentle, avoiding a firm 

grasp to prevent rupture of the capsule and parenchyma. It is important to control bleeding by ligating 

or cauterizing the vessels at the hilus. Subcutaneous tissues and skin are closed as usual (Worley, 

2022). For removal of LNs within the thorax or abdomen, an exploration of that body cavity is 

performed, and nodes are removed by careful dissection and maintenance of haemostasias. Since 

Figure 10. Preoperative peritumoral injection of methylene blue dye (A); lymphatic uptake of methylene blue dye from M1 
toward the axillary lymph center. Note how the dye enhances the visualization of the lymphatic vessels and nodes. 



many LNs are actually lymph centers, care must be taken to identify multiple LNs that may need to 

be removed in the same area (Culp & Herhart, 2022). Histopathological examination of the excised 

LNs is mandatory. Below are brief directions for the removal of the most common peripheral SLNs: 

• AXILLARY: Following the mastectomy, the patient can be maintained in a dorsal recumbency 

position, or alternatively, placed in lateral recumbency with the ipsilateral forelimb suspended. 

A skin incision is made along the caudal border of the triceps muscle. The dorsal border of 

the deep pectoral muscle is then identified, which may require transecting the tendon of the 

latissimus dorsi muscle at its ventral aspect and reflecting the muscle dorsally. Blunt 

dissection through the loose fascia between these muscles leads to the axillary vein, along the 

caudal border of which the axillary LN is located (Worley, 2022). 

• POPLITEAL: The patient can be placed either in dorsal recumbency with the hind limb 

suspended or in lateral recumbency with the limb relaxed. The incision is made over the 

popliteal fossa. Care should be taken to avoid deep dissection that could potentially damage 

the cranial tibial artery or vein (Worley, 2022). 

2.6.1.2 Preparation of the specimen for histopathological examination  

Once the tumor excision is complete, it is crucial to clearly mark the margins of the resected specimen 

using inks or sutures. The surgical margin refers to any area of the biopsy specimen that was adjacent 

to or in contact with the tissue remaining in vivo. Assessment of surgical margins is paramount, as 

the completeness of the surgical excision influences the outcome and impacts the prognosis (Sorenmo 

et al., 2020). 

Following the guidelines outlined by Kamstock and colleagues in 2011, it is advisable to ink the 

specimens and allow them to dry thoroughly for 5-10 minutes before placing them in 10% neutral 

buffered formalin. To accurately apply the ink, use a cotton swab or wooden applicator stick, and 

when using ink alone, apply different colors to orient the specimen (e.g. deep margin, cranial, and 



caudal). Sutures can be used to demarcate surgical margins, and identification is based on either suture 

number or color (e.g., 1 or blue sutures = cranial margin, 2 or black sutures = caudal margin). 

Since the inguinal LNs are typically removed en bloc along with the fifth mammary glands (11A), it 

is advisable to isolate them (Figure 11B) or clearly mark their position to assist the pathologist in their 

detection, especially when they are very small in size. 

Fixation should always follow a 1:10 tissue-to-formalin volume ratio and should start as soon as 

possible, ideally within 30 minutes of excision, to minimize tissue artifacts (Kamstock et al., 2011).  

2.6.1.3 Postoperative care 

Analgesics and supportive therapy should be tailored to the individual patient on a case-by-case basis. 

Abdominal bandages should be applied and left in place for at least 5 days, especially in cases of 

large excisions, to provide wound support, compress dead space and absorb fluids. These bandages 

should be kept as dry as possible and therefore changed daily or as needed. The wound should be 

regularly inspected for signs of inflammation, swelling, drainage, seroma, dehiscence or necrosis 

(MacPhail & Fossum, 2019) (Figure 12). Skin sutures are generally removed 10 to 14 days after 

surgery. However, when delayed wound healing is suspected, sutures are left in place for 14 to 21 

days (Fahie, 2018). 

Figure 11. In A: En-bloc resected tissue after bilateral caudal regional mastectomy. The image shows the inspection of the superficial 
inguinal lymph center in progress (white asterisk). In B: Isolation of two small lymph nodes identified within the superficial inguinal 
lymph center 

* 



Pain, inflammation, hemorrhage, seroma, infection, ischemic necrosis, self-trauma, dehiscence, hind 

limb edema and tumor recurrence are common complications associated with mastectomy, 

particularly in invasive or radical surgeries (Evans et al., 2021; MacPhail & Fossum, 2019; Spåre et 

al., 2021). High body weight and postoperative antimicrobial administration can also influence 

postoperative complications incidence (Evans et al., 2021; Spåre et al., 2021); interestingly, in the 

study by Evans and colleagues of 2021, the association between postoperative antibiotics and 

complications, varied according to mastectomy type, making the issue controversial (Evans et al., 

2021). 

 

 

Figure 12. Regular postoperative inspection of the surgical wound after invasive unilateral mastectomy. In A: Good healing of the 
wound observed on the tenth postoperative day; in B: Large hematomas observed in the thoracic and inguinal ventral regions on the 
second postoperative day. 



2.6.1.4 Perioperative antimicrobial and pain management  

In 2021, Spare and colleagues evaluated the incidence of postoperative complications in dogs 

undergoing mastectomy without perioperative prophylactic antimicrobial therapy. Their findings 

indicated a similar or lower overall incidence of complications compared to previously reported 

incidences in dogs that underwent the same type of surgery but were administered antibiotic therapy 

(Evans et al., 2021; Horta et al., 2015). They also found that dogs with two or more glands excised 

had an increased risk of developing surgical site infections compared to those with only one gland 

excised. These results suggest that perioperative prophylactic antimicrobial therapy may not be 

necessary for all patients but could be recommended for those undergoing extensive mastectomies 

(Evans et al., 2021; Spåre et al., 2021) or for very debilitated patients (Mac Phail & Fossum, 2019). 

In case of infected or ulcerated neoplasm, it is advisable to administer antibiotics several days prior 

to surgery (MacPhail & Fossum, 2019).  

To improve intraoperative anti-noception and short term post-operative analgesia, the transverse 

abdominis plane block (also called TAP block) with 0.25% bupivacaine (0.3 to 0.35 mL/kg), 

combined with intercostal nerve blocks with 0.25% bupivacaine (0.013 to 0.04 mL/kg) in dogs 

undergoing unilateral radical mastectomy, has been reported (Portela et al., 2014); indeed local 

anesthesia allows the reduction of the amount of general anesthetics and the perioperative opioid 

consumption, reducing opioid-related side-effects (Kettner et al. 2011). If the surgery is invasive, it 

might be beneficial to perform epidural analgesia both preoperatively and postoperatively; a good 

postoperative analgesia in dogs undergoing unilateral mastectomy, with reduced postoperative opioid 

requirement, was described for preoperative epidural anesthesia using a combination of ropivacaine 

and morphine (Becerra et al., 2022; Tayari et al., 2022).  

2.6.1.5 Clinical follow-up  

Dogs with malignant tumors should be reevaluated every 2 to 3 months for a minimum of 24 months 

post-surgery. Patients must undergo a complete physical examination and chest and abdominal X-



rays to rule out the presence of local recurrences, LN or distant metastases. Upon detecting any 

irregularity, it is important to determine whether it is associated with the resected MT. In case of 

locoregional recurrence or new tumors development, a new diagnostic work-up and staging should 

be performed. In case of locoregional recurrence, surgical resection is always advisable (Chocteau et 

al., 2021 (Figure 13).  

In the event of the animal's death or euthanasia, it's important to advise the owner to allow a necropsy 

to assess the presence of metastases (Matos et al., 2012). 

2.6.2 Chemotherapy 

Despite the lack of solid literature confirming the efficacy of chemotherapy, it is still recommended 

in case of inflammatory (Marconato et al., 2009), metastatic or high-risk MTs where surgery alone 

may not be effective (Sorenmo et al., 2020). 

For specific aggressive histotypes, like adenosquamous carcinoma, comedocarcinoma, solid 

carcinoma, anaplastic carcinoma and carcinosarcoma, adjuvant chemotherapy is always 

recommended. Regardless of the histotype, in case of malignant large tumors (diameter >5 cm) or 

lymphatic involvement, chemotherapy is still recommended due to the high-rate risk of recurrence or 

metastasis (Sorenmo et al., 2020).  

Figure 13. A 10-year-old spayed bitch undergoing resection of a new tumor in the left mammary chain. Note the absence of the right 
mammary chain and the long scar from the previous unilateral mastectomy. 



Currently, the chemotherapeutic agents that have been investigated as adjuvant therapy for canine 

mammary tumors include carboplatin, mitoxantrone, 5-fluorouracil and cyclophosphamide, 

doxorubicin, docetaxel, gemcitabine, paclitaxel, cisplatin and capecitabine (Agnoli et al., 2024; 

Arenas et al., 2016; De Campos et al., 2018; Karayannopoulou et al., 2001; Khanna et al., 2015; 

Lavalle et al., 2012; Marconato et al., 2008; Simon et al., 2006; Suryawanshi 2021; Tran et al., 2016).  

Some authors have described cyclophosphamide as an effective chemotherapic agent against 

malignant MTs (Karayannopoulou et al., 2001; Suryawanshi 2021). 

In the 2001 study conducted by Karayannopoulou and colleagues, post-surgery combined 

administration of cyclophosphamide (100 mg/m2) and 5-fluorouracil (150 mg/m2 of body surface 

area) in bitches carrying invasive stage III or IV tubular adenocarcinoma, papillary adenocarcinoma, 

solid carcinoma and sarcoma (administered intravenously on the same day starting 7 days post-

surgery and continued weekly for four weeks),  resulted in extended overall survival compared to 

dogs receiving surgery alone (24 months versus 6 months, respectively). 

The 2016 retrospective study by Tran et al. found that dogs with clinical stage IV carcinoma, or lower 

stages with confirmed histological lymphatic invasion, showed improved long-term survival when 

treated with carboplatin and mitoxantrone, though the results were not statistically significant. This 

improvement was observed only in cases where complete surgical margins were confirmed through 

histopathological examination. However, the study did not provide information on the tumor’s 

histologic subtype or grade, both of which are recognized as important prognostic factors. 

Studies on post-surgery treatments with gemcitabine (Marconato et al., 2008) and mitoxantrone 

(Arenas et al., 2016), as well as the combination of doxorubicin and docetaxel (Simon et al., 2006), 

did not show significant differences in OST or time to metastasis compared to surgery alone.  

Endovenous paclitaxel showed a 20% response rate but unacceptable toxicity levels in treated dogs 

(Khanna et al., 2015). 

Currently, capecitabine is being studied in veterinary medicine in the treatment of carcinomas of 

different origins in dogs (Agnoli et al., 2024; Wetzel et al., 2024). In humans, this agent is indicated 



in the treatment of various malignant epithelial cancers including metastatic breast cancer. It has the 

advantage of being able to be administered orally and, in humans, it appears to be eliminated by 75% 

in the 24 hours following administration (Wetzel et al. 2024). In dogs seems to be well tolerated, with 

a good safety profile (Agnoli et al., 2024; Wetzel et al., 2024). Once absorbed by the intestinal 

mucosa, it is then transformed selectively in the tumor site into its only active metabolite, 5-

fluorouracil (Agnoli et al., 2024). 

The findings from the 2024 study by Agnoli and colleagues suggest that capecitabine is moderately 

effective in treating dogs with biologically aggressive carcinoma; however, further research is 

necessary to more accurately define the efficacy of capecitabine in treating mammary carcinomas in 

dogs.  One study reported an overall response rate of 13% in MGT-bearing dogs treated with a 

combination of carboplatin and gemcitabine (Dominguez et al., 2009). 

Adjuvant chemotherapy with doxorubicin or cisplatin are always recommended for mammary OSA, 

regardless of tumor diameter and LN involvement (Kuntz et al., 1998). 

New results regarding chemotherapy survival improvement could potentially be achieved by testing 

multimodal chemotherapy protocols and opting for neoadjuvant approaches to surgery (Frénel & 

Nguyen, 2023). 

The recommendations for inflammatory carcinoma will be discussed in detail later. 

2.6.2.1 Metronomic chemotherapy 

Oral metronomic chemotherapy is a treatment strategy that involves administering lower doses of 

chemotherapy drugs more frequently, as opposed to the higher doses used in conventional 

chemotherapy. In dogs, chemotherapeutics such as cyclophosphamide, lomustine and chlorambucil 

have been tested for several neoplasms (Valdivia et al., 2021). To authors knowledge, 

cyclophosphamide is the most frequently utilized agent in CMTs metronomic protocols (Nosalova et 

al., 2024), along with thalidomide (De Campos et al., 2018; Rossi et al., 2018). Metronomic strategy 

reduces toxicity while maintaining continuous drug exposure. It targets cancer cells indirectly by 

exerting anti-angiogenic and immune-modulatory effects.  



In mammary stage V carcinoma-bearing dogs, longer MSTs were observed in patients treated with 

surgery and metronomic chemotherapy compared to dogs treated with surgery and conventional 

chemotherapy (De Campos et al., 2018). 

Combining metronomic therapy with other agents, such as COX-2 or tyrosine kinase inhibitors 

(TKIs), is expected to lead to clinical benefits by enhancing the anti-angiogenic, immune-modulatory 

and anticancer effects (Alonso-Miguel et al., 2022; Elmslie et al., 2008; Rossi et al., 2018). The 

majority of TKIs are administered orally, offering a significant advantage for animal welfare by 

reducing stress and making it easier for the owner to administer the medication (Valdivia et al., 2021). 

In veterinary medicine, toceranib (Palladia®) is a TKI which is registered for canine mast cells tumor 

treatment but is commonly used for CMTs since some studies reported its anti-tumor activity against 

this malignancy (Valdivia et al., 2021), especially in case of pulmonary metastasis (London et al., 

2003). Nevertheless, evaluation of toceranib in clinical trials is very limited and further studies are 

required. 

As previously noted, in a 2018 study by De Campos and colleagues, the addition of metronomic 

thalidomide to postoperative carboplatin significantly increased survival in dogs with stage V 

mammary tumors (MST of 463 days), compared to those treated with surgery alone or surgery plus 

carboplatin (MST of 140 and 148 days, respectively). A similar survival benefit was observed in stage 

V dogs receiving post-surgery carboplatin combined with metronomic chemotherapy using 

cyclophosphamide and firocoxib (MST of 376.5 days). This highlights the clear clinical benefit of 

adding metronomic antiangiogenic and immunomodulatory therapies for these patients. 

2.6.3 Cyclooxigenase-2 Inhibitors 

Nonsteroidal anti-inflammatory drugs (NSAIDs), specifically COX-2 inhibitors, may be beneficial 

in treating malignant CMTs. This class of enzymes is involved in several steps of the carcinogenetic 

process, being responsible for neoplastic progression by promoting invasion, neo angiogenesis and 

metastasis and inhibiting apoptosis (Arenas et al., 2016; Valdivia et al., 2021) 



It is now understood that COX-2 is expressed in both benign and malignant canine mammary tumors, 

but overexpression of COX-2 is associated with malignancy and a poor prognosis (Badowska & 

Malicka, 2010; Doré et al., 2003; Guimarães et al., 2014; Lavalle et al., 2012; Millanta et al., 2016). 

In various studies, administration of COX-2 inhibitors showed to be significantly effective in 

prolonging survival in dogs with advanced or inflammatory carcinomas, combined or not with 

chemotherapy (Arenas et al., 2016; Lavalle et al., 2012; Marconato et al., 2009; Souza et al., 2009). 

The combination of piroxicam or firocoxib with surgery and carboplatin brought to an MST 

respectively of 390 and 570 days, significantly higher than that observed in dogs treated with surgery 

alone or combined with chemotherapy (9 days vs “not reached”) (Lavalle et al., 2012).  

Firocoxib as a single agent was likely to increase overall survival and disease-free survival in dogs 

with high malignant CMT (defined as a histological malignant grade III and/or a clinical stage IV), 

according to the study of Arenas and colleagues (2016). 

Piroxicam as a single agent brough an improvement in clinical conditions and significantly increased 

survival rates (mean and median progression-free survival of 171 and 183 days) compared with dogs 

treated with traditional chemotherapy protocols (doxorubicin, cyclophosphamide and 5-fluorouracil) 

(Souza et al., 2009).  

Nevertheless, further studies are needed to better characterize the therapeutic use of COX-2 inhibitors. 

2.6.4 Radiotherapy 

Although radiotherapy is commonly used in HBC treatment (Harbeck et al., 2019), it is rarely 

employed in CMT therapy. (Nosalova et al., 2024). Hypo-fractionated radiotherapy in dogs has been 

proposed to enhance the control of IMC when combined with toceranib phosphate, piroxicam and 

thalidomide (Rossi et al., 2018). However, radiotherapy is still not widely used in veterinary medicine 

due to high associated costs, lack of availability and limited research (Larue & Gordon, 2020). 

 

 



2.6.5 Endocrine therapy 

Since ovarian hormones have a role in tumorigenesis of CMT, they become the target in hormonal 

therapy. In humans, it is typically achieved through medical means; in dogs, surgical ovarian ablation 

is a more practical solution, as it eliminates the production of both estrogen and progesterone 

(Sorenmo et al., 2020). 

However, specific ER/PR modulators and luteinizing hormone-releasing hormone (LHRH) agonists 

have been tested in vivo. 

Aglepristone, a PR antagonist, was randomly administered 14 and 7 days prior to surgery to a specific 

subset of dogs selected based on well-established favorable clinicopathological criteria, including 

tumor size less than 3 cm, complex or mixed histologic subtype and histologic grade I or II. The 

treatment demonstrated that neoadjuvant aglepristone in dogs with PR-positive tumors had an 

antiproliferative effect and resulted in improved DFI (Guil-Luna et al., 2011).  

Tamoxifen, a selective ER blocker commonly used in human premenopausal ER-positive breast 

cancer (Valdivia et al., 2021), is not tolerable in dogs due to its several side effects such as vulvar 

edema, vaginal purulent discharge and pyometra (Morris et al., 1993; Tavares et al., 2010).  

Goserelin, classified as an LHRH agonist, led to decreased levels of estradiol and progesterone, as 

well as a reduction in tumor size in dogs with CMTs (Lombardi et al., 1999). 

Other agents that directly or indirectly interfere with ovarian hormones and their receptors, such as 

aromatase inhibitors (letrozole), oxytocin, melatonin and indole-3-carbinol have been tested. 

However, their use for antineoplastic purposes has remained limited to in vitro or laboratory animals 

research (Valdivia et al., 2021).  

Desmopressin is a synthetic hormone that mimics vasopressin, a natural hormone produced by the 

pituitary gland, also known as antidiuretic hormone (Valdivia et al., 2021). Since desmopressin has 

been proposed to have anti-metastatic effects (Valdivia et al., 2021), a few clinical trials have been 

conducted in dogs (Hermo et al., 2008; Hermo et al., 2011; Sorenmo et al., 2020). However, the 

results have been conflicting, making desmopressin's anti-metastatic effects in canines controversial. 



2.6.6 Other therapies  

There are several promising and innovative treatment strategies for mammary tumors. However, the 

majority have only been investigated through in vitro studies or experimental models using laboratory 

animals (Nosalova et al., 2024; Valdivia et al., 2021).  

Immunotherapy for dogs with mammary carcinoma is an emerging field aimed at enhancing the 

immune system's ability to recognize and attack cancer cells. Although immunotherapy in canine 

oncology is still in the early stages, it holds promise as a treatment for CMC, especially in those cases 

where traditional therapies have limited success (Nosalova et al., 2024). 

Some strategies used in immunotherapy for CMC include cancer vaccines, monoclonal antibodies 

(mAbs), cellular immunotherapy, oncolytic viruses (Nosalova et al., 2024; Valdivia et al., 2021) and 

bacteria (Razzuoli et al., 2022). 

Given the lack of clinical trials testing these therapies, no validated protocols currently exist. 

Therefore, the detailed discussion of these approaches has not been included in this work. 

2.7 Inflammatory carcinoma 

Inflammatory mammary carcinoma (IMC) is the most aggressive form of mammary tumor either in 

humans or dogs characterized by a locally aggressive behavior and a high rate of early regional and 

distant metastases (Alenza et al., 2001; Marconato et al., 2009; Singletary et al., 2008), primarily to 

the urinary bladder and other organs of the reproductive tract (Clemente et al., 2010). 

In dogs it seems to be uncommon, but the true incidence is unknown due to the fact it can be 

misdiagnosed with severe dermatitis or mastitis, especially in the earliest phase. In fact, clinical signs 

are compatible with cutaneous erythema, local edema and pain, firmness and warmth of the MGs 

with or without palpable nodules (Alenza et al. 2001; Clemente et al. 2010) (Figure 14).  

Bitches with IMC frequently present systemic signs such as weakness, anorexia and weight loss 

(Alenza et al. 2001). 



It is distinguished from other forms of mammary cancer by its sudden presentation and fulminant 

progression, which are related to a poor prognosis and a median OST from 25 to 60 days (Alenza et 

al., 2001; Clemente et al., 2009; Marconato et al., 2009; Souza et al., 2009). Intact female dogs are 

typically affected, with no breed predisposition (Peña et al., 2003). However, IMC has been described 

in one male dog (da Silva et al., 2019).  

Bitches with IMC are typically older than those with other types of mammary carcinomas (Alenza et 

al., 2001). While the etiology of IMC remains unknown, several predisposing factors have been 

identified, the most notable being elevated progesterone levels during diestrus (Peña et al., 2003). 

Histologically, it cannot be considered as a specific entity. The histologic hallmark of IMC is the 

presence of embolization of dermal lymphatic vessels by neoplastic cells, along with marked 

pleomorphism and loss of cellular differentiation and phagocytic activity (Alenza et al 2001; Peña et 

al., 2003; Tavassoli et al., 1999). 

The combination of both clinical signs and histopathological features is used to confirm the diagnosis. 

Although several types of highly malignant carcinoma have been described, poorly differentiated or 

anaplastic carcinoma is usually diagnosed (Alenza et al., 2001).  

Figure 14. Inflammatory mammary carcinoma with axillary lymph center involvement in an old bitch. Wide areas of inflammation 
with erythema, local edema and exudation are recognized in the inguinal and right axillary region. 



FNAC can aid in diagnosing IMC and may help distinguish it from other mammary carcinomas (Pîrvu 

et al., 2024). However, histopathology remains the gold standard, as it uniquely reveals dermal 

involvement by neoplastic emboli. 

Two subtypes of IMC in dogs are recognized, which have been described in humans: secondary IC 

can present as a strong local inflammation after surgical excision of mammary lesions (Taylor & 

Meltzer, 1938; Richards & Lewison, 1961; Nishimura et al., 1998) or as palpable masses with signs 

of inflammation beneath nodules that have been present for at least 4 months (Attia-Sobol et al., 

1993). In women, secondary IMC can develop following the surgical removal of “occult IMC”, 

defined as a mass with histological dermal lymphatic infiltration but no clinical signs of inflammation 

(Saltzstein 1974). Primary and secondary IMC are clinically different. The former is likely to be more 

aggressive, related to a faster growth rate and a poorer general condition (Alenza et al., 2001). In 

2003, Peña and colleagues found a correlation between the overexpression of P53 and the worse 

clinical and pathological aggressive behavior in cases of primary IMC. The immunochemical 

expression of P53 has been associated with poor prognosis both in human (Falette et al., 1998) and 

canine (Wakui et al., 2001) mammary malignancies.  

According to Marconato et al. (2009), the classification of IMC did not impact the outcome. The only 

factors associated with longer survival times were the use of medical therapy and the absence of 

coagulopathies, a condition found more frequently in animals with advanced-stage mammary 

carcinomas (distant metastases) or IMC (Stockhaus et al., 1999). 

IMC is characterized by high COX-2 expression, associated with pronounced angiogenesis and lymph 

angiogenesis (Clemente et al., 2013; de Souza et al., 2018; Queiroga et al., 2005; Raposo et al., 2017), 

as well as vascular endothelial growth factors (Clemente et al., 2013; Millanta et al., 2010). Indeed, 

these are some of the targets of IMC treatment. 

Surgical excision alone is not considered the proper treatment in dogs with IMC (Lana et al., 2007), 

while the role of chemotherapy is controversial and there are few reports about. Traditional dose-



intense chemotherapy could expose animals to unnecessary toxicity agents without ensuring either 

an efficient locoregional disease control or metastasis prevention (Clemente et al., 2009).  

In women, multimodal therapy has considerably improved the OST, and it involves the combination 

of neoadjuvant chemotherapy, surgical excision and postoperative radiotherapy (Rossi et al., 2018). 

To date, treatments proposed for canine IMC include traditional and metronomic chemotherapy, 

COX-2 inhibitors, TKIs and radiotherapy. Chemotherapy and COX-2 inhibitors have proven to be 

effective in increasing survival rates compared to palliative care alone (Clemente et al., 2010; 

Marconato et al., 2009; Souza et al., 2009). However, the higher OST (480 days) and MST (180 days) 

have been achieved in dogs which received hypo fractionated radiation therapy combined with 

metronomic chemotherapy (thalidomide), toceranib and piroxicam (Rossi et al., 2018). Authors chose 

to combine the three molecules due to their anti-angiogenetic and immune-modulatory activity, 

hypothesizing a potential clinical benefit in the treatment of IMC. 

Thalidomide and toceranib are known for their angio-genetic and immuno-modulatory effects and 

take part of metronomic strategies (Kareva et al., 2015; Rossi et al., 2018), while piroxicam is a 

selective COX-2 inhibitor NSAID which activity against tumor growth has been shown.  

In a recent study by Alonso-Miguel and colleagues (2022), the addition of toceranib and oral 

cyclophosphamide to COX-2 inhibitors was shown to enhance tumor growth control and extend 

survival times compared to treatment with COX-2 inhibitors alone. 

In the 2009 study by Marconato and colleagues, the longest survival times were observed in two dogs 

treated with surgery and medical therapy (either piroxicam alone or in combination with carboplatin), 

surviving 97 and 300 days, respectively, after being diagnosed with IMC. Both dogs had limited 

cutaneous involvement and were free from pulmonary metastasis and coagulopathies. Although these 

findings are preliminary and based on a small sample, they suggest that selected dogs with early-stage 

IMC may benefit from multidisciplinary therapeutic protocols which include surgery.  

Table 7 summarizes the main therapeutic indications for the different types of mammary tumors based 

on current knowledge. 



Table 7. Main therapeutic indications for the different types of mammary tumors based on current knowledge. 

 

2.6 Conclusions  

The findings from past and recent studies offer valuable insights into the biological behavior of CMT 

and its response to various treatment modalities. By synthesizing this evidence, we can develop 

comprehensive recommendations that encompass risk assessment, diagnostic imaging, surgical 

techniques and adjuvant therapies.  

As we work to enhance the management of CMT, the implementation of standardized screening 

programs will be essential for achieving early diagnosis and improved outcomes.  

It is crucial to follow the correct sequence in the diagnostic and therapeutic process, as this will help 

prevent the omission of critical information that could influence prognosis and treatment options. 

TUMOR TYPE INDICATIONS FOR TREATMENT 

BENIGN TUMORS SURGERY1 

STAGE I/II LHG CARCINOMA 

STAGE I/II LHG CARCINOMA (PR+) 

SURGERY1,2  

NEOADJ. AGLEPRISTONE + SURGERY3 

STAGE I/II -AGGRESSIVE HISTOTYPE CARCINOMA 

                     -HHG CARCINOMA 

                     -CARCINOMA WITH HLI or HVI  

SURGERY + ADJUVANT THERAPIES 

(CHEMOTHERAPY + COX-2 I) 2,4 

STAGE III CARCINOMA SURGERY + ADJUVANT THERAPIES 

(CHEMOTHERAPY + COX-2 I) 2,4,5 

STAGE IV CARCINOMA SURGERY + ADJUVANT THERAPIES 

(CHEMOTHERAPY + COX-2 I) 2,4 

STAGE V CARCINOMA CHEMOTHERAPY + METRONOMIC 

CHEMOTHERAPY + COX-2 I + TKI 5,6,7 

MAMMARY OSTEOSARCOMA SURGERY + CHEMOTHERAPY 8 

INFLAMMATORY CARCINOMA RADIOTHERAPY + CHEMOTHERAPY + 

COX-2 I + TKI 9,10,11,12 

PR+: progesterone receptors positive; LHG: low histological grade; HHG: high histological grade; HLI: histological 

lymphatic invasion; HVI: histological vascular invasion; NEOADJ: neoadjuvant; COX-2 I: COX-2 inhibitors. 

1: Rasotto et al., 2017; 2: Sorenmo et al., 2020; 3: Guil-Luna et al., 2011; 4: Arenas et al., 2016; 5: Karayannopoulou 

et al., 2001; 5: Lavalle et al., 2012; 6: De Campos et al., 2018; 7: London et al., 2003; 8: Kuntz et al., 1998; 9: Clemente 

et al., 2010; 10: Rossi et al., 2018; 11: Marconato et al., 2009; 12: Souza et al., 2009. 



Additionally, this approach can avoid "overstaging," which may be considered time and money 

consuming for owners.  

To improve knowledge on the safety, efficacy and potential combinations of therapies, it is essential 

to expand clinical trials and ensure they include a statistically valid number of cases for reliable, 

broader application. Implementing standardized, multidisciplinary therapeutic protocols may enhance 

prognosis accuracy. Greater insight into treatment efficacy, safety, costs, administration timelines and 

impacts on recurrence risk, metastasis and survival rates would empower veterinarians and pet owners 

to make more informed decisions. 

As we continue to obtain new results from ongoing and future clinical studies, these recommendations 

are likely to be subject to change. Therefore, it is the veterinarian's responsibility to update and adapt 

new knowledge to existing practices. Emphasizing evidence-based practices will enhance our ability 

to manage CMTs more effectively, paving the way for improved care and outcomes in veterinary 

oncology. 
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A B S T R A C T

Bacteria-mediated treatments gained increasing attention as alternative therapies against tumors. An attenuated 
mutant strain of Salmonella enterica serovar Typhimurium (STMΔznuABC) has recently been considered as a 
potential new anti-cancer strategy. However, it is unclear whether this activity is tumor-induced or species- 
specific, and no data are available regarding STMΔznuABC on canine mammary tumors (CMTs). This study 
aimed to investigate the ability of STMΔznuABC in modulating the response of CMTs, focusing on cancer- 
associated fibroblasts. Four CMT cell lines (CF33, TM51, TM52 TM53) were treated with STMΔznuABC. Then, 
antiproliferative activity (MTT assay), bacterial invasion, and CMT cell lines gene expression analysis (RT-qPCR) 
of genes involved in immune response and cancer aggressiveness were evaluated. STMΔznuABC penetrated in 
TM51, TM52, TM53, and CF33 cell lines, causing a significant reduction of cell viability. Moreover, the 
expression of several genes was significantly modulated in all CMT cell lines: STMΔznuABC infection determined 
a significant up-regulation of CXCL8, IL18, IL10, TLR4 and RAD51, while CD14, IL6, CXCR4, P53, PTEN, STAT5, 
TLR5 and TGFB1 were downregulated in TM53. In CF33, CXCL8 and P53 were upregulated, while MYD88, MD2, 
IL18, TLR4,5, TGFB1 were downregulated. In TM52, CXCL8, CD44 and MD2 were upregulated and PTEN was 
downregulated, while in TM51 CXCL8, CD44 and ErbB2 were downregulated. We demonstrated the anti- 
proliferative and immuno-modulatory activity of STMΔznuABC in CMTs, paving the way for potential new 
anti-cancer treatments.

1. Introduction

Cancer is a major cause of death worldwide. The incidence of cancer 
in pet animals is similar to that observed in humans, especially for the 
following tumors: non-Hodgkin’s lymphoma, breast cancer, head and 

neck carcinoma, melanoma, soft tissue sarcoma and osteosarcoma (Oh 
and Cho, 2023; Schiffman and Breen, 2015). Furthermore, cancers 
diagnosed in pets present similarities to their human counterparts in 
terms of risk factors and biological and pathological characteristics. In 
particular, the dog osteosarcoma and the feline and canine mammary 
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adenocarcinoma present the highest degree of correlation with the 
analogous human cancers (Abdelmegeed and Mohammed, 2018; 
Simpson et al., 2017). Due to these similarities, several studies proposed 
pets as a natural model of disease in comparative oncology (Rowell 
et al., 2011; Tarone et al., 2019). As for therapy, the most frequently 
adopted strategies in human medicine (chemo/radiotherapy and sur-
gery) have limited practicability in pets and generally very high costs for 
veterinary standards. However, the reduction of oncological treatment 
costs is a goal pursued by both human and veterinary medicine, and the 
development of new low-cost and effective therapies is a priority 
worldwide. In this context, it is essential to investigate the role of the 
tumor microenvironment (TME), as several studies showed that therapy 
resistance is not only determined by cancer cells, but also is regulated by 
the TME (Guo et al., 2023). In solid cancers, the TME contains several 
types of stromal cells. Both in human and in canine mammary cancer, a 
major component of the tumor stroma are cancer-associated fibroblasts 
(CAFs), which are known to be involved in the growth, invasion, and 
chemoresistance of cancer cells (Guo et al., 2023; Kudo et al., 2022). 
Indeed, CAFs can promote cancer progression by modulating the pro-
duction of unique cytokines (Michishita, 2020).

A renewed interest in controlling cancer progression involves the use 
of bacteria, whose ability to selectively target cancer cells has been 
known for more than a century (Coley, 1891; Coley, 1893; Cook and 
Hagemann, 2013). More recently, various bacteria (obligate or facul-
tative anaerobic) showed to be able to target cancer cells and to induce 
regression (Chen et al., 2011). Indeed, both the anoxic environment and 
the high concentration of nutrients within the necrotic area of the tumor, 
create a perfect niche for bacterial growth (Broadway and Scharf, 2019). 
Several studies highlighted the great potentialities of Salmonella enterica 
serovar Typhimurium for cancer therapy (Broadway and Scharf, 2019; 
Hoffman, 2012).

In this study we selected an attenuated mutant strain of 
S. typhimurium (STMΔznuABC) characterized by a deletion of the whole 
operon znuABC, coding for the high-affinity zinc transporter 
(Ammendola et al., 2007), which plays an important role for the viru-
lence of different gram-negative pathogens (Cerasi et al., 2013). The 
deletion of this virulence factor made it possible to obtain attenuated 
Salmonella strains for vaccination purposes. An induced infection with 
such attenuated strains proved to be protective against both systemic 
and enteric salmonellosis in mice and swine, causing a short-term but 
still immunogenic infection (Pasquali et al., 2008; Gradassi et al., 2013). 
A more recent study highlighted the great potential of STMΔznuABC for 
the development of new therapeutic strategies for the treatment of both 
primary and metastatic cancers (Chirullo et al., 2015). Indeed, the in 
vivo results obtained up to now show that a subcutaneous administra-
tion of low doses of STMΔznuABC in the area close to the tumor de-
termines the reduction of the tumor mass of about 9 times and an 
increase in life expectancy in immunocompetent tumor-bearing mice 
(Chirullo et al., 2015). Investigations on the host-pathogen interaction 
showed that STMΔznuABC stimulate a powerful pro-inflammatory 
response and the recruitment of many immune cells involved in both 
innate and adaptive responses. Moreover, it was shown that mutant 
strains can counteract the immunosuppressive environment generated 
by the tumor (Chirullo et al., 2015). However, it is not clear whether this 
activity is tumor- or species-specific and what is the mechanism of 
bacteria-host-tumor interaction in animal species other than mice and 
pigs. The aim of the present study was to investigate the potential anti- 
tumor effects of STMΔznuABC on canine mammary cancer through in 
vitro models based on different canine cell lines: a continuous cell line 
(CF33), characterized in terms of gene expression by pivotal molecules 
for the innate immune response and cell cycle regulation (Razzuoli et al., 
2022), and three primary cell lines (TM51, TM52 and TM53) obtained 
from the resection of tumors of three animals with mammary cancer. 
Animals were selected based on the presence of a single mammary mass, 
not yet metastasized, that was chirurgical resected. The ability of these 
four different cell lines to respond to STMΔznuABC was investigated to 

test such bacterial strains’ anticancer properties, including their ability 
to control tumor growth and viability.

2. Materials and methods

2.1. CF33 cell culture

We selected a continuous cell line (CF33) (tumor, IZSLER biobank 
OIE codex BS TCL 1) previously characterized by our group in terms of 
gene expression, pivotal molecules in the innate immune response, and 
cell cycle regulation (Razzuoli et al., 2022). CF33 cells were grown until 
confluence at 37 ◦C with Dulbecco’s Modified Eagle’s medium (DMEM, 
Euroclone, ECM0101L, Milan, Italy) enriched with 10 % (v/v) of fetal 
bovine serum (FBS, Euroclone, ECS5000L), Penicillin/Streptomycin 
solution 1 % (Gibco, 15,140,122, Thermofisher scientific) and L-Gluta-
mine 4 mM (Euroclone, ECB3004D, Milan, Italy). Cells were used at 
37th, 39th and 42nd passages. For the experiments, 12-well culture 
plates (2.5 × 105 cells/mL, 2 ml per well) were incubated at 37 ◦C in 5 % 
CO2 until confluence (18–24 h).

2.2. Characterization and isolation of primary cell cultures

2.2.1. Case selection
This study was approved by the animal studies subcommittee of 

IZSPLV review board (25.05.22). During the tumor resection carried out 
at the Surgery Section of the Department of Veterinary Medicine, Uni-
versity of Perugia, three animals with mammary cancer were selected 
and tumors were sampled as described in the following sections.

2.2.2. Mammary tumor (TM) 51
A 10-year-old female, intact, mixed breed dog was presented to the 

Veterinary Teaching Hospital of the University of Perugia. The owner 
reported a mass on the left inguinal mammary gland (5 × 2 × 5 cm). The 
clinical examination did not show alterations of the clinical parameters 
but confirmed the presence of a single mammary mass on the left 
inguinal mammary gland. Clinical staging included cytological exami-
nation of the mammary lesion, that revealed cells referable to a complex 
mammary tumor, with mild atypia. A three-view thoracic X-ray exam-
ination was performed, and no detectable pulmonary metastases were 
seen; complete blood test showed unremarkable results. Considering the 
TNM system, the tumor was classified as T2N0M0 (Sorenmo, 2003). The 
dog underwent a caudal unilateral mastectomy. After 2 days of hospi-
talization, the dog was discharged with no perioperative complications. 
A 10-days follow-up to assess the surgical wound was programmed; skin 
sutures were removed 10 days after the surgery and wound healing was 
complete. The clinical and radiographical restaging after 90 days 
showed good clinical conditions and no detectable lung metastases.

2.2.3. Mammary tumor (TM) 52
A 9-years-old female, intact, German shepherd was presented to the 

Veterinary Teaching Hospital of the University of Perugia, for the 
presence of a mass on the mammary gland. The clinical examination did 
not show any alterations of the clinical parameters but confirmed the 
presence of a single mammary mass (4 × 2 × 4 cm) on the left abdominal 
mammary gland. Clinical staging included cytological examination of 
the lesion, that revealed cells referable to a complex mammary tumor. A 
three-view thoracic X-ray examination was performed, and no detect-
able pulmonary metastases were seen. Complete blood test showed 
unremarkable results. Considering the TNM system, the tumor was 
classified as T3N0M0 (Sorenmo, 2003). The dog underwent a radical, 
uni-lateral mastectomy, with lymphadenectomy, and concurrent go-
nadectomy. After 2 days of hospitalization, the dog was discharged from 
the hospital with no perioperative complications.

A follow-up to assess the surgical wound was programmed after 10 
days and skin sutures were removed 15 days after the surgery, when 
wound healing was complete. A 30-days clinical follow-up assessed the 
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good clinical conditions of the dog, and after 180 days clinical condi-
tions were good and no detectable lung metastases were present at 
radiologic examination.

2.2.4. Mammary tumor (TM) 53
A 12-years-old female, intact, mixed breed dog was presented to the 

Veterinary Teaching Hospital of the University of Turin, for the presence 
of a mass on the mammary gland. Following the clinical examination, a 
single mammary mass (3.5 × 2 × 4 cm) was detected on the right 
inguinal mammary gland. Cytological examination of the lesions 
revealed cells referable to a mammary tumor.

Pulmonary metastases were not detected through thoracic X-ray; 
complete blood test showed unremarkable results. Considering the TNM 
system, the tumor was classified as T2N0M0 (Sorenmo, 2003). The dog 
underwent unilateral mastectomy with concurrent gonadectomy. At day 
2 of hospitalization, the patient was discharged from the hospital with 
no perioperative complications. Skin sutures were removed 15 days 
after the surgery, when wound healing was complete.

2.2.5. Isolation and characterization of the primary cell lines
The mammary tissue was collected from the three cases described in 

Section 2.2.1 and delivered to the laboratory in DMEM supplemented 
with Penicillin/Streptomycin (P/S) (500 U/mL) at 4 ◦C.

Primary cell cultures were obtained using tissue explant culture and 
adhesion method, which allowed to isolate CAFs as described in Van-
gipuram et al. (2013). Briefly, the biopsy was immersed in sterile saline 
solution supplemented with penicillin/streptomycin (P/S) (10,000 U/ 
mL) for 10 min and minced into small explants measuring 1 cm2 in size. 
After washing three times with saline solution supplemented with P/S 
(10,000 U/mL), the pieces were cut into smaller ones (2 mm2 in size). 
Then, 2–3 biopsy pieces were seeded into each 25 cm2 cell culture flask 
and added with 1 mL of pre-warmed complete culture medium con-
sisting of RPMI-1640 (Euroclone, ECM2001L, Milan, Italy) with 2 mM L- 
glutamine, 20 % FBS, 100 U/mL penicillin, and 0.1 mg/mL strepto-
mycin. Cells were maintained in a humidified atmosphere of 5 % CO2 at 
37 ◦C for 7 days and sub-cultured as described in Vangipuram et al. 
(2013) then, cultured cells near confluence were washed with phosphate 
buffered saline (PBS, home-made) and treated with Trypsin-EDTA 
(Euroclone ECB3052D) at 37 ◦C for 5 min. Trypsinization was stopped 
using RPMI-1640 with 20 % FBS. After this step cells were reseeded to a 
new culture flask for subculture. The same procedure was repeated 
continuously for over 20 passages, and the established primary cell lines 
consisting of CAFs were designated as “TM51”, “TM52” and “TM53” 
cells.

2.2.6. Immunofluorescence
Immunofluorescence was used for the characterization of fibroblasts 

(Supplementary Fig. S1) and for the purity analysis. The cultured fi-
broblasts were fixed with 4 % paraformaldehyde (Cell Signalling, 
12606S) for 15 min, permeabilized with 0.1 % Triton X-100 (Sigma- 
Aldrich, Merk, 93,443) for 20 min, and finally blocked with 3 % Bovine 
Serum Albumin (Sigma-Aldrich, Merk, B6917) for 60 min at room 
temperature. The cells were incubated with primary antibodies against 
vimentin (clone V-9; DAKO, M0725, 1:50 dilution), calponin (clone 
EP798Y, Ventana Roche, 05435684001, ready to use), α-SMA (clone 
1A4, Dako, M0851, 1:50 dilution), cytokeratin (clone AE1/AE3, Dako, 
M3515, 1:50 dilution), and p63 (clone 4A4, Ventana-Roche, 
05867061001, ready to use). They were then incubated with a goat 
anti-mouse IgG Alexa Fluor™ 555 or a goat anti-rabbit IgG Alexa 
Fluor™ 488 secondary antibody (ThermoFisher Scientific, Milan, Italy; 
1:500 dilution) for 30 min.”

The slides were mounted in Prolong Gold Antifade Mountant with 
DAPI (ThermoFisher Scientific, Milan, Italy). Fluorescence images were 
obtained with a Nexcope NE920 fluorescence microscope (TiesseLab, 
Milan, Italy). The results were analyzed using MOSAIC Software (v2.4- 
Tucsen, Fujian, PRC) (Supplementary Fig. S1).

2.2.7. Flow cytometry
Several detachment techniques were tried (i.e. Accutase, Trypsin- 

EDTA, EDTA 5 %) to obtain a single cell suspension. Differently from 
TM51 and TM52 that were detachable after an overnight incubation at 
4 ◦C with Accutase, TM53 cells were too tightly attached to the tissue 
culture plate and only trypsin was able to detach them. So, to obtain 
comparable results we used Trypsin-EDTA detachment for all the 
analyzed cell lines. In detail, each cell line was enzymatically detached 
with Trypsin-EDTA solution w/o phenol red at 37 ◦C for 5 min, counted 
and resuspended in PBS w/o Ca + Mg+ +FCS 2 % at 2 × 106/mL. 
Briefly, we prepared three sample tubes for each cell line (each one 
containing 3 × 105 cells) and relative controls (negative and isotype). 
We added one of the following mAbs: CD44 FITC (clone J.173, IgG1, 
Beckman Coulter, CA, US), CCR3 PE (clone 5E8, IgG1, Becton Dickinson, 
NJ, US) and CCR5 PE (clone T218, IgG1, Biolegend, CA, US) to each 
tube. All tubes were incubated for 30 min at 4 ◦C. Antibody titration was 
performed, following the international guidelines (Cossarizza et al., 
2021), to determine the optimal concentration. After incubation, sam-
ples were washed and then resuspended in 400 μl of PBS + FSC for flow 
cytometric acquisition. For each sample at least 10,000 events were 
acquired on a BD LSR Fortessa X20™ Cell Analyzer (BD Bio-sciences, 
CA, US). FCS files were analyzed using Kaluza Software (v.2.2 - Beck-
man Coulter, CA, US). A doublet discrimination gate strategy was 
adopted in order to analyze only single cells (Cossarizza et al., 2021), 
(Supplementary Fig. S2a).

2.2.8. Basal gene expression
Basal gene expression of 20 genes involved in immune response and 

cancer aggressivity was evaluated using primer sets already described by 
our group (Razzuoli et al., 2022). In particular, we checked the 
expression of the following genes: Transforming growth factor beta 
(TGFB1), Nitric oxide synthase 2 (iNOS), Interleukins (IL6, IL8, IL10, 
IL15, IL18), C-X-C chemokine receptor type 4 (CXCR4), Lymphocyte 
antigen 96 (MD2), Myeloid differentiation primary response 88 
(MyD88), Erb-B2 Receptor Tyrosine Kinase 2 (ErbB2), Phosphatase and 
tensin homolog (PTEN), Signal transducer and activator of transcription 
5 (STAT5), Toll-like receptor 4 and 5 (TLR4 and TLR5), Nuclear factor 
kappa-light-chain-enhancer of activated B cells (NF-kB/p65), tumor 
suppressor p53, Cluster of Differentiation 14 and 44 (CD14 and CD44) 
and DNA repair RAD51. Ribosomal protein S5 was used as reference 
gene (Razzuoli et al., 2022). RNA extraction, reverse transcription and 
RT-qPCR were performed as previously described (Razzuoli et al., 
2022).

To evaluate the expression of the basal level in each sample, the 
relative expression of the selected genes was calculated using the for-
mula 2-ΔΔCq, where ΔΔCq = ΔCq (treated) - ΔCq (control), the ΔCq 
values were obtained with the formula ΔCq = Cq (target gene) - Cq 
(reference gene). A Cq value of 39 was used as threshold in PCR tests 
(samples were considered positive if Cq values <39).

2.3. Response to infective stressors

To evaluate the anti-cancer ability of attenuated S. typhimurium 
(STMΔznuABC) we used an in vitro model developed in our previous 
studies (Chirullo et al., 2015; Razzuoli et al., 2017). Briefly, 
STMΔznuABC was grown to obtain a mid-log phase culture and it was 
resuspended at 105 CFU/mL. Hence CF33, TM51, TM52 and TM53 cells 
were treated with a MOI of 100 CFU/cells for 1 h at 37 ◦C in 5 % CO2. 
Treated cells were used to assess the STMΔznuABC effects through the 
evaluation of 1) immunomodulation, 2) cells vitality and 3) 
invasiveness.

2.3.1. Experiment 1: Evaluation of innate immune response modulation by 
STMΔznuABC

As reported above, cells were treated with STMΔznuABC, incubated 
at 37 ◦C in 5 % CO2 for 1 h and then washed three times with PBS. After 
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this procedure, cells were resuspended in fresh completed medium only 
and incubated at 37 ◦C in 5 % CO2 for 3 h. The experiment was repeated 
three times in triplicate; untreated control cells were incubated in 
complete medium under the same experimental conditions. The gene 
expression analysis was performed as described in Section 2.2.5.

2.3.2. Experiment 2: Evaluation of STMΔznuABC anti-proliferative activity
Proliferation was evaluated by methylthiazolyldiphenyl-tetrazolium 

bromide (MTT) test. Briefly, cell lines (CF33, TM51, TM52 and TM53) 
were seeded on 96-well plates to a density of 1 × 105 cells in 200 μL of 
RPMI-1640 with 10 % FBS. STMΔznuABC was then diluted in RPMI, 
added to the tumor cells at a MOI of 100:1 and incubated at 37 ◦C in 5 % 
CO2. After 1 h, the cell cultures were rinsed and incubated in a medium 
containing gentamycin sulfate (100 μg/mL; Sigma Aldrich) and incu-
bated for 24 h. Cells were then re-suspended in 100 L/well of complete 
RPMI medium, 10 L/well of MTT solution (TACS MTT Cell Proliferation 
Assay, TREVIGEN, MD) was added and incubated for 3 h. 100 L of 
detergent reagent, following the producer’s instruction, were added and 
after 3 h the absorbance at 570 nm was measured. This experiment was 
repeated three times for each cell line, in triplicate.

2.3.3. Experiment 3: Evaluation of STMΔznuABC invasion
Cells at confluence were infected with 1 mL of bacterial suspension 

(see Section 2.3) at 105 CFU/mL and incubated at 37 ◦C in 5 % CO2 for 1 
h in agreement with previously described protocols (Cossarizza et al., 
2021). Briefly, after STMΔznuABC exposure, cells were washed and 
treated with PBS containing 300 μg/mL colistin sulphate (Microbiol & C. 
s.n.c., Cagliari, Italy) to remove all extracellular bacteria. Then, cells 
were lysed, and the resulting cell suspension was serially diluted and 
seeded on Xylose Lysine Deoxycholate (XLD; Sigma Aldrich) agar plates 
and incubated at 37 ◦C for 24–48 h. Cells treated with medium only were 
used as negative control. The number of bacteria colonies was evaluated 
for each cell line. The experiment was performed three times.

2.4. Statistical analyses

For the viability and intracellular colonization tests, the significance 
threshold was set at P < 0.05 (Prism 5, GraphPad Software). As first step 
we checked Gaussian distributions. To this purpose data were submitted 
to a Kolmogorov-Smirnov test. Then, significant differences were eval-
uated by Student’s t-test. Statistical differences in the gene expression 
evaluation of STMΔznuABC infection of TM51, TM52, TM53 and CF33 
cell lines (Supplementary Fig. S3) were evaluated through the Kruskal- 
Wallis test.

3. Results

3.1. Primary cell culture isolation and cell characterization

3.1.1. Histopathologic diagnosis of selected cases
TM51. Histologically, the tumor was well-demarcated, multi-

lobulated and moderately cellular. A partial fibrous capsule was present. 
Neoplastic cells originated from two different populations: luminal 
epithelium and myoepithelium (Fig. 1a). The luminal epithelium was 
arranged in monolayered tubules and papillae (Fig. 1b). Cellular and 
nuclear atypia was mild, and the mitotic count was 1 on 2.37 mm2 

(Meuten et al., 2016). The Myoepithelial cell population was arranged in 
short bundles and whorls and was frequently embedded in myxoid 
matrix. In this second population, mild atypia was present, and no 
mitosis were seen. Therefore, the final histological diagnosis was 
“complex mammary carcinoma (grade I)” (Goldschmidt et al., 2011; 
Peña et al., 2013).

TM52. Histologically, the tumor was multilobulated, well- 
demarcated, focally infiltrative, and densely cellular. A partial and 
thin capsule was present. Neoplastic cells originated from two different 
populations: luminal epithelium and Myoepithelium (Fig. 1c). The 
luminal epithelium showed tubular and focally solid growth (Fig. 1d). 
Anisocytosis and anisokaryosis were moderateand the mitotic count 

Fig. 1. a) Dog, F, 10 yo, mixed breed. Complex mammary carcinoma (grade I). The tumor was highly cellular and composed of both luminal epithelium and 
myoepithelium (H&E; 200× magnification). b) Dog, F, 10 yo, mixed breed. Complex mammary carcinoma (grade I). Luminal epithelium was often arranged in 
multilayer and atypia was prominent. (H&E; 400× magnification). c) Dog, F, 9 years old (yo), German shepherd. Complex mammary adenoma. The tumor showed 
both a luminal epithelial and a myoepithelial component (Hematoxylin and eosin; 200× magnification). d) Dog, F, 9 yo, German shepherd. Complex mammary 
adenoma. Luminal epithelium was monolayered, occasionally arranged in papillae and with mild nucleocytoplasmic atypia (H&E; 400× magnification). e) Dog, F, 12 
yo, mixed breed. Benign mixed tumor with variable cellularity (H&E; 200× magnification). f) Dog, F, 12 yo, mixed breed. Benign mixed tumor. The luminal 
epithelium was arranged in tubules, mostly at the periphery of the tumor. (H&E; 400× magnification). g) Example of areas of chondroid differentiation in TM53 
(H&E; 400× magnification).
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were 6 on 2.37 mm2 (Meuten et al., 2016). The myoepithelial population 
was arranged in small whorls and bundles and was frequently associated 
to a scant myxoid matrix. In this second population, cellular atypia was 
mild, and no mitosis was seen. The final histological diagnosis was 
“complex mammary adenoma” (Goldschmidt et al., 2011; Peña et al., 
2013).

TM53. Histologically, the tumor was well-demarcated, multi-
lobulated and presented a variably dense cellular growth. A partial, 
thick, fibrous capsule was present. Neoplastic cells were from two 
different populations: luminal epithelium and myoepithelium (Fig. 1e). 
The luminal epithelium showed tubular and monolayered growth 
(Fig. 1f). Anisocytosis and anisokaryosis were mild and the mitotic count 
was <1 on 2.37 mm2 (Meuten, 2016). The myoepithelial population was 
haphazardly admixed with abundant myxoid matrix. In this population, 
cellular atypia was mild, and no mitosis was seen. Multifocally, areas of 
chondroid (Fig. 1e, inset) and osseous metaplasia were present. The final 
histological diagnosis was “benign mixed tumor” (Goldschmidt et al., 
2011).

3.1.2. Isolation and characterization of the primary cell lines
We obtained three different cell lines from three different mammary 

cancers: TM51 (complex carcinoma grade I), TM52 (complex mammary 
adenoma), TM53 (benign mixed tumor) (see Section 2.2). TM51 showed 
a fibroblastic-like morphology and was positive for the mesenchymal 
marker vimentin, the myofibroblast marker α-SMA, and calponin, a 
regulatory protein associated with actin filament. TM 51 was negative 
for p63 and the epithelial marker cytokeratin (CK) (Supplementary 
Fig. S1). Additionally, this cell line showed the expression of CD44 
surface marker, CD193 (CCR3) and CD195 (CCR5) (Supplementary 
Fig. S2b). TM52, obtained from a complex mammary adenoma, also 
showed a fibroblastic-like morphology (Supplementary Fig. S1) and was 
positive for calponin, vimentin, and α-SMA, but negative for p63 and CK. 
Moreover, it showed expression of CD44 surface marker and was 
negative for CD193 (CCR3) and CD195 (CCR5) (Supplementary 
Fig. S2b). TM53, obtained from mixed breast cancer (benign), also 
showed a fibroblastic-like morphology and was positive for calponin, 
vimentin, and α-SMA, but negative for p63 and CK (Supplementary 
Fig. S1). Furthermore, it was positive for CD44, and negative for CD193 
(CCR3) and CD195 (CCR5) (Supplementary Fig. S2b).

3.1.3. Basal gene expression
TM51. In TM51 we highlighted the expression of all genes under 

study with the exception of CXCR4 (Supplementary Table S1). CD44, 
ErbB2, MD2, IL6, CXCL8, IL15, iNOS, MYD88, PTEN, NF-kB/p65, P53, 
STAT5, RAD51, TGFB1 and TLR5 expression was observed in all tested 
samples. The other genes, IL10, IL18, CD14 and TLR4, were expressed in 
66.7 %, 83.3 %, 33.3 % and 66.7 % of the samples, respectively.

TM52. All target genes were found to be expressed in TM52 except 
for IL10, IL15 and TLR4 (Supplementary Table S1). CD44, CD14, ErbB2, 

MD2, CXCL8, CXCR4, NF-kB/p65, P53, RAD51, PTEN, STAT5, TLR5 and 
TGFB1 expression was observed in all tested samples, while IL6, IL18, 
MYD88 and iNOS were expressed in 83.3 %, 16.7 %, 83.3 % and 33.3 % 
of the samples, respectively.

TM53. In TM53 all genes were expressed with the exception for IL10, 
IL18 and TLR4 (Supplementary Table S1). CD44, MYD88, CD14, ErbB2, 
MD2, IL6, RAD51, STAT5, CXCL8, CXCR4, PTEN, NF-kB/p65, P53, 
TGFB1 and TLR5 expression was observed in all tested samples. The 
remaining genes, IL15 and iNOS, were expressed in 83.3 % and 33.3 % of 
the samples, respectively.

3.2. Interaction between STMΔznuABC and breast cancer cell lines

3.2.1. CF33
STMΔznuABC penetrated the CF33 cells (Log 2 10.6 ± 2.7) causing a 

significant (P = 0.0022) reduction of cell viability (− 40 %) (Fig. 2a, b). 
Moreover, STMΔznuABC penetration caused an increase of IL6 (P <
0.0001), CXCL8 (P < 0.0001) and P53 (P = 0.0022) gene expression, 
while MYD88 (P = 0.0242), MD2 (P = 0.025), IL18 (P = 0.0041), TLR4, 
TLR5 (P = 0.0002) and TGFB1 (P = 0.0012) expression was decreased 
(Supplementary Fig. S3). The expression of the other genes under study 
was not significantly modulated.

3.2.2. TM51
STMΔznuABC penetrated the TM51 cells (Log2 33.4 ± 10.3) (Fig. 3) 

causing a significant (P = 0.0032) reduction in cell viability (Fig. 4). 
Moreover, STMΔznuABC infection caused down-regulation of CXCL8 (P 
= 0.0104), CD44 (P = 0.0039) and ErB2 (P = 0.0087) gene expression 
(Fig. 5). Other genes under study were not significantly modulated.

3.2.3. TM52
STMΔznuABC penetrated the TM52 cells (Log2 32.2 ± 7.1) (Fig. 3) 

causing a significant (P = 0.0047) reduction in cell viability (Fig. 4). 
Moreover, STMΔznuABC penetration caused increase of CXCL8 (P =
0.0152), CD44 (P = 0.0043) and MD2 (P = 0.022) gene expression, 
while PTEN (P = 0.0260) expression was decreased (Fig. 5). Other genes 
under study were not significantly modulated.

3.2.4. TM53
STMΔznuABC penetrated TM53 cell line (Log2 29.8 ± 08.5) (Fig. 3) 

causing a significant (P = 0.0005) reduction in cell viability (Fig. 4). 
Moreover, STMΔznuABC infection caused up-regulation of CXCL8 (P =
0.0022), IL18 (P = 0.0260), IL10 (P = 0.0022), TLR4 (P = 0.0022) and 
RAD51 (P = 0.0411) gene expression, while CD14 (P = 0.0022), IL6 (P 
= 0.0022), CXCR4 (P = 0.0260), P53 (P = 0.043), PTEN (P = 0.0087), 
STAT5 (P = 0.0087), TLR5 (P = 0.0022) and TGFB1 (P = 0.0087) were 
down-regulated (Fig. 5). Other genes under study were not significantly 
modulated.

Fig. 2. (A) Intracellular colonization of STMΔznuABC on CF33 cells at 24 h compared to CTRL (control, untreated). Data are expressed as number of CFU/mL 
represented in log2 scale. Differences were evaluated through Student’s t-test. (B) Viability of CF33 cells after STMΔznuABC exposure at 24 h. Data are expressed as 
percentage (%) of viable cells. Differences were evaluated through Student’s t-test. Data of both Fig. A and B are expressed as mean of three independent experiments 
+/-SD. Asterisks represent the statistical significance: **p < 0,01.
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4. Discussion

We focused this study on canine mammary tumors (CMTs), which 
are the most common neoplasms occurring in dogs and are malignant in 
about 50 % of the cases (Salas et al., 2015). Recent studies have shown 
an increase in malignant vs. benign tumors over the last years. A similar 
trend was observed in human medicine (Valdivia et al., 2021). To date, 
the gold standard therapy for treatment and control of CMTs is surgery; 
the objective is to remove the tumor and prevent the recurrence in the 
remaining glands (Sorenmo, 2003). To lower this risk, an additional 
treatment (adjuvant therapy) can be considered after surgery. Adjuvant 
therapy may include chemotherapy, radiotherapy, and individualized 
therapy. However, at least in veterinary medicine, routine adjuvant 
therapies have a low success rate, thus there is a great need for new 
advanced therapies. In recent years, many studies, both in human and in 
veterinary cancer research, are trying to find strategies which act to 
modify the TME (Elwakeel and Weigert, 2021; Kudo et al., 2022; 
Schoenfeld and Hellmann, 2020). The development of new therapies 
targeting TME could turn out to be important also for the long-term 
management of breast cancer. CAFs are an essential component of 
TME. Since recent findings outlined the importance CAFs in cancer 
development, progression, and therapy resistance (Amornsupak et al., 
2014; Boesch et al., 2018; Czekay et al., 2022; Glabman et al., 2022; Hu 
et al., 2022; Schoenfeld and Hellmann, 2020; Zhao et al., 2017), in this 
study we tried to isolate CAFs from canine mammary tumors with the 
goal of improving our knowledge on their biology and on the way it 
could be modulated.The positivite expression of vimentin and the 
downregulation of cytokeratin in the three cell lines confirm their 
mesenchymal origin. Additionally, the high expression of α-SMA and 
calponin markers suggests that these cells are myofibroblast-like CAFs 
(myCAFs) (Li et al., 2023; Yang et al., 2023). The high expression of 
CD44 was indicative of their stemness (Kinugasa et al., 2014). 
Neoplastic epithelial cells in canine mammary tumors express CD44, and 
myoepithelial components (Rogez et al., 2019). Cell cultures have been 
isolated using a complex mammary carcinoma, grade 1 (TM51), a 

Fig. 3. Intracellular colonization of STMΔznuABC on TM51, TM52, TM53 cells at 24 h compared to untreated ones. Data are expressed as number of CFU/mL 
represented in log2 scale. Differences were evaluated through Student’s t-test. Data are expressed as mean of three independent experiments +/-SD. Asterisks 
represent the statistical significance: ****p < 0,0001.

Fig. 4. Viability of TM51, TM52, TM53 cells after STMΔznuABC exposure at 24 h. Data are expressed as percentage (%) of viable cells. Differences were evaluated 
through Student’s t-test. Data are ex-pressed as mean of three independent experiments +/-SD. Asterisks represent the statistical significance: **p < 0,01 and *** p 
< 0,001.

Fig. 5. Evaluation of STMΔznuABC infection on TM51, TM52 and TM53 cells 
gene expression (blue). Untreated cells were used as control (red). Significant 
differences are reported with respect to control. Differences were evaluated 
through the Kruskal-Wallis test. The asterisks indicate the statistical signifi-
cance: * p < 0.05, ** p < 0.01 and *** p < 0.001.
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complex mammary adenoma (TM52), and a benign mixed tumor 
(TM53) and we observed a different expression of CCR3 and CCR5. 
CCR3 and CCR5 are observed in breast carcinoma cells, while CCL5 as 
ligand is expressed in various types of stromal cells, including fibroblasts 
in several types of cancer including breast cancer (Yamaguchi et al., 
2021).

The anti-cancer activity of STMΔznuABC, which reduces cancer 
cells’ proliferation, was already tested by the authors on several human 
and murine cell lines (es: 4 T1, SiHa and TC1) (Chirullo et al., 2015), but 
no data were available for canine mammary cancers. Besides the three 
primary canine cell lines (TM51, 52, 53), in this study we also used CF33 
canine tumor cell line, due to its retainment of mammary cancer pa-
rameters in gene expressions and to its ability to interact with 
S. typhimurium, as clearly demonstrated by our group in a previous work 
(Razzuoli et al., 2022). In the present study we investigated the modu-
lation by STMΔznuABC on markers essential for bacterium-cell in-
teractions, as well as the expression of some TLRs. We specifically 
focused the attention on TLR4 and TLR5 that, together with MD2 and 
CD14, are expressed by many cell types and have a pivotal role in bac-
terial recognition. Moreover, their interaction with bacteria can trigger 
an innate immune response (Miyake, 2003) characterized by an in-
flammatory response, including the secretion of cytokines and chemo-
kines. The expression in all samples of NF-kB/p65, one of the major 
members of the NF-kB protein family, along with MYD88, CXCL8 and IL- 
6, implies the ability of this cell line to trigger an inflammatory response. 
Indeed, treatment with STMΔznuABC determined an increase of some 
important proinflammatory cytokines and chemokines (IL8 and IL18), 
demonstrating the activation of an inflammatory response. In line with 
our previous findings (Razzuoli et al., 2022), the expression of these 
molecules shows that the treatment of CF33 with bacteria induced IL8 
expression, which allowed STMΔznuABC to penetrate the cells, 
demonstrating once again the ability of this cell line to interact with 
bacterial activity. Moreover, we also proved, through an in vitro treat-
ment, the ability of STMΔznuABC to significantly penetrate in canine 
CAFs 24 h post-treatment and to induce tumor cell cytotoxicity, as 
demonstrated by a significant reduction of cells viability compared to 
untreated cells. Our results indicated that STMΔznuABC had a direct 
action on CAFs viability, leading to a significant reduction in the number 
of viable cells compared to the untreated controls (Fig. 4).

Our results confirmed, on a model which had never been studied 
before, the potential of STMΔznuABC in contrasting tumor cells prolif-
eration, highlighting once again their ability to influence cell lines of 
various embryologic nature and deriving from different animal species. 
These data suggest that STMΔznuABC could be a promising candidate 
for unconventional anti-cancer treatment also in dogs. Indeed, 
STMΔznuABC was already shown to significantly penetrate and reduce 
the viability of many different tumors both in vivo and in vitro models 
(es: murine mammary adenocarcinoma 4 T1, SiHa and TC1 cells, grade 
II of human squamous carcinoma cell of cervix and mouse lung tumor 
cell line co-transformed with human papillomavirus 16 E6/E7 and c-Ha- 
Ras cells) (Chirullo et al., 2015). Our data highlight a different inter-
action between STMΔznuABC and the three different cancer cell lines in 
terms of gene expression. This phenomenon should be studied in depth 
since the increase of CXCL8, and IL18 in TM53 could indicate a 
recruitment of monocytes, macrophages, NK cells and dendritic cells to 
promote recruitment of effector CD8+ T cells to the TME, suggesting the 
benefit and value of knowing the type of tumor before choosing a 
therapy.

5. Conclusions

This study demonstrated the anti-proliferative and immunomodu-
latory activity of STMΔznuABC in canine CMTs, expanding the knowl-
edge on tumor-host interactions. We outline the ability of this 
microorganism to cause a reduction in CAFs replication. This is an 
important finding considering CAFs involvement in mammary cancer 

progression and therapy response. This suggests that the STMΔznuABC 
may represent a promising tool for innovative anti-cancer therapies that 
could be further optimized and developed. Moreover, alternative in 
vitro models to animal testing are needed to overcome the drawbacks 
associated with animal experiments and avoid un-ethical procedures, in 
line with the 3Rs strategy. Indeed, besides the major concern of ethics, 
there are other disadvantages of animal experimentation, such as 
requirement of skilled manpower, time consuming protocols and high 
cost.
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4. Discussion 

Despite the high incidence of mammary gland tumors MGTs in dogs, to date the outcomes for dogs 

with mammary carcinoma remain unsatisfactory. 

Analysis of both recent and past studies reveals a lack of standardized protocols in canine mammary 

cancer management, along with a delay in scientific research on targeted therapies that have been 

extensively studied and tested in human oncology (Frénel & Nguyen, 2023). 

Given the current uncertainty regarding the best therapeutic options, it becomes crucial to emphasize 

prevention and proper management, particularly during the initial diagnostic and therapeutic stages. 

By focusing on early intervention, some of the challenges posed by the absence of established 

therapeutic guidelines could be mitigated and the overall approach to treating mammary carcinoma 

in dogs could be improved. 

From the outset, veterinarians should be prepared to manage those primary risk factors that contribute 

most to the development of MGTs. 

Although the exposition to ovarian hormonal environment plays a key role in the process (Vazquez 

et al., 2023), given the current knowledge, it is recommended not to spay dogs prophylactically but 

rather to implement a proper cancer screening program (Hart et al., 2020; Pena et al., 2013; Rodríguez 

et al., 2022; Sorenmo et al., 2000). This screening should be tailored to the individual dog's 

characteristics, beginning at 4 to 7 years of age according to breed, size and spay status (Rafalko et 

al., 2023). Owners must be aware that early intervention leads to better outcomes. To this end, it 

would be beneficial to educate dog owners on how to regularly palpate their dog's mammary tissue, 

enabling them to identify any suspicious lesions and promptly contact their veterinarian. 

Once a mammary nodule has been detected, no steps in the diagnostic process should be overlooked 

because each of them is essential for obtaining information that guides therapeutic decisions. Staging 

is mandatory before initiating therapy when managing a cancer-bearing patient, not only because it 

is ethically correct for the patient, but also because the stage will significantly influence the prognosis 

and the types of treatments available (Sorenmo et al., 2020). Owners must always be informed and 



guided throughout this process; as veterinarians, it is our duty to provide them with all our knowledge, 

explain the potentials and limitations of the therapies, so to empower them to make informed 

decisions. 

Regarding screening imaging diagnostics, radiology is unable to detect nodules smaller than 4 mm. 

However, although CT scans have a higher sensitivity for detecting distant metastases as small as 1 

mm (Barbagianni & Gouletsou, 2023), subjecting dogs to CT always as the initial screening test 

should be considered as “overstaging”. Furthermore, CT is still not available in all veterinary facilities 

and results in higher costs for pet owners (Sorenmo et al., 2020).  

A good practice would be to recommend a CT scan if multiple negative clinical prognostic factors 

are recognized or metastases are detected during the histopathological examination of excised SLNs, 

as this raises suspicion of distant metastases. 

The introduction of the SLN concept marks a significant progress in veterinary medicine, as it helps 

avoid the unnecessary removal of non-draining lymph nodes (LNs).  

Considering that the positivity of a LN on mapping significantly alters the surgical treatment, recently 

studies have been conducted to evaluate the prognostic value of this technique through CT and 

ultrasonographic assessments of sentinel LNs (Soultani et al. 2017; Stan et al. 2020).  

According to Soultani and colleagues (2017), the size and shape of sentinel LNs as observed in CT 

indirect lymphography, did not show accuracy in the prediction of metastasis; on the contrary, a low 

degree of iodinated contrast enhancement, was significantly associated with the presence of 

metastasis, as demonstrated through the histopathological examination. 

Regarding ultrasonographic assessment, in 2020 Stan and colleagues created an ultrasound 

examination algorithm based on B-mode, Doppler technique, contrast-enhanced ultrasound and 

elastography sentinel LNs assessment, achieving a 92,2% accuracy of the method in detecting 

metastasis, which presence was confirmed through histopathological examination. According to the 

authors, a single ultrasound method would not have been sufficient to diagnose the presence of 

metastases (Stan et al., 2020). 



Regarding the extent of MGTs resection, there is a clear difference in the approach between humans 

and dogs. In humans, there is a trend toward breast-conserving surgery (BCS) whenever possible, 

emphasizing on preserving quality of life and cosmetic outcomes. In Western Europe, 60-80% of 

newly diagnosed breast cancers are likely to be treated with BCS, along with adjuvant therapies such 

as radiotherapy and endocrine therapy, particularly for early-stage cancers (tumor £2 cm, negative 

nodes and less aggressive histotype). In case of tumor >2 cm, positive node or aggressive histotype, 

more intensive protocols are recommended, including neoadjuvant systemic therapy, mastectomy 

with breast reconstruction, postoperative chemotherapy and targeted therapy (Frénel & Nguyen, 

2023). In dogs, surgical resection is less focused on cosmetic considerations and tends to be more 

aggressive, especially in case of multiple nodules.  

Certainly, one of the reasons behind the extensive surgical resection in dogs is because they have five 

pairs of mammary glands, which are interconnected under normal conditions by numerous vascular 

and lymphatic structures (Ferreira et al., 2023). However, in cancer-bearing bitches, lymphatic 

connections between glands may further increase and change, making the spread of metastatic cells 

unpredictable.  

On the other hand, no treatment plans are specifically tailored to systematically defined cancer stages 

based on tumor size, node involvement and medical imaging for distant metastases (Barbagianni & 

Gouletsou, 2023; Chocteau et al., 2019), although an evaluation system has recently been proposed 

to create bio-scores, aimed at identifying high-risk canine patients (Sorenmo et al., 2019).  

For these reasons, the tendency to opt for more radical surgeries in dogs is justified, as it helps 

minimize the risk of local recurrence or the development of new tumors in adjacent, non-excised 

mammary glands (Stratmann et al., 2008). 

Nevertheless, performing unnecessary radical prophylactic surgeries is discouraged because they are 

associated with more pain, stress and postoperative complications (Evans et al., 2021; Horta et al., 

2015).  



Therefore, the appropriate approach would be to plan the extent of surgical resection based on the 

number and size of the nodules, their location and the LNs identified through preoperative mapping 

and imaging techniques, starting with the most conservative surgery possible. The patient should then 

undergo frequent postoperative checks every 2-3 months for at least 24 months to identify local 

recurrences, new tumors or the emergence of metastases (Matos et al., 2012). In case of recurrence 

or new tumors development, a re-staging and eventually a new resection should be performed.  

The limitation in veterinary practice is that the owner may not understand or accept a new surgery, 

either for emotional attachment and anxiety or economic reasons. Thus, it is essential to always 

discuss the potential scenarios with the owner before making any decisions regarding the management 

of cancer-bearing dogs. If the veterinarian forces the client to make decisions, he is likely to be held 

accountable if the outcome is unsatisfactory, even if the treatment was the best option. On the other 

hand, leaving the decision entirely to the client can cause confusion and lead to suboptimal outcomes. 

The veterinarian should not only provide information about diagnoses and treatment options but also 

gather the client’s preferences and concerns, including financial considerations. Together, they can 

discuss the pros and cons and reach a joint decision, fostering shared responsibility for the treatment 

outcome (Knesl et al., 2016). 

Unfortunately, there are several limitations in veterinary medicine. Veterinarians frequently find 

themselves reaching a compromise with owners during treatment, whether due to high costs, lengthy 

treatment durations or the lack of availability of certain methods in specific regions. As a result, the 

treatments provided do not always reflect what would be ideal for the animal or its condition. For this 

reason, one of the primary goals of veterinary oncology is the pursuit of new therapies that are more 

accessible, affordable and easier to administer. 

New treatments have been developed for women with breast cancer, focusing on targeted and 

personalized molecular therapies. The reason is because standard treatments are not effective for all 

patients and are related to several side effects, especially when considering chemotherapy, which 

attacks both cancerous and healthy cells (Nosalova et al., 2024; Vazquez et al., 2023). 



Targeted therapies aim to focus specifically on cancer cells, reducing damage to healthy tissue and 

minimizing side effects, and are designed based on the specific molecular characteristics of the tumor, 

increasing the chances of treatment success. Additionally, since all tumors exhibit different genetic 

and molecular profiles, personalized therapies ensure treatment plans are tailored to the specific 

biology of the patient's cancer (Nosalova et al., 2024). 

In veterinary oncology, an example of targeted therapy is tyrosine kinase inhibitors (TKIs), which 

specifically aim to block certain cellular signaling pathways involved in tumor proliferation and 

growth.  

One of the most used drugs is toceranib (marketed as Palladia®), primarily prescribed for the 

treatment of tumors in dogs, particularly mast cell tumors, for which it is specifically approved 

(Valdivia et al., 2021). 

Although current research is primarily focused on in vitro studies or murine tumor models, 

immunotherapy holds promise as a treatment for dogs with mammary carcinoma. During tumor 

development, tumor cells become capable to evade host’s immune system through several 

mechanisms. Immunotherapy uses the body’s immune system to fight cancer by boosting or 

modulating the immune system's natural ability to recognize and destroy cancer cells (Valdivia et al., 

2021). 

Among the various types of immunotherapy are: immune checkpoint inhibitors, which block proteins 

that suppress immune responses; chimeric antigen receptor (CAR) T-cell therapy, where T-cells are 

engineered to better recognize and attack cancer cells; cancer vaccines, designed to stimulate the 

immune system to target specific cancer antigens; monoclonal antibodies, laboratory-made proteins 

that bind to cancer cells, flagging them for immune attack; oncolytic virus therapy, which uses 

genetically modified viruses to infect and destroy cancer cells while activating an anti-tumor immune 

response (Nosalova et al., 2024; Valdivia et al., 2021). 



While immunotherapy for canine cancers is still developing, it holds significant potential, particularly 

for difficult-to-treat cancers like melanoma, lymphoma, osteosarcoma and mast cell tumors (Pellin et 

al., 2022; Valdivia et al., 2021). 

Currently there are no commercially available vaccines specifically designed to prevent or treat 

canine mammary cancer (CMC). However, research is ongoing to explore the development of 

therapeutic cancer vaccines that could target specific tumor antigens and stimulate an immune 

response against mammary cancer cells in dogs (Valdivia et al., 2021). 

Among vaccine technologies, two prominent approaches include cellular immunotherapy and DNA 

vaccines. 

Cellular immunotherapy involves using live or modified immune cells, such as dendritic cells or T-

cells, which are designed to target and destroy cancer cells. These cells are often collected from the 

patient, modified to recognize tumor antigens, and reintroduced into the body to trigger a targeted 

immune response (Valdivia et al., 2021). In the 2019 study by Bird and colleagues, a clinical trial 

was conducted using autologous hybrid-cell vaccines to treat CMC, with the aim of using CMC as 

an intermediate model for HBC. The vaccine therapy was combined with immunostimulatory 

oligonucleotides and gemcitabine. This combination therapy led to a 3.3-fold increase in median 

survival times compared to the control group. However, for inflammatory mammary carcinoma 

(IMC), the treatment was less effective, resulting in a median survival of only 42 days (Bird et al., 

2019). 

DNA vaccines work by delivering small pieces of DNA that encode specific tumor antigens to the 

target cells. These cells then produce the antigen, prompting the immune system to recognize and 

attack cancer cells displaying those antigens. The delivery of DNA for vaccines can be either 

biological-using vectors like viruses or bacteria to carry the DNA into cells—or non-biological, which 

includes both physical methods (such as electroporation, where electrical pulses open the cell 

membrane to allow DNA entry) and chemical methods (such as nanoparticles or liposomes, which 

encapsulate the DNA and deliver it to cells more efficiently) (Valdivia et al., 2021). 



In a clinical trial involving nine dogs, including one with a mammary tumor, IL-12 (delivered via 

plasmid DNA using electroporation) was administered intratumorally as an immunostimulatory 

cytokine. The treatment resulted in temporary increases in serum and tumor IL-12 and IFN-gamma 

levels, indicating an immune response. However, despite this immune activation, the study did not 

show any clinically significant outcomes or substantial benefits for the treated dogs (Cicchelero et 

al., 2017). 

An anticancer DNA vaccine targeting p62 was tested in both mice xenografted with CMC and dogs 

with mammary tumors. When administered intramuscularly, the p62 DNA vaccine resulted in either 

a partial response or stable disease in the treated subjects, all without significant secondary effects 

(Gabai et al., 2014). 

In a clinical trial for dogs with MGT, researchers utilized nanoparticles carrying DNA plasmids for 

canine interferon-β and the HSV thymidine kinase (a suicide gene). These nanoparticles were injected 

into the tumor bed during mastectomy. Subsequently, dogs received subcutaneous injections of these 

nanoparticles combined with human granulocyte–macrophage colony-stimulating factor and 

interleukin-2, along with mammary carcinoma extracts. The treatment was well-tolerated, resulting 

in only one recurrence among 26 dogs, with no distant metastases observed, and overall survival rates 

improved (Finocchiaro et al., 2018). 

Another clinical trial investigated the use of weekly neoadjuvant intratumorally injections of empty 

cowpea mosaic virus (eCPMV) as an immunotherapy for companion dogs diagnosed with IMC. 

Preliminary results showed that the treatment was well-tolerated, with minimal side effects reported. 

Additionally, the eCPMV immunotherapy demonstrated promise in inducing a local immune 

response, showcasing anti-tumor efficacy and contributing to improved survival rates in dogs with 

IMC (Alonso-Miguel et al., 2022). 

In summary, while a specific vaccine for CMC is not currently available, ongoing research in cancer 

immunotherapy holds promise for future advancements in this field. As scientists continue to explore 



innovative therapeutic strategies, there is potential for developing effective vaccines tailored to this 

condition. 

Using bacteria as an immunotherapy tool for treating cancer in dogs is an innovative approach that 

leverages the immune-stimulating properties of certain bacteria to boost the body's natural defense 

mechanisms against tumors. This method involves the use of live or modified bacteria, bacterial 

components or bacterial toxins to provoke a targeted immune response, helping to eliminate cancer 

cells (Chirullo et al., 2015; Chirullo et al., 2024; Razzuoli et al., 2022; Zhou et al., 2018). 

Bacterial immunotherapy works by activating the immune system to fight cancer. Certain bacteria or 

their products can stimulate immune cells like macrophages, dendritic cells and T-cells to recognize 

and attack cancer cells. Some bacteria can also thrive in oxygen-poor tumor regions, an environment 

where many conventional treatments are less effective, where they directly kill tumor cells or release 

toxins, while triggering a strong immune response. This targeted immune activation focuses 

specifically on cancer cells, sparing healthy tissues and reducing side effects compared to traditional 

treatments like chemotherapy (Zhou et al., 2018). 

Salmonella typhimurium is a facultative anaerobe, meaning it can survive in both oxygen-rich and 

oxygen-poor environments. This allows it to infect a wide variety of cancer types. It can colonize 

aerobic environments, such as highly vascularized tumors, and thrive in the hypoxic areas of solid 

tumors (Broadway & Sharf, 2019), including mammary tumors in dogs (Chirullo et al., 2015), where 

oxygen levels are too low for conventional chemotherapy to be effective (Broadway & Sharf, 2019). 

This adaptability makes S. typhimurium particularly useful in targeting different tumor environments.  

S. Typhimurium selectively targets tumors rather than normal host tissue through several intrinsic 

mechanisms: bacteria are capable to accumulate at the tumor site, which helps activate the immune 

system to respond more aggressively to cancer cells; there, they can prevent the growth of cancer 

cells by competing for nutrients, thereby depriving the tumor of essential resources needed for its 

survival and proliferation. Furthermore, Salmonella is capable of infiltrating necrotic areas of tumors 



that are typically inaccessible to conventional drugs. This allows the bacteria to target and disrupt 

regions where traditional therapies may be ineffective (Broadway & Sharf, 2019). 

A murine in vitro and in vivo study (Chirullo et al., 2015) showed that attenuated mutant strain of S. 

Typhimurium (STMΔznuABC) is capable to penetrate and replicate into tumor cells, reducing their 

viability. The strains were devoid of the entire operon that encodes the high-affinity zinc transporter 

ZnuABC (Ammendola et al., 2007). This transporter is essential for bacterial growth in zinc-deficient 

environments and for providing full virulence to various Gram-negative pathogens (Cerasi et al., 

2013). 

In the 2015 study conducted by Chirullo and colleagues, the subcutaneous therapeutic administration 

of live STMΔznuABC resulted in the reduction of the tumor mass of about 9 times and an increase 

in life expectancy in immunocompetent tumor-bearing mice (Chirullo et al., 2015). 

It has been observed that the CMT cell line CF33 can interact with Salmonella Typhimurium as an 

infectious stressor (Razzuoli et al., 2022). In the 2022 study of Razzuoli and colleagues, this 

interaction triggered an inflammatory response in the continuous cell line CF33, evidenced by the up-

regulation of IL-6 and IL-8, both of which are pro-inflammatory cytokines. Furthermore, it was 

demonstrated that Salmonella Typhimurium can penetrate CF33 cells, leading to a reduction in cell 

viability. 

These findings suggest a dual mechanism where Salmonella can induce inflammation while 

simultaneously impacting the cancer cell's survival, highlighting its potential role in immunotherapy 

strategies for treating CMC. 

Since it remains unclear whether STMΔznuABC activity is specific to certain tumors or species, as 

well as the mechanisms behind bacteria-host-tumor interactions in dogs, our study aimed to evaluate 

the potential anti-tumor effects of STMΔznuABC on CMC through in vitro models based on different 

canine cell lines: the continuous cell line CF33, characterized in terms of gene expression by pivotal 

molecules for the innate immune response and cell cycle regulation (Razzuoli et al., 2022), and three 

primary cell lines consisting of CAFs, designated as TM51, TM52 and TM53 cells and obtained from 



the resection of tumors of three animals with mammary cancer. Specifically, the investigation focused 

on the ability of STMΔznuABC to control tumor growth and viability; furthermore, cancer-associated 

fibroblasts (CAFs) were isolated with the aim of improving knowledge of their biology to understand 

how they could be modulated. 

Indeed, CAFs are a key component of the tumor microenvironment (TME) and a major component 

of the tumor stroma both in HBC and CMC (Guo et al., 2023; Kudo et a., 2022); furthermore, they 

play a significant role in cancer progression by modulating the production of unique cytokines 

(Michishita, 2020). 

The TME refers to the complex and dynamic ecosystem that surrounds and interacts with a tumor 

within the body. It includes a variety of non-cancerous cells, molecules and structures that are 

essential for the tumor’s growth, survival and progression. The assessment of TME is one of the 

fundamental aspects of precision medicine because it is known to play a critical role in shaping how 

the tumor evolves, responds to treatment and metastasizes (Cheng et al., 2020). 

CAFs are a type of stromal cell that, while not cancerous themselves, contribute to the growth, 

survival, invasion and metastasis of cancer cells. Unlike normal fibroblasts, which typically help 

maintain the structure and integrity of tissues, CAFs are reprogrammed by cancer cells to support the 

tumor’s development, playing a role also in chemoresistance (Guo et al., 2023; Kudo et a., 2022). 

Based on our results, STMΔznuABC effectively penetrated and colonized all the four cell lines 

analyzed. Notably, after 24 hours of exposure to STMΔznuABC, cell viability was significantly 

reduced compared to the untreated control group.  

By evaluating gene expression, the study demonstrated the ability of these cell lines to initiate an 

inflammatory response. Following infection with STMΔznuABC, a marked increase in key pro-

inflammatory cytokines and chemokines, specifically IL-8 and IL-18, confirmed the activation of this 

response. Additionally, we demonstrated the ability of STMΔznuABC to significantly penetrate 

canine CAFs 24 hours post-treatment. This resulted in notable tumor cell cytotoxicity, as evidenced 

by a significant reduction in cell viability compared to untreated controls. Understanding the 



interaction between STMΔznuABC and CAFs is crucial, because the disruption of the tumor-

supportive stroma, weak the cancer cells' survival mechanisms. 

These combined effects suggest that STMΔznuABC holds potential as a therapeutic agent for canine 

cancers, offering both direct bacterial cytotoxicity and the ability to harness the immune system 

against the tumor. These findings suggest that STMΔznuABC may represent a promising tool for 

innovative anti-cancer therapies, with further optimization needed to fully realize its clinical potential.  

It is obvious that in vitro models cannot fully mimic the complexity of living systems (Pinho et al., 

2012). In vitro models are powerful tools for isolating and analyzing specific biological processes in 

controlled conditions, but they often lack the complexity, systemic interactions and predictive power 

provided by in vivo models. The need to replicate the intricate cellular interactions and biology of 

heterogeneous tumors has driven the development of 3D culture systems for in vitro cell growth. 

These systems often incorporate tumor-associated scaffolds and matrices that simulate the TME more 

closely than traditional 2D cultures. By using these scaffolds, researchers attempt to mimic the spatial 

and cellular complexity found in actual tumors, making these models more relevant for certain 

biological studies. However, while these 3D in vitro models provide valuable insights, they are still 

insufficient for addressing critical aspects such as drug distribution within tumors, pharmacokinetics, 

pharmacodynamics and toxicity. These parameters are complex and require in vivo systems, as the 

dynamics of drug absorption, metabolism, and elimination are closely tied to the physiological 

conditions present in a whole organism. Thus, despite advancements in 3D culture technology, 

preclinical testing often still relies heavily on animal models to provide a complete understanding of 

how a drug will behave in a living system (Gordon & Khanna, 2010). The two approaches are 

complementary: in vitro models are useful for early, hypothesis-generating research, while in vivo 

models are essential for testing these hypotheses in the context of the whole organism (Gordon & 

Khanna, 2010; Nguyen et al., 2018; Pinho et al., 2012).  

However, the ethical issues surrounding the use of laboratory animals have sparked debates for many 

years. The primary concern revolves around the moral justification for subjecting animals to 



potentially harmful procedures, often for the benefit of advancing human medicine. While laboratory 

animals are crucial in providing insights into complex biological processes, their use raises significant 

ethical dilemmas, particularly regarding animal suffering and welfare. One potential solution to this 

issue is the reduction in the number of animals used in research by enhancing in vitro studies. These 

methods are more cost-effective and time-efficient and avoid harming living beings (Gordon & 

Khanna, 2010). However, they cannot fully replicate the complexity of living organisms, so animal 

testing remains necessary in many cases. The challenge remains in finding a balance, using in vitro 

methods to their fullest potential while still acknowledging the limitations they present when 

compared to the intricacies of in vivo systems. The 3Rs principle—Replacement, Reduction and 

Refinement—guides researchers in balancing ethics and scientific progress, by reducing animal use 

and improving conditions in labs (Louis-Maerten et al., 2024). 

Since there is a growing necessity to better understand the efficacy and safety of therapies for dogs, 

enhancement of preclinical studies is required. Such improvements will significantly aid in the 

development of clinical trials tailored to canine patients. By focusing on rigorous preclinical research, 

researchers can gather critical data that informs treatment protocols and improves outcomes for canine 

patients. This approach not only benefits veterinary medicine but also has implications for 

translational research in human oncology. In fact, preclinical models (both in vitro and in vivo) are 

essential for the development of anti-cancer drugs and their subsequent use in human clinical trials 

(Gordon & Khanna, 2010). The prevention of HBC and the development of innovative and effective 

therapies are the primary goals of researchers; however, the limited availability of tumor tissue 

samples, along with ethical challenges, pose significant constraints (Abdelmegeed & Mohammed, 

2018).  

Rodent models are the most widely used animal model in mammary gland cancer research (Ferreira 

et al., 2023), but they require chemical induction or genetic manipulation to develop tumors (Kwon 

et al., 2023; Frénel & Nguyen, 2023). In fact, they exhibit significant biological and physiological 



differences from humans, which may limit their ability to fully replicate human conditions (Gordon 

& Khanna, 2010). 

In this context, spontaneous CMC is regarded as a valuable model of HBC due to cancer’s clinical 

and biological similarities between both species (Pinho et al., 2012). They share similar high 

prevalence, molecular subtypes, mutation profiles, histological traits and biomarkers (Kwon et al., 

2023). Compared to HBC, CMC provides enhanced access to tissue samples, thereby strengthening 

resources for conducting in vitro studies (Gordon & Khanna, 2010). Furthermore, the fast progression 

of spontaneous invasive mammary carcinomas in dogs enables preclinical investigations to be 

concluded quickly compared to humans (Nguyen et al., 2018). All these features make pet dogs a 

valuable model for developing translational HBC therapies, and this should encourage the 

enhancement of research into canine mammary cancer. 

5. Conclusions 

Currently, there are no established guidelines for managing mammary tumors in dogs. Nonetheless, 

the incidence and mortality rates remain high. In the absence of standard procedures, the veterinarian's 

management should be guided by evidence-based knowledge.   

Looking ahead, it is important to strengthen prevention efforts and optimize traditional adjuvant 

therapies such as chemotherapy, radiation therapy, and hormonal therapy. 

A multimodal therapeutic approach, along with the implementation of neoadjuvant treatments, could 

allow for lower doses of individual therapies and the use of more conservative surgeries, thereby 

enhancing treatment effectiveness and improving patient outcome. Furthermore, this may lead to 

reduction of side effects and a better overall quality of life for patients and their owners.  

Conversely, developing innovative therapies that are more cost-effective, easier to administer and 

well tolerated by cancer bearing dogs is essential.  

Exploring new therapeutic approaches is crucial for future studies in both human and veterinary 

oncology. Progress in targeted and personalized therapies brings hope for improving outcomes in 

cancer patients. Interest in personalized medicine continues to rise and it is expected to play a vital 



role in research for both human cancer treatment and veterinary oncology. Additionally, 

immunotherapy could serve as a novel and promising treatment option for CMTs. In this context, it 

would be beneficial to expand research on the use of bacteria in cancer therapies, as preclinical studies 

have shown promising results. Since spontaneous CMC is considered a valuable model for HBC due 

to the clinical and biological similarities between the two species, advancing research in the veterinary 

field would yield significant benefits for human oncology as well. 
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