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The study of oncopathology of the mammary gland of cats and dogs is a very relevant problem. This is
evidenced by the presence of numerous scientific works and experimental research data of scientists from
many countries. For a long time, there were no systematic approaches to the nomenclature and
classification of canine and feline mammary gland tumors. That is why different countries of the world had
their own national approaches to defining these pathologies. Long-term incomplete analysis of clinical
cases, gaps in histopathology and interpretation of the obtained results were reflected in contradictory
results, inaccuracies in terminology, definition of diagnosis and interpretations. This also inhibited clinical
and experimental research, development and testing of effective drugs. Accumulation of clinical data,
consolidated work of morphologists became the basis of lively discussions, which in turn was reflected in
decisions to create unified classifications. Histological classification became the basis for the division of
tumors of the mammary gland of cats and dogs. When conducting a scientific review, modern data from
information resources and information from numerous international symposia and conferences were used.
The authors also highlighted the key mechanisms of immune regulation of the oncogenic process. The role
of immune cells, mediators of immune protection, in the development of oncopathology of the mammary
gland is emphasized. Certain immunological tumor markers have been characterized, which are of great
importance in the early stages of diagnosis. Special instrumental methods used by veterinary medicine
doctors in routine diagnostics are also described. Prospects for the use of cell therapy with the use of
modern immunological technologies were also made. The publication has a review and analytical nature
and aims to attract the attention of scientists, diagnosticians and clinicians of various profiles to this issue,
which will certainly become a continuation in the study of oncopathology. The unified classification will
definitely be useful to scientists and practicing doctors, will enrich their knowledge about the mechanisms of
tumor growth. We believe that a unified classification will allow researchers to use informative methods of
diagnosis — both as a powerful tool in making an accurate diagnosis, and for effective approaches to
differentiation and treatment strategies for patients.

Key words: mammary gland, dogs, cats, tumors, immune system.

Introduction

The majority of researchers are inclined to the
polyetiological theory of the occurrence of mammary gland
neoplasias in dogs and cats (Santos et al., 2015; Lidbury
et al., 2017; Soremno et al., 2020; Zappulli et al., 2021).
Among other species, zorema, mice have been confirmed
to be of viral origin (oncornavirus). The formation and
functioning of the mammary gland occurs under the
influence of various hormones. To date, the influence of

sex and other hormones and the induction of target cells
through the receptor system are being studied (Allison et
al., 2020; Torrigiani et al., 2022). Gene polymorphisms
and regulation (SNP) in exon 9 of BRCAIl and 24 of
BRCA2 were studied in dogs during the development of
neoplasia in the mammary gland. Endocrine changes,
obesity and associated diseases are factors in the
development of mammary gland pathology (Webster et al.,
2020; Zhelavskyi et al., 2020; Zhelavskyi, 2021).
Exogenous use of hormones (megestrol acetate and
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medroxyprogesterone acetate) increases the risk of
neoplasia in the mammary gland of cats and dogs (Rasotto
etal., 2017; Valdivia et al., 2021).

The aim of the review was to carry out a scientific
review of modern information resources, information
from international symposia and conferences on the
nomenclature and classification of breast tumors, as well
as strategies for the treatment of oncopathology in cats
and dogs.

Literature review

Immune defense mechanisms play an important role
in the development of reproductive pathology (Zhelavskyi
et al., 2020; Nascimento et al., 2022). It has been proven
that from the beginning of neoplasia the migration of
immune cells to the zone of the pathological process takes
place (Zelavskyi, 2004; Sfacteria et al., 2021).

Previous studies have shown that the presence of
tumor-infiltrating lymphocytes has an independent
positive prognostic value in patients with breast cancer
(Zhelavskyi, 2009; Tramm et al., 2018). Indeed, recent
studies demonstrated that lymphocytes infiltrating the
tumor were more frequently observed in the
microenvironment of triple-negative breast cancer, with
those located in the stromal compartment predicting
longer survival (Nawaz et al., 2018; Thike et al., 2019).

Today, it is possible to determine the expression of
various markers (CD3, CD4, CDS8, CD20, CD56, FoxP3,
CD68 and CD163) in total, stromal and intratumoral,
tumor-infiltrating lymphocytes and  tumor-like
lymphocytes and associated macrophages (Zhelavskyi,
2021; Zhelavskyi et al., 2022; Nascimento et al., 2022).

The adaptive immune response includes B-
lymphocytes (CD20") and T-cells (CD3"), including
CD4" T-helper 1 and cytotoxic T-lymphocytes (CD8"),
which oppose the development and progression of the
tumor. It has been shown that CD8* lymphocytes
infiltrating the tumor play an important role as an
antitumor component and are associated with better
survival. Conversely, CD4" T-helper 2 and FoxP3*
regulatory T-cells can promote immune escape of the
tumor. In addition, NK cells (CD56") are part of the
innate immune system and are able to kill cancer cells
without prior sensitization (Tramm et al., 2018;
Nascimento et al., 2022).

Tumors of the mammary gland are common in cats
and are a common oncological pathology. According to
researchers, more than 85 % of registered cases of
neoplastic mammary changes are malignant. Breast
tumors are often represented by carcinomas consisting of
one type of neoplastic epithelial cells. There are also
reports of cases of benign lesions of the mammary gland,
which are described as hyperplastic (or dysplastic) lesions
(Misdorp et al., 1999; Zhelavskyi, 2019; Tan et al., 2020).

There are numerous data on the classification of
neoplastic changes in the mammary gland of cats. Despite
this, the international classification of the David
Thompson Foundation deserves attention. According to
the morphological principles of the tumor of the
mammary gland of cats, it includes: simple, ductal and
intraductal papillary adenomas, which in turn is divided

into ductal ectasia, lobular hyperplasia, epitheliosis,
papillomatosis and fibroadenomatous changes (Willmann
et al., 2021; Zappulli et al., 2021).

According to statistics, feline fibroadenomatosis
(FAD) is one of the most common non-malignant
diseases of the mammary gland. Morphologically, this
neoplasia consists of both stromal (“fibro”) and epithelial
glandular (“adeno”) proliferation. There are also other
names in the literature: fibroepithelial hypertrophy,
fibroadenomatous hyperplasia of the mammary gland,
hypertrophy/hyperplasia/fibroadenomatous complex of
the mammary gland. The clinical frequency of the lesion
in the cat population can range from 13 to 20 %. It has
been proven that hyperplastic changes in the mammary
gland are hormone-dependent. Risk groups are cats in the
period of estrus, pregnant, but also females, and cats that
received sex hormone therapy (for example, megestrol
acetate and medroxyprogesterone acetate) or with a
history of neuro-endocrine changes (Zhelavskyi, 2017).

There are also changes in the nomenclature of canine
mammary gland tumors. Numerous studies, various
classifications by approach in determining the
morphological diagnosis have been subject to debate and
discussion (Thike et al., 2019). New studies have given
scientists a basis for a new assessment of the classification
of mammary gland tumors in cats. According to the
modern classification (Zappulli, et al., 2019) (Table 1)
there are detailed clarifications regarding
fibroadenomatosis of cats. Previously (WHO, 1999), feline
fibroadenomatosis of the mammary gland was included in
focal changes of this organ.

Fibroadenomatosis is common among cats, although
there is no conclusive evidence of its existence in dogs.
Histologically, there are similar changes, but the tumors
are a nodular formation with well-defined boundaries or a
single or multinodular tumor that affects one or rarely
more mammary glands. Usually, hormone dependence is
not manifested in dogs (Table 2).

Clinical diagnostic criteria. Currently,
histopathological diagnosis is the gold standard in
establishing an accurate diagnosis of breast tumors.
Despite this, doctors should give importance to physical
examination, X-ray diagnostics and sonographic
examination.

Doctors also have the method of Fine Needle
Aspiration (FNA). Biopsy, often performed under the
control of an ultrasound sensor, is a technological,
minimally invasive, fast method. Pathologists often use
Robinson's classification in practice, which allows for the
assessment of cytological signs: hypercellularity, variable
cell size and shape (pleomorphism, anisocytosis,
macrocytosis), variable size and shape of the nucleus
(anisokaryosis, macrokaryosis), increased nuclear-
cytoplasmic ratio; large, protruding or multiple nucleoli,
formation of nuclei; chromatin purification, chromatin
clumping; the presence of abnormal multinucleated cells
and mitotic indicators. As practice shows, FNA results
have a reliability of 66.7—100 %.

Ultrasound (B-mode, dopplerography) is also used to
diagnose breast tissue neoplasms. Valuable data are the
use of quantitative acoustic radiation-force pulse
elastography.
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Table 1
Davis Thompson Foundation classification of canine mammary tumours (Zappulli et al., 2019), associated ICD-O-
3.2 codes

Lesions ICD-0-3.2 Codes Category
1. Hyperplasia/Dysplasia
1.1 Duct ectasia (DE) NA H
1.2 Lobular hyperplasia (LH) (adenosis)
1.2.1 regular (LH-R) NA H
1.2.2 with secretory activity (LH-S) NA H
1.2.3 with fibrosis (LH-F) NA H
1.2.4 with atypia (LH-A) NA H
1.3 Epitheliosis (EP) NA H
1.4 Papillomatosis (PAP) 8060/0 H

2. Benign epithelial neoplasms
2.1 Simple benign tumours

2.1.1 Adenoma—simple (SAD) 8211/0 B
2.1.2 Myoepithelioma (MEP) 8982/0 B
2.2 Non-simple benign tumours
2.2.1 Complex adenoma (CAD) 8983/0 B
2.2.2 Benign mixed tumour (BMT) 8940/0 B
2.2.3 Fibroadenoma (FAD) 9010/0 B
2.3 Ductal-associated benign tumours
2.3.1 Ductal adenoma (DAD) 8147/0 * B
2.3.2 Intraductal papillary adenoma (IDPA) 8503/0 B
3. Malignant neoplasms
3.1 Carcinoma—in situ not applied
3.2 Simple carcinomas
3.2.1 Tubular (including cribriform) carcinoma (STC) 8211/3 M
3.2.2 Tubulopapillary carcinoma (STPC) 8263/3 M
3.2.3 Solid carcinoma (SoC) 8230/3 M
3.2.4 Invasive micropapillary carcinoma (IMPC) 8507/3 M
3.2.5 Comedocarcinoma (CoC) 8501/3 M
3.2.6 Anaplastic carcinoma (AC) 8021/3 M
3.3 Non-simple carcinoma
3.3.1 Carcinoma arising in complex adenoma/benign mixed tumour (C in B) 8941/3 * M
3.3.2 Complex carcinoma (CC) 8983/3 M
3.3.3 Carcinoma and malignant myoepithelioma (C&MM) 8562/3 M
3.3.4 Mixed carcinoma (MC) 8940/3 M
3.4 Ductal-associated carcinoma
3.4.1 Ductal carcinoma (DC) 8147/3 * M
3.4.2 Intraductal papillary carcinoma (including papillary-cystic) (IDPC) 8503/3 M
4. Malignant epithelial neoplasms-special types
4.1 Squamous cell carcinoma (SCC) 8070/3 * M
4.2 Adenosquamous carcinoma (ASC) 8560/3 * M
4.3 Mucinous carcinoma (MuC) 8480/3 M
4.4 Lipid-rich carcinoma (LRC) 8314/3 M
4.5 Spindle cell carcinoma (SPC) 8572/3 * M
4.6 Malignant myoepithelioma (MM) 8982/3 * M
5. Malignant mesenchymal neoplasms
5.1 Osteosarcoma (OC) 9180/3 * M
5.2 Chondrosarcoma (CS) 9220/3 * M
5.3 Fibrosarcoma (FS) 8810/3 * M
5.4 Hemangiosarcoma (HS) 9120/3 * M
5.5 Other sarcomas (other S) 8800/3 * M
6. Carcinosarcoma (CS) 8980/3 * M
7. Hyperplasia/dysplasia of the Teat
7.1 Melanosis of the skin of the teat (Skin M) ND H
7.2 Hyperplasia of the teat (TH) ND H

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

8.1.1 Ductal adenoma 8147/0 * B

8.1.2 Intraductal papillary adenoma 8503/0 B
8.2 Malignant ductal-associated neoplasms

8.2.1 Ductal carcinoma 8147/3 * M

8.2.2 Intraductal papillary carcinoma 8503/3 M
8.3 Carcinoma with epidermal infiltration (Paget-like disease) (C-EI) 8540/3 M

Notes: NA, not available; H, hyperplasia/dysplasia; B, Benign tumour; M, malignant tumour. * Code assigned also when name
of histotype was different but histological description identical between human and canine lesions.
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Table 2
Histological Classification of Mammary Tumors of the
Dog and the Cat (Misdorp et al., 1999)

CANINE
Malignant Tumors
1.1 Noninfiltrating (in situ) carcinoma
1.2 Complex carcinoma
1.3 Simple carcinoma
1.3.1 Tubulopapillary carcinoma
1.3.2 Solid carcinoma
1.3.3 Anaplastic carcinoma
1.4 Special types of carcinomas
1.4.1 Spindle cell carcinoma
1.4.2 Squamous cell carcinoma
1.4.3 Mucinous carcinoma
1.4.4 Lipid-rich carcinoma
1.5 Sarcoma
1.5.1 Fibrosarcoma
1.5.2 Osteosarcoma
1.5.3 Other sarcomas
1.6 Carcinosarcoma
1.7 Carcinoma or sarcoma in benign tumor
Benign Tumors
2.1 Adenoma
2.1.1 Simple adenoma
2.1.2 Complex adenoma
2.1.3 Basaloid adenoma
2.2 Fibroadenoma
2.2.1 Low-cellularity fibroadenoma
2.2.2 High-cellularity fibroadenoma
2.3 Benign mixed tumor
2.4 Duct papilloma
Unclassified Tumors
Mammary Hyperplasias/Dysplasias
4.1 Ductal hyperplasia
4.2 Lobular hyperplasia
4.2.1 Epithelial hyperplasia
4.2.2 Adenosis
4.3 Cysts
4.4 Duct ectasia
4.5 Focal fibrosis (fibrosclerosis)
4.6 Gynecomastia
FELINE
Malignant Tumors
1.1 Noninfiltrating (in situ) carcinoma
1.2 Tubulopapillary carcinoma
1.3 Solid carcinoma
1.4 Cribriform carcinoma
1.5 Squamous cell carcinoma
1.6 Mucinous carcinoma
1.7 Carcinosarcoma
1.8 Carcinoma or sarcoma in benign tumor
Benign Tumors
2.1 Adenoma
2.1.1 Simple adenoma
2.1.2 Complex adenoma
2.2 Fibroadenoma
2.2.1 Low-cellularity fibroadenoma
2.2.2 High-cellularity fibroadenoma
2.3 Benign mixed tumor
2.4 Duct papilloma
Unclassified Tumors
Mammary Hyperplasias/Dysplasias
4.1 Ductal hyperplasia
4.2 Lobular hyperplasia
4.2.1 Epithelial hyperplasia
4.2.2 Adenosis
4.2.3 Fibroadenomatous change (feline mammary
hypertrophy, fibro-epithelial hypertrophy)

4.3 Cysts
4.4 Duct ectasia
4.5 Focal fibrosis (fibrosclerosis)

Current prospects for cell therapy. The essence of the
latest ~ biotechnological  techniques in  cancer
immunotherapy is that the doctor "adjusts" the body's
immune system to identify and destroy cancer cells.
Numerous studies confirm that inhibitors of immune
checkpoints are the optimal approach to immunotherapy,
as the immune system itself “prepares” for effective
cancer control. The latest methods of treatment of patients
with oncogenic pathology, which are based on the
management of cytotoxic activity of T cells, are becoming
increasingly important in medical practice (Nascimento et
al., 2022).

This cell technology is carried out as a method of
modifying the receptors of immunocompetent cells, and
using the receptor structures of chimeric antigens. It is
well known that lymphocytes are able to migrate
throughout the body, using specific receptors to recognize
foreign, mutated and oncogenic cells, as well as trigger a
cascade of immune responses aimed at destroying the
pathogen. Such censorship functions are possessed by a
subpopulation of cytotoxic T cells (Zhelavskyi & Shunin,
2017; Sfacteria et al., 2021).

In the oncogenic process, the altered cells can "hide"
from immune cells, which leads to the development of the
disease. Today, the latest techniques make it possible to
recognize oncogenic cells, in particular using
dendrocytes, which are a kind of migrating spy cells (The
Nobel Prize in Physiology or Medicine 2011 Ralph M.
Steinman “For his discovery of the dendritic cell and its
role in adaptive immunity”).

Dendritic cells absorb and cleave proteins, as well as
transfer adsorbed protein components of MHC II. Antigen
presentation by active dentrocytes with T-lymphocytes
occurs directly in the lymph node (Tramm et al., 2018;
Zhelavskyi, 2018).

After that, activated T-killers actively multiply and
form a specific clone of anti-cancer cells. In the future,
cloned T-killers (on the surface of which there are protein
molecules MHC 1) begin to migrate throughout the body
in search of oncogenic target cells. Upon recognition, the
T-killer initiates apoptosis (programmed death) of the
oncogenic cell.

Chimeric antigen receptor (CAR) T-cell therapy
technology is becoming increasingly important in
oncology, enabling clinicians to genetically reprogram
patients' own immune cells and direct them to search for
and attack cells with oncogenic changes. The essence of
the technique is to conduct preclinical incorporation
“training” of immunocompetent cells, aimed at
stimulating their proliferation with the subsequent
introduction of cell culture to the patient (Zhelavskyi,
2019; Nascimento et al., 2022).

Clinicians claim that the advantage of CAR therapy is
the ability of inoculated immunocompetent cells to further
actively multiply in the patient's body and potentiate their
own immune mechanisms of antitumor protection.

Treatment of patients using the TCR Engineered T
Cells method is also promising. The essence of cell
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therapy is to use specific T-lymphocytes, which on their
surface contains a receptor (TCR), which is a complex of
integral proteins of the membrane. Stimulation of TCR T
lymphocytes occurs with the participation of MHC
molecules, which is a necessary condition in the antigen
presentation of oncogenic cells (Tramm et al., 2018).

Also noteworthy are the studies of James P. Allison
and Tasuku Honjo (The Nobel Prize in Physiology or
Medicine 2018 was awarded jointly to James P. Allison
and Tasuku Honjo “for their discovery of cancer therapy
by inhibition of negative immune regulation™) proteins
that block the immune system in oncogenic diseases.
Their research is based on fundamentally new approaches
to managing the inhibitory potential of the immune
system to attack the tumor (Sfacteria et al., 2021).

Conclusion

Accumulation  of  clinical  experience  and
histopathological data made it possible to improve the
classification of tumors mammary gland in cats and dogs.
The unified classification will definitely be useful to
scientists and practicing doctors, it will enrich their
knowledge about the mechanisms of tumor growth. We
believe that a unified classification will enable researchers
to make accurate diagnoses, will be the basis for
differentiation and patient treatment strategies.
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