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Abstract

The purpose of this paper is to establish criteria that could guide the diagnosis, prognosis and treatment of canine
mammary neoplasias. It was elaborated during the Mammary Pathology Meeting: Diagnosis, Prognosis and Treatment of
the Canine Mammary Neoplasia, held on November 6th and 7th, 2010 in Belo Horizonte — MG, Brazil. Academics from
several regions of Brazil were present and contributed to this work. After three years, a new discussion was found
necessary in order to address important questions: 1 - Have Brazilian DVMs applied the consensus? 2 - What were the main
difficulties in applying the consensus? 3 - What were the obtained results? 4 - What were the main differences among the
various oncology services/groups? 5 - How could the criteria be improved and uniformed? A spreadsheet that allowed data
collection and an abstract was submitted by each oncology service/group from various parts of the country. Based on the
abstracts we identified the main differences in diagnosis and therapeutic conducts among the groups. These differences have
guided the discussions of the Il Mammary Pathology Meeting and the publication of a second consensus that has been
revised and updated. The Il Mammary Pathology Meeting: Diagnosis, Prognosis and Treatment of the Canine mamary
Neoplasia, was held on December 9%, 10%and 11%, 2013 in Belo Horizonte — MG, sponsored by the Laboratory of
Comparative Pathology of the Federal University of Minas Gerais (UFMG), with the support of the Brazilian Association
of Veterinary Pathology (ABPV) and Brazilian Association of Veterinary Oncology (ABROVET). Academics from several

regions of Brazil were present and contributed to this work.

Key words: mammary neoplasias, dogs, mammary gland, veterinary oncology.

Introduction

Mammary tumors are the most frequent neoplastic
processes of the female dog and represent a problem of
large impact in veterinary medicine. In this context, many
efforts are being directed towards adopting criteria towards
standardization of the diagnosis, understanding tumor
behavior and evolution and evaluating prognostic and
predictive factors such as: morphology, molecular and
genetic alterations. The knowledge and adoption of these
parameters are fundamentally important for choice and
success of therapies that promote reduction of tumoral
recurrence and increase in overall survival (18).

In 2010, a paper was elaborated during the course
of the Mammary Pathology Meeting: Diagnosis, Prognosis
and Treatment of the Canine Mammary Neoplasia, held on
November 6th and 7th, 2010 in Belo Horizonte — MG. The
meeting sponsored by the Laboratory of Comparative
Pathology of the Federal University of Minas Gerais
(UFMG), with the support of the Brazilian Association of
Veterinary Pathology (ABPV) and Brazilian Association
of Veterinary Oncology (ABROVET). The aim was to
bring teachers and/or researchers, practitioners and
graduate students working in the field of anatomical
pathology and clinical oncology together to establish
criteria that could guide the diagnosis, prognosis and
treatment of canine mammary neoplasias. The paper was
published in Brazilian Journal of Veterinary Pathology
(27).

After three years, a new discussion was found
necessary in order to address important questions: 1 - Have

Brazilian DVMs applied the consensus? 2 - What were the
main difficulties in applying the consensus? 3 - What were
the obtained results? 4 - What were the main differences
among the various oncology services/groups? 5 - How
could the criteria be improved and uniformed?

The first step was to acquire information
regarding diagnosis and treatments performed by each
oncology service/group based on the | Consensus (27). A
spreadsheet that allowed data collection and an abstract
was submitted by each oncology service/group from
various parts of the country. Based on the abstracts we
identified the main differences in diagnosis and therapeutic
conducts among the groups. These differences have guided
the discussions of the Il Mammary Pathology Meeting and
the publication of a second consensus that has been revised
and updated.

The 11 Mammary Pathology Meeting: Diagnosis,
Prognosis and Treatment of the Canine Mammary
Neoplasia, was held on December 9th , 10th and 11th,
2013 in Belo Horizonte — MG, sponsored by the
Laboratory of Comparative Pathology of the Federal
University of Minas Gerais (UFMG), with the support of
the Brazilian Association of Veterinary Pathology (ABPV)
and Brazilian Association of Veterinary Oncology
(ABROVET).

1. CLINICAL SIGNS
Mammary gland tumors affect middle aged and

old female dogs that are sexually intact or spayed (38, 43).
The majority of dogs with mammary neoplasias are
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clinically healthy at the time of diagnosis and the tumors
can be identified by the owner or a professional during a
routine physical examination (146).

Canine mammary neoplasias are commonly
presented as circumscribed nodules with variable size,
consistency and mobility to the skin and muscle. They can
also be associated with skin ulceration and local
inflammatory reactions. Multiple tumors are frequently
observed in a single mammary gland or may involve
multiple mammary glands simultaneously and can be of
different histological types (87, 107). However, the tumor
with the worst prognosis will always determine the clinical
evolution of the patient (32). The caudal abdominal and
inguinal mammary glands are affected more frequently
than thoracic glands (22).

2. DIAGNOSIS
Clinical examination

A thorough history and a complete physical exam
including careful palpation of the mammary glands should
be performed in all dogs with mammary gland tumors
(148). During the examination, the general clinical
condition of the animal is evaluated. The professional must
collect information concerning medical history,
reproductive cycle (regular heat, number of births,
castration, hormone therapy use, abortion and history of
pseudo pregnancy), the approximate date when the lesions
were first noticed by the owner, and previous tumor
lesions. This information should be recorded in a cancer
record form (26, 62). A complete medical record that may
be mainly implemented for mammary gland lesion
research purposes is available in supplement 1. An
additional concise medical record is available in
supplement 2.

During the clinical examination, the two
mammary chains and the regional lymph nodes should be
explored. To determine the precise clinical staging of the
cancer, the professional should perform chest radiographs
in three views (Ventrodorsal and right and left
Laterolateral) as a standard diagnostic procedure for
evaluation of pulmonary metastatic disease. Pulmonary
lesions ranging in size from six to eight mm in diameter
can be detected using conventional radiography. Early
detection of metastatic lesions smaller than 6 mm can be
achieved using computed tomography. The lung is the
most common site for distant metastasis in dogs with
malignant mammary gland tumors, but additional tests
such as an abdominal ultrasound is recommended for
investigation of other anatomical sites. The observation of
distant metastases is associated with an unfavorable
prognosis (146).

Excisional biopsy is the recommended diagnosis
method for canine mammary tumors. Curing dogs
presenting with small malignant well-differentiated tumors

is feasible as long as surgical margins are not
compromised.

Inspection of the regional lymph nodes should be
included in the routine clinical evaluation of dogs with
mammary tumors, as the presence of metastasis impacts on
the clinical staging of the cancer and therefore survival and
treatment approach. Cytology is a safe method for
inspecting lymph nodes. It has 100% sensitivity and 96%
specificity for identification of metastasis (90). Therefore,
fine needle aspiration cytology (FNAC) of palpable lymph
nodes is recommended as the presence of metastasis
impacts on the clinical staging of the cancer and the
treatment approach. In cases of positive or suspicious
results for metastasis, excision of affected lymph nodes
should be performed (146). FNAC should be performed on
lymph nodes presenting with alterations in volume, shape
and consistency upon clinical examination. Cell smears
obtained from puncture (3-5 slides) should be air dried or
immediately fixed in a solution of 70% ethanol. Excessive
contamination with blood, hair and liquefied material
should be avoided as this could compromise the quality of
the sample (25).

Clinical staging: TNM

Determining the clinical stage enables the
definition of the extension of the tumor. As a consequence,
this allows a prognosis to be established and treatment to
be planned, giving precise indications to the pathologist
concerning the material submitted for analysis and for
comparing clinical observations from different sources
(145).

Clinical staging is determined according to the
TNM system established by the World Health
Organization (WHQ) for canine mammary tumors. Based
on this system, the size of the primary lesion (T), the
extent of its spread to regional lymph nodes (N) and the
presence or absence of distant metastases (M) must be
assessed (113) (Table 1-2) .

Tumor size is considered an independent
prognostic factor for mammary tumors in bitches. Tumors
sized 3.0 cm or smaller are significantly correlated with
better prognosis compared with larger tumors. This
parameter can be easily obtained and should be considered
when making decisions concerning complementary
therapy (31,146). During a study concerning canine
mammary tumors that included 15 benign and 23
malignant cases, Ferreira et al. (2009) (61) observed that
most lesions greater than 5.0 cm (T3) were malignant, with
a higher proliferation rate and lower positivity for
progesterone receptors (PR) when compared with to
smaller tumors (T1, T2).

The evaluation of regional lymph nodes has a
major impact on the survival of dogs with mammary gland
tumors. Animals with regional lymph node metastases
exhibit a significant decrease in survival expectancy
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Table 1. Clinical staging (TNM) of canine mammary tumors (modified from Sorenmo et al., 2013) (147).

T
Stage | T1
Stage 11 T2
Stage 111 T3
Stage IV Any T
Stage V Any T

Modified System

T — Primary Tumor
T1<3cm
T2 3-5cm
T3 >5cm

N — Regional Lymph Nodes
NO Histologic or Cytologic — No metastasis
N1 Histologic or Cytologic — Metastasis present

M — Distant Metastasis
MO No Distant Metastasis Detected
M1 Distant Metastasis Detected

N M
NO MO
NO MO
NO MO
N1 MO
Any N M1

compared with individuals who tested negative for lymph
node metastasis (31,146). Hellmeén et al. (1993) (79)
performed a study involving 202 female dogs with
mammary cancer. They demonstrated that regional lymph
node involvement was a statistically significant
unfavorable prognostic factor as determined by univariate
analysis, but were not significant when multivariate
analysis was performed.

The presence of distant metastasis is detrimental
for prognosis compared with to female dogs that present
with spreading to regional lymph nodes only (146).

Inflammatory carcinoma

Inflammatory mammary carcinoma (IMC) is
named after the initial clinical appearance of the lesion,
which resembles an inflammatory process of the skin or
mammary gland. It is an uncommon tumor with an
aggressive clinical course and unfavorable prognosis (5,
117, 154). The IMC can affect humans and canines (5, 81,
154), the latter being the only animal species in which the
cancer occurs spontaneously (73). Approximately 50% of
mammary tumors are malignant (31, 125), and of these
approximately 7.6% are classified as IMC mainly based on
clinical examination as well as histopathology findings
(119).

The tumor is microscopically characterized by the
presence of an association between any carcinoma subtype

and an inflammatory reaction, with presence of tumor
emboli in lymphatic vessels in the dermis (5, 30, 31).
Macroscopically, the lesions grow as continuous, firm and
hyperemic plaques without specific demarcation (30).
Other symptoms include itching, local temperature rise,
intense or moderate pain, swelling and redness of the skin
overlying the mammary gland (5, 16, 73, 117). IMCs have
a high potential for metastasis therefore, it is prudent to
carry out additional tests including chest radiographs and
abdominal ultrasound to monitor for possible metastatic
foci. Dogs with inflammatory carcinoma are classified in
T4 of clinical staging (113).

Fine needle aspiration of the primary tumor

Excisional biopsy is recommended for initial
diagnosis of tumors of the mammary gland in the bitch, but
the use of aspiration cytology has increased over time and
high levels of agreement between cytological and
histopathology results have been described (25, 172).
Experienced cytologists must collect the samples, a
restraint for the wide use of FNAC in veterinary medicine
(25).

Cytological examination may be useful for
excluding differential diagnoses such as mastitis, lipomas
and mast cell tumors, among others. In clinical
evaluations, the execution of FNAC on the primary tumor
does not interfere with the surgical planning for patients as
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this procedure is selected according to lesion size (T), the
affected mammary gland and its lymphatic draining.

Moreover, the final diagnosis should be based on
histopathology  reports as  this allows tumor
histomorphology to be assessed meticulously, such as
pleomorphism, differentiation degree, mitotic index,
presence or absence of necrosis and the precision of
excision (107).

Anatomopathological examination

Sample harvesting for anatomopathological
examination

The histological classification of mammary
tumors is the best tool to predict biological behavior
(9).Therefore, it is essential to conduct an
anatomopathological examination of all nodules regardless
of their size, as this examination provides important
additional information that can assist the clinician in
defining the prognosis and the best treatment plan (165).
The main factors affecting sample quality include the lack
of representation, inadequate fixation, and the lack of
information regarding the sample.

Specimens should be fixed in formaldehyde and
sent to laboratories within 24 hours for processing. Ferreira
et al. (2003) (62) proposed that when nodulectomy and
partial mastectomy were performed, each affected
mammary gland, including the skin and subcutaneous
tissue, and the regional lymph nodes should be collected
separately and immediately fixed in 10% neutral phosphate
buffered formalin. However, this procedure could make
the evaluation of the surgical resection margins difficult.
Therefore, the whole mammary chain with inguinal lymph
nodes could be placed in a bottle with 10% formalin. If the
surgical sample is large, some cuts on the cutaneous side
of the sample could avoid inadequate fixation. The volume
of this solution must be at least 10 times the size of the
fragment. It is recommended that the fixation time does not
exceed 24-48 hours, and after fixation, the fragment should
be placed in a solution of 70% alcohol so that
immunohistochemistry is not compromised. The vials
should be labeled with the name of the animal, organ, and
lesion location and accompanied by the clinician’s request
with accurate information provided concerning the
animal's medical history, including the macroscopic
description ~ of the tumor  (see  model of
anatomopathological protocol published by Ferreira et al.,
2003) (62).

For trimming procedures, the recommendations of
Estrela-Lima et al. (2010) (56) should be followed. For
tumors between 3-5 cm and specimens larger than 5 cm,
three and five fragments of the tumor mass should be
collected, respectively, and each fragment must measure
no more than 1.5x1.5x0.5 cm. The margins should be
prioritized, and the central necrotic areas excluded. Putting
forth a blanket recommendation for how every tumor

biopsy specimen should be trimmed is impossible because
each specimen is unique. Specimen size, overall margin
area, tumor type, and potential financial restrictions should
be considered. Cross-sectioning (radial method, ‘‘halves
and quarters’’) is the most commonly used method for
small or moderately sized masses. The tumor is bisected
along its shortest axis. Subsequently, each half of the tissue
is bisected through its longest axis, creating quarter
sections that demonstrate the mass in a different plane. On
the other hand, parallel slicing at regular intervals
(complete bread loafing, serial sectioning) increases the
percentage of marginal tissue examined (82). All
mammary glands of the submitted chain must be sampled,
even if they do not contain a tumor. The margin evaluation
is mandatory and can be identified using India ink staining.

In this context, the standardization of the
harvesting and shipping procedures of specimens by
surgeons and clinicians, and the material cleavage
procedures performed by the pathologist, is essential to
establish  criteria for research. When conducting
prospective studies within or across institutions, a
standardized trimming method should be used to maintain
the  consistency  of  results  (82).  Therefore,
histopathological diagnosis will be not compromised, and
the prognosis for patients with mammary neoplasias will
be accurate.

Evaluation of surgical resection margins

Whenever there are neoplastic cells in the area
stained with Indian ink, the sample should be considered as
having "compromised margins". Lateral, deep and
superficial margins should be evaluated for the presence of
neoplastic cells. If the margins are free, it is recommended
to assign a distance in millimetres from the tumor to the
smallest margin. If there are compromised margins, these
must be identified and the type of imperfection must be
assigned (presence of isolated cells or lesion continuity).

Evaluation of metastasis in lymph nodes

During lymph node excision it must be measured
and, in case of size augment, cut into longitudinal sections.
Histopathological evaluation with hematoxylin-eosin
staining allows the assessment of lymph node metastasis
by counting the number of cell clusters. Macrometastasis
occurs when the cluster size is greater than 2mm, while
sizes between 0.2 mm and 2 mm characterize
micrometastases. Areas that measure less than 0.2mm are
considered isolated cancer cells (2). It can be difficult to
visualize metastasis using routine HE staining. In such
cases, it is suggested that immunohistochemistry using
specific antibodies against epithelial cell proteins such as
cytokeratins are utilized (103).

The sentinel lymph node (SL) is defined as the
first lymph node of a regional lymphatic chain to receive
lymph from a primary tumor, and, therefore, is expected to
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first contain a micrometastasis (13). The identification of
the SL is necessary due to the inexistence of a standard
lymphatic draining in the bitch. As seen in human
mammary tumors, lymphatic draining also undergoes
peritumoral lymphatic reconfiguration due to the presence
of prolymphangiogenic cytokines (49, 83, 140). Although
literature is scarce, identification of the SL through vital
markers such as Patent Blue V (PB), Methylene Blue, and
autogenous hemosiderin have been reported in bitches (8,
122, 123, 151).

Authors believe that PB should be used to
facilitate the localization and surgical excision of axillary
lymph nodes. The location of the lymph node receiving
drainage from the tumor followed by its surgical excision
is aided by the visual analysis of the presence of the color
blue (123). The main concern is with lymph nodes that
may not be evident in cases of canine mammary neoplasias
presenting well established poor prognosis characteristics,
such as: T3 size, ulceration, adherence to adjacent skin or
muscle. Poor prognosis neoplasias may be related to higher
incidence of metastases. In some cases, metastasis may be
presented as isolated tumor cells or micrometastases,
unlikely evident in the clinical exam of regional lymph
nodes due to lack of macroscopic alterations. Palpation
may be an insensitive indicator of nodal metastasis in the
dog (166). As micrometastases may take many months to
produce palpable lymphadenomegaly, early evaluation of
the lymph node can allow for a more accurate assessment
of stage (71). Furthermore, Fine Needle Aspiration
Cytology (FNAC) performed in lymph nodes may have
false negative results mainly in initial and smaller
metastases.  This justifies surgical excision for
histopathological evaluation. Blue dyes were reported to
have no interference with processing, staining or
interpretation (cytological or histopathological) of the
submitted samples (164).

PB is currently the most commonly used dye in
human medicine due to its easy manipulation, safety, and
low cost. The recommended dose is 0.2-0.3 mg/Kg,
applied immediately before the surgical procedure. The
total volume must be equally divided and injected into four
superficial peritumoral intradermal points. After 20
minutes, the blue color of the superficial lymphatic vessels
may be observed through the skin, indicating the drainage
direction. Surgical inspection of the draining region will
reveal strong staining of the SL (74).

Histopathological evaluation

The safest diagnostic method is histopathological
examination of excisional or incisional biopsies. Besides
facilitating  lesion  classification,  histopathological
examination allows investigators to evaluate infiltration of
the skin, soft tissue and surrounding blood vessels, details
concerning the histomorphology of the tumor (presence or
absence of pleomorphism, degree of differentiation,
mitotic index, presence or absence of necrosis) and

contributes to a precise excision, as proposed by Ferreira et
al. (2003) (62).

The assessment of the integrity of the
myoepithelial/basal cell layer is an important criterion for
the diagnosis of breast carcinoma in women. It aids the
differential diagnosis between in situ and invasive
malignant lesions, being particularly useful for the
detection of microinvasion spots (152, 169). In veterinary
medicine, myoepithelial markers such as alpha smooth
muscle actin (6, 40), S-100 (44), calponin (54), p63 (65)
and maspin (55) have been used predominantly in research
directed towards the determination of tumor histogenesis.
However, their use as an auxiliary tool in the determination
of invasion is limited and few studies have addressed this
aspect (6).

Histological grading

Histopathological grading of breast cancer aims to
evaluate the architecture of the neoplasia and
morphological variations of the core, and the histological
grade presents a significant correlation with tumor
aggressiveness (51). Currently, in human medicine, the
most widely used grading system is the Nottingham
modified by Elston and Ellis (1998) (50), which has
replaced previous subjective evaluations when the degree
of tumor differentiation was estimated by the general
appearance of the tumor. The Nottingham method allows
the factors to be evaluated systematically using more
objective criteria.

According to this system, determination of

histological grade is based on the evaluation of the tubule
formation index (1 point: more than 75% of the tumor is
composed by tubules, two points: between 10% and 75%
of tubular formations, and 3 points: the tubules occupy
10% or less of the tumor), nuclear pleomorphism (1 point:
small and regular nuclei; 2 points: moderate increase in
size and variation of nuclei; 3 points: marked
pleomorphism, with large variation in size and shape of
nuclei) and mitotic count (1 point: 0-8 mitosis, 2 points: 9-
16 mitosis, and 3 points: above 17 mitosis in 40x lens).
The histological grade of the tumor is obtained through the
sum of the scores which results in a total amount that
ranges from 3 to 9. The summary of tumor grades is: 3-5
points: grade I; 6-7 points: grade 1l; 8-9 points: Grade III.
Anaplasia increases with an increase in grade. The
histological grade is considered as an independent
prognostic indicator for primary breast cancer in women.
In veterinary medicine, the grading systems for mammary
tumors with well-defined criteria are not frequently used
(89). Among the most popular ones is the Misdorp et al.
(1999) (107) and Gilbertson et al. (1983) (70) systems,
both based on the combination of cellular and nuclear
characteristics. Recently, the number of veterinary
researchers who have adopted the criteria for histological
grading proposed by Nottingham for evaluating breast
carcinomas in dogs has increased (Table 2).
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Table 2. Summary of Histological Grades of Breast Cancer according to Elston & Ellis (1998) (50).

Attribute Score

Tubule Formation

> 75% of tumor 1
10 to 75% of tumor 2
< 10% of tumor 3
Nuclear Pleomorphism

Nuclear size similar to a normal cell (2 to 3 times the size of red blood cell) 1
Moderate increase in size and variation 2
Marked variation 3
Mitotic Count (HPF) *

0 a 8 Mitotic counts / 10 HPF 1
9 a 16 Mitotic counts / 10 HPF 2
17 or greater Mitotic counts / 10 HPF 3

*Adapted according to the microscopy field size used in this study= 0.55 mm.

HPF = high Power field. Olympus BX-41, 40 X objective lens.

These studies reveal a significant correlation
between histopathological grading and other prognostic
factors such as histological type and survival (32, 47, 48,
56, 84, 85, 104, 111). Therefore, histological grading of
tumors determined by the Nottingham system and
modified by Elston and Ellis (1998) (50), represents a
sensible tool that can be incorporated into veterinary
medicine as is the case with human oncology.

Classification of tumor lesions

Methods for classification of canine mammary
tumors vary considerably. There may be disagreement
about the most common tumors such as mixed tumors and
carcinomas in mixed tumors (22). Several classifications
have been proposed, but the most widely adopted is that of
Misdorp et al. published in 1999 by the AFIP (Armed
Forces Institute of Pathology) (107) (Table 3).

Non-neoplastic epithelial lesions

Alterations in the molecular behavior of canine
mammary epithelium suggested that intraepithelial or
intraductal lesions (ductal and lobular hyperplasia and
ductal carcinoma in situ) represent evolutionary stages in

the process of malignant neoplastic progression (59, 63)
(Figure 1).

Epithelial hyperplasia

Mammary epithelial hyperplasia is often observed
in the final portion of the ductal gland in canine species.
These lesions can arise in the extralobular ducts, called
ductal hyperplasia, or in the intralobular ducts, called
lobular hyperplasia. When these types of hyperplasia are
diffuse or multifocal they are referred to as papillomatosis
or epitheliosis. In such cases, the lesions affect ductal units
and have similar morphological behavior (107).

Current evidence suggests that hyperplastic
alterations affecting the ductal intralobular and extra
lobular units have similar diagnostic and prognostic
significance, as observed in the human mammary gland. It
is suggested that other types of cellular alterations,
classified as lobular hyperplasia in human breast, could
occur in the canine mammary gland but with a distinct
diagnostic significance (3, 109). There are three distinct
types of canine hyperplastic alterations:

I) Ductal hyperplasia - refers to proliferations
characterized by supernumerary projections of epithelial
cells, which are morphologically similar to normal cells of
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Table 3. Canine Mammary Neoplasias Histological Classification. Modified from Misdorp et al., 1999 (107).

Non-neoplastic epithelial lesion
Epithelial hyperplasia
Ductal hyperplasia
Lobular Hyperplasia
Adenosis
Columnar cell lesions
Columnar cell alteration
Columnar cell hyperplasia
Atypical columnar cell lesions
Benign tumors
Adenoma
Adenomyoepithelioma
Basaloid adenoma
Fibroadenoma
Benign mixed tumor
Ductal papilloma
Malignant tumors
Carcinomas
Carcinomas in situ
Ductal carcinoma in situ
Lobular carcinoma in situ
Carcinoma in a mixed tumor
Papillar carcinoma
Tubular carcinoma
Solid carcinoma
Special type carcinomas
Micropapillary carcinoma
Invasive lobular carcinoma
Pleomorphic lobular carcinoma
Secretory carcinoma
Mucinous carcinoma
Lipid-rich carcinoma
Squamous cell carcinoma
Spindle-cell carcinoma
Anaplastic carcinoma
Mammary neoplasias with sebaceous differentiation
Myoepithelial neoplasias
Malignant adenomyoepithelioma
Sarcomas
Fibrosarcoma
Osteosarcoma
Carcinosarcoma
Sarcoma in mixed tumor
Other sarcomas
Condrosarcoma
Liposarcoma
Hemangiosarcoma
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Normal Hyperplasia

without atypia

the duct, with mild nuclear pleomorphism. Disorganized or
irregular bridges formed by intraductal papillary
projections can be observed. They are composed of one or
two cells within the terminal ducts or in interlobular ducts.
These types of hyperplasia have been previously referred
to as papillomatosis or epitheliosis and may appear diffuse
or multifocal. Histologically, atypical cellular behaviors
are determined by small cells with uniform and
monomorphic nuclei. These cells form solid bridges across
the ductal lumen with an organized layer of myoepithelial
cells that delimit the duct. The discrimination between an
atypical hyperplastic lesion (Figure 2A) and a low degree
duct carcinoma in situ is difficult (Figure 2B). In these
situations, the evaluation of the number and size of lesions
should be considered as criteria to distinguish them.
However, both are potentially malignant. Molecular
studies have demonstrated that atypical ductal hyperplasia
and low grade ductal carcinoma in situ, apparently, have
similar chromosomal alterations and probably share a
similar role in the malignant transformation of the
mammary gland (59, 60).

I1) Lobular hyperplasia - occurs in the terminal
lobular units of the mammary gland. In this type of injury,
epithelial cells have a distinct morphological behavior. The
cell nuclei are small and round, predominantly located in a
central position and presenting with low pleomorphism
and sometimes a single intracytoplasmic vacuole. This

Atypical
hyperplasia

Ductal Epithelium

Myoepithelial Cell

Basement Membrane

Invasive
carcinoma

In situ
carcinoma
Figure 1. Canine mammary gland: normal duct and evolution of proliferative lesions.

uniform population of cells occupies the acinar units,
leading to the growth of such units. No more than four
units are compromised in the typical lobular hyperplasia.
When five or more acinar units are affected the lesion is
classified as an atypical lobular hyperplasia. This is an
important distinction for human studies, as it has been
demonstrated that atypical lobular lesions have greater
potential for malignant transformation than typical lesions
(60).

I11) Adenosis — An alteration characterized by an
increased number of acini and dilatation of the intralobular
duct, thereby increasing the overall diameter of the lobular
units (Figure 2E, F). Mild alterations in epithelial,
myoepithelial and fibrous periductal tissues can occur.
This injury is followed by periductal fibrosis (sclerosing
adenosis). It is uncommon among dogs and does not
appear to be related to neoplastic progression (60).

Columnar cell lesions (CCLSs)

CCLs comprise a group of processes
characterized by dilatation of the terminal ducts organized
in a columnar cell pattern, arranged in one or two cell
layers, with or without atypia. These lesions are associated
with intraductal calcifications, atypical intraductal
hyperplasia projections, and benign neoplasias, carcinoma
in situ and invasive carcinoma (63). It is likely that the

Brazilian Journal of Veterinary Pathology. www.bjvp.org.br . All rights reserved 2007.


http://www.bjvp.org.br/

Cassali et al.; Consensus for the Diagnosis, Prognosis and Treatment of Canine Mammary Tumors - 2013. 47
Braz J Vet Pathol, 2014, 7(2), 38 - 69

CCLs represent a step toward the development of several
types of low-grade carcinoma in situ and invasive
carcinoma (35, 126).

These alterations can be classified into three
histological types:

1) Columnar Cell Change (CCC), characterized by
acini dilatations which are delimited by a layer of
epithelial cells arranged in a columnar fashion. The cell
nuclei are elongated with moderate chromasia. Apical
cytoplasm projections are often present as well as
intraluminal secretion (Figure 2C).

I1) Columnar cell hyperplasia (CCH) — columnar
lesions similar to CCCs, but a superposition of two or
more layers of columnar epithelial cells are observed in the
terminal lobular units.

111) Atypical columnar cell lesions — characterized
by alterations in columnar cells. The nuclei of these cells
are hyperchromatic and ovoid and have a higher ratio of
nucleus/cytoplasm, and are not perpendicularly oriented by
the basement membrane (Figure 2D). Owing to the
flattened epithelial surface, this type of alteration is
appropriately termed as Flat Epithelial Atypia (FEA). Foci
of micropapillary projections and cytoplasmic intraductal
tufts can also be observed.

Benign Tumors
Adenoma

Adenoma is a benign neoplasia of well-
differentiated epithelial or myoepithelial cells. Tumors
composed of well-differentiated epithelial cells are
classified as a simple tubular type and should be
differentiated from adenosis. Despite the proliferation of
tubular structures, adenosis retains their architectural
pattern with intralobular ducts. This type of lesion is rare
in dogs and the solid nodes composed of fusocellular cells
are referred to as myoepitheliomas and may require p63
immunohistochemistry for confirmation (20).

Adenomyoepithelioma or complex adenomas

Adenomyoepithelioma is a benign tumor
originating from the proliferation of epithelial and
myoepithelial cells, but with no evidence of myxoid matrix
formation. Its differentiation from complex well-
differentiated carcinomas can be difficult. The presence of
a capsule, absence of necrosis and atypia and low mitotic
activity is the basis for diagnosis (20).

Basaloid adenoma

Basaloid adenoma is a benign tumor consisting of
uniform cords and basaloid monomorphic epithelial cell
nests. The peripheral cells assume a palisade arrangement
and are orientated against a thin basal lamina. These
tumors are usually small (20).

Fibroadenoma

Fibroadenoma is a benign tumor originating from
the proliferation of epithelial and stromal elements. There
are two types: pericanicular fibroadenoma (epithelium
surrounded by stroma) and intracanalicular fibroadenoma
(epithelium that is compressed and deformed by the
stroma), and fibroadenoma of low or high cellularity (20).

Benign mixed tumor

Benign mixed tumors are characterized by benign
proliferation of cells that are morphologically similar to
epithelial components (luminal or myoepithelial) and
mesenchymal cells that produce cartilage and/or bone
and/or adipose tissue, possibly in combination with fibrous
tissue (107) (Figure 3A).

The proliferating myoepithelial cells may appear
fusiform or stellate, and are often embedded in abundant
extracellular matrix (myxoid matrix). The proliferation of
myoepithelial cells in association with the myxoid matrix
are the origin of the ectopic cartilage observed in mixed
tumors, suggesting that it is a result of (myo) epithelial-
mesenchymal transition (21, 52) (Figure 3B). The cartilage
appears in the form of nodules or plaques of variable sizes.
The bone tissue consists of osteoblasts that synthesize
osteoid and mineralized bone. Bone marrow hematopoietic
tissue and fat interposition are eventually observed (4).

Some degree of pleomorphism and atypia is
always present in this kind of tumor, which often make
differential diagnosis difficult, particularly in the case of
carcinomas in benign tumors.

The histogenesis of these tumors is the subject of
several studies (21). The current consensus is to assume
that all elements of cancer including those of a
mesenchymal nature, originate from myoepithelial or
ductal reserve cells. It is the most common benign tumor in
dogs.

Ductal papilloma

This is a benign tumor, ramified or lobed in a
distended duct, with organized proliferation of ductal
epithelium on a well-defined fibrovascular axis. The
epithelium is distributed as a single layer, has little cellular
atypia or nuclear hyperchromasia and minimal mitotic
activity. It is placed on a layer of myoepithelial cells (20)
(Figure 3C, D).

Malignant Tumors
Carcinomas

Mammary carcinomas are classified as carcinoma
in situ, carcinomas in mixed tumor, tubular carcinoma,

papillary carcinoma, solid carcinoma, anaplastic carcinoma
and special types carcinomas (micropapillary carcinoma,
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Figure 2. (A) Atypical ductal hyperplasia. H&E. 40x. (B) Ductal carcinoma in situ. PAS. 40x. (C) Columnar Cell
Hyperplasia without atypia. H&E. 40x. (D) Columnar Cell Change with atypia. H&E. 10x. (E) Adenosis. H&E. 10x. (F)
Adenosis. H&E. 40x

-
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squamous cell carcinoma, mucinous carcinoma, secretory
carcinoma, lipid-rich carcinoma and spindle cell
carcinoma).

Carcinomas in situ

Different proliferative non-neoplastic mammary
lesions are known as mammary cancer precursors in
female dogs. However, carcinomas in situ are the only
alterations recognized as precursor lesions of malignant
transformation in the canine mammary gland, similar to
human breast (3, 109).

Carcinoma in situ is characterized as a
proliferation of malignant epithelial cells in the
extralobular ductal units (Ductal Carcinoma in situ) or
terminal lobular units of the mammary gland (lobular
carcinoma in situ). The abnormal malignant cells occupy
the ductal lumen with no discontinuity or absence of the
basement membrane (77) (Figure 3E, F).

Carcinoma in situ with microinvasion areas is
defined when the continuity of the basement membrane is
lost, and nests of epithelial cells (< 1 mm) are present (77).

Ductal carcinoma in situ (DCIS)

This is the most common carcinoma in situ, often
observed in association with invasive canine mammary
carcinomas (solid carcinomas, papillary, carcinomas in
mixed tumors). DCIS develops in the intra- or extra-
lobular ducts. It is characterized by epithelial proliferations
affecting more than two ductal units in the same
histological section (Fig 3E, F). Epithelial cell proliferation
exhibits an atypical cellular architecture characterized by
connecting bridges along the ductal lumen and a layer of
polarized epithelial cells associated with a continuous layer
of myoepithelial cells. Microcalcifications are sometimes
observed within the ductal lumen. DCIS can be associated
with other types of non-neoplastic (hyperplasia and
columnar cell lesions) and benign or malignant neoplasias.
There is a direct correlation between the presence of DCIS,
atypical columnar cell lesions and invasive mammary
carcinomas in dogs (63).

The architecture of the proliferation of carcinomas
in situ can be organized according to five different
patterns: i) cribriform pattern, ii) papillary, iii)
micropapillary, iv) solid, v) solid with central areas of
necrosis (comedo), and the latter is predominantly
observed in high grade in situ lesions.

DCIS grading

DCIS are categorized as low, intermediate and
high grade lesions, depending on the cellular atypia level
(mainly nuclear) and the loss of luminal polarization.

Low grade DCIS is characterized by a
monomorphic cell pattern with no increase in nuclear size
or fine and diffuse chromatin, mild prominent nucleoli and

lack of mitotic figures. High grade DCIS exhibit a
significant level of cellular pleomorphism, nuclear
diameters twice the size of normal ductal cells, loose or
vesicular chromatin, multiple or prominent nucleoli and
numerous mitotic figures (77).

Lobular carcinoma in situ (LCIS)

LCIS are termed as lobular lesions as the
proliferation of epithelial cells leads to the filling and
expansion of terminal lobular units. It affects more than
50% of the lobe and a complete loss of the lumen.
However, there is no discontinuity or loss of the basement
membrane (77).

The cell shape is invariable, the nuclei are small
and spherical, and the nucleoli are uniform and discrete.
There is a single cytoplasmic vacuole around the nucleus,
represented by an invagination of the cytoplasmic
membrane.

LCIS is a subtype of pleomorphic lobular
carcinoma in situ, which is normally differentiated from
invasive solid carcinoma. In this subtype, the proliferating
cells exhibit pleomorphic nuclei and sometimes evident
nucleoli, comedo type central areas of necrosis and
microcalcifications. However, unlike the invasive
carcinoma, this lesion exhibits no loss of continuity of the
basement membrane.

Carcinoma in mixed tumor

Mixed tumors are frequent mammary gland
neoplasias of the bitch. These tumors exhibit a complex
histological pattern as they consist of components from
epithelial and mesenchymal origin. Some can turn
malignant, leading to the development of carcinoma in
mixed tumors (107).

Carcinomas in mixed tumors are tumors that

contain foci or nodules of epithelial cells with elevated
pleomorphism and atypical mitosis, which arise in benign
mixed tumors. Carcinoma proliferation can invade or
completely replace the pre-existing benign lesion at the
time of histopathological examination.
The malignant epithelial cells often exhibit infiltrative
growth, which can be identified by the loss of continuity of
the basal/myoepithelial layer associated with clusters of
tumor cells that penetrate into the stroma (41, 130) (Figure
4A). The occurrence of non-invasive carcinoma
proliferations (in situ) can also be observed.

Microinvasion in carcinomas in mixed tumor

Differentiating between in situ and invasive
carcinomas in mixed tumors is possible by the presence of
stromal invasion and microinvasion. The invasion areas are
characterized by the presence of clusters of infiltrative
tumor epithelial cells in the periductal stroma near the
carcinoma components. The microinvasion is identified by
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Carcinoma in situ. H&E. 40x and PAS 40x.
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the presence of carcinomas in situ areas with microscopic
peripheral foci (with a diameter less than or equal to 1
mm) of neoplastic cells located beyond the basement
membrane. Projections of neoplastic cells in continuity
with areas associated with carcinomas in situ and
disruption of the basement membrane are also considered
as microinvasion (143).

Papillary carcinoma

Papillary carcinomas are tumors histologically
characterized by papillary arborescent epithelial
proliferation with central fibrovascular stroma (Figure 4B).
Papillary lesions are classified as papillomas, carcinoma in
situ in papillomas and non-invasive and invasive papillary
carcinoma (135). The differentiation between benign and
malignant variants is possible through the presence of
myoepithelial cells within the neoplastic papillae located
between epithelial cells and the basement membrane,
which are not present in malignant tumors (160).

Papillomas with carcinoma in situ are
characterized by the presence of benign papillary lesions
associated with in situ carcinomatous areas which exhibit
proliferation of uniform cells in solid or cribriform growth
patterns (114, 160).

Non-invasive papillary carcinomas or
encapsulated papillary carcinomas are usually solitary
tumors. Well-defined lesions consisting of malignant
papillary proliferation within a dilated duct are observed.
Importantly, the cells are usually well differentiated with a
low to moderate histological grade. The invasive papillary
carcinoma is similar to that described above, but in this
case areas of stromal invasion with no papillary
morphology are usually present (114, 160).

For immunohistochemical analysis it is
recommended that specific antibody labeling is used for
myoepithelial cells since papillary malignant neoplasias
(non-invasive and invasive papillary carcinomas) exhibit
loss of myoepithelial cells, while this does not occur in
benign neoplasias (papilloma). The most commonly used
antibodies for this purpose are those that are specific for
p63 protein and alpha-smooth muscle actin (114, 160).

Tubular carcinoma

This carcinoma is characterized by epithelial
proliferation arranged in a predominantly tubular fashion
(Figure 4C). The amount of stroma can vary considerably.
Peritumoral lymphocytes are common whether necrosis is
present or not. These tumors have a strong tendency to
infiltrate into surrounding tissues and vessels (20).

Tumors with tubular and papillary areas are not
rare. Using an adaptation of the classification system
proposed by Seixas et al. (2007) (141) for feline
micropapillary carcinomas, when carcinomas exhibit more
than 60% tubular areas they are classified as tubular, if
they exhibit more than 60% papillary areas they are

considered as papillary carcinomas. The so-called pure
carcinomas are those with more than 90% prevalence of
morphological characteristics.

Solid carcinoma

Solid carcinoma is a common type of mammary
tumor in dogs. It is probably more advanced than the other
types, as it is often observed when tumors develop over
long time periods without surgical intervention.
Microscopically, there is proliferation of epithelial cells
organized in a solid arrangement, with the formation of
cords, sheets or clusters (Figure 4D). The tumor cells are
undifferentiated, exhibit small and hyperchromatic nuclei,
and the mitotic index is usually high (Figure 4E). Some
solid carcinomas consist of cells that possess a vacuolated
cytoplasm, possibly from myoepithelial origin. The
amount of stroma can vary from small to moderate. Areas
of necrosis are common (20).

Special types of carcinomas
Micropapillary carcinoma

Invasive  micropapillary carcinoma of the
mammary gland is a rare neoplasia, well described in
humans, that is correlated to lymphotropism and to an
unfavorable prognosis (96). In dogs, this tumor has been
reported and exhibits similar behavior to those tumors
observed in humans (29, 66, 68, 138).

Microscopically the tumor exhibits cystic spaces
similar to lymphatic vessels that are diffusely distributed
throughout the mammary tissue (Figure 5A). Inside these
spaces are clusters of epithelial cells that exhibit a
micropapillary pattern described as "morule-like" as well
as abundant eosinophilic cytoplasm and a vesicular
pleomorphic nucleus with prominent nucleoli. Invasive
micropapillary areas can be associated with an in situ
micropapillary carcinoma. In situ micropapillary areas are
characterized by a malignant epithelial proliferation
restricted to the duct (circumscribed by a basement
membrane) containing nests of epithelial cells devoid of a
fibrovascular core (Fig 5A). This in situ carcinoma
generally exhibits intermediate nuclear grade (Fig 5B)
(68). Moreover, micropapillary carcinomas can be defined
as pure-type carcinomas, when more than 75% of the
tumor is characterized by an invasive micropapillary
pattern, and myxed-type carcinomas, when less than 75%
of the tumor is characterized by an invasive micropapillary
pattern associated with other infiltrating carcinomas (Fig
5C) (68). The mitotic index is variable and metastasis to
lymph nodes is commonly observed (23, 29, 68).

In order to characterize the neoplasia the use of
immunohistochemistry with a specific antibody for the
epithelial membrane antigen (EMA) is recommended. This
methodology allows investigators to identify the reversed
polarity of the cluster of tumor cells that are in a
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Figure 4. (A) rcinoa in mixed tumor. H&E. Ox. (B) Papillary carcinoma. H&E. 10x. (C) Tubular carcinoma. H&E.

10x. (D) Solid carcinoma. H&E. 10x. (E) Solid carcinoma. H&E. 40x.
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micropapillary arrangement, through the labeling of the
apical plasma membrane. The use of endothelial markers
such as CD-31 is recommended in order to differentiate
between invasive areas and vessels. Gamba et al. (2013)
(68) described positivity for hormonal receptors (estrogen
and progesterone receptors) and cytokeratin 34BE12; and
negativity for HER-2 and EGFR in invasive micropapillary
carcinomas in bitches.

Invasive lobular carcinoma

Invasive lobular carcinoma (ILC) is a neoplasia
that represents 5-15% of all invasive breast tumors in
women (144). Patients with ILC do not have a better
prognosis than those with invasive ductal carcinoma.
Histologically, the neoplasia is composed of small cells in
a linear arrangement (‘Indian row’) that are uniform in size
and do not reveal polarity.

It is also characterized by diffuse invasion and a
large amount of fibrous stroma. Neoplastic cells sometimes
constitute solid foci and occasionally contain mucin with a
signet-ring appearance. In addition, the cells might be
disposed in a concentric (targetoid) fashion around benign
ducts. In humans, ILC is usually accompanied by in situ
lobular lesions as in lobular carcinoma in situ (157).

ILC has recently been described in three dogs
(127) and neoplastic cells in the primary lesions were
immunohistochemically positive for cytokeratin and
CK34BE12, but negative for E-cadherin. In two dogs,
subcapsular and medullary sinuses of lymph nodes were
infiltrated by rounded cells morphologically similar to
those of the primary tumor. However, it was difficult to
distinguish these from sinusoidal macrophages as
described for human patients (157). Pulmonary metastases
were evident in two dogs after 63 and 80 days from first
diagnosis.

Pleomorphic lobular carcinoma

Pleomorphic lobular carcinoma in humans is
recognized as a variant of invasive lobular carcinoma (136,
137). The prognosis is unfavorable owing to their
aggressiveness, and affected patients have a short survival
time (45). In the dog, this histological type was first
described in 2002, by considering the cytomorphological
and immunohistochemical similarities with breast lesions
in women (28).

Microscopically, tumor epithelial cells are
dispersed in the stroma or arranged in a linear pattern
exhibiting an irregular cell outline, abundant eosinophilic
cytoplasm, pleomorphic and eccentric nuclei (136) (Figure
5D). Cytoplasmic vacuoles are often present and are easily
stained with PAS (Periodic Acid Schiff) (28). Using
immunohistochemistry they can be characterized by high
cellular proliferation (KI-67), and CAM 5.2 positivity
associated with loss of expression of the progesterone
receptor, p53 and c-erbB2 (28). The absence of E-cadherin

expression at the plasma membrane is an important finding
for the characterization of this histological type (163).
Positivity in the cytoplasm for this molecule represents an
abnormality in its expression pattern (28).

Secretory carcinoma

Secretory carcinoma is a neoplasia that rarely
occurs in humans. In dogs the cytological, histological and
immunophenotypical findings have been reported.

From fine needle aspiration samples, isolated cells
are observed with round to oval shape and associated with
numerous clusters of neoplastic epithelial cells. The
nuclear chromatin is irregularly distributed with
fragmented nucleoli. The cytoplasm is abundant and clear,
with large secretory vacuoles that often displace the
nucleus to the periphery (23). Histopathological analysis
demonstrates an infiltrative carcinoma composed of cells
with clear cytoplasm and prominent vacuoles that displace
the nucleus to the periphery, resembling signet ring cells
(Figure 6A). The pattern of proliferation can be solid
and/or tubular containing eosinophilic secretion-filled
spaces (24, 136). Neoplasias producing extracellular and
intracellular content, as the lipid-rich carcinoma, rich in
glycogen and mucinous should be considered as a
differential ~ diagnosis  for  secretory  carcinoma.
Differentiation between the neoplasias can be made by
using Periodic Acid Schiff (PAS) staining associated with
treatment with the enzyme diastase. The intracytoplasmic
content of secretory carcinoma cells is PAS positive. In
contrast, cells that compose in the lipid and glycogen-rich
carcinomas are PAS negative. Alpha-lactalbumin is
resistant to diastase in a different way from that observed
for glycogen. Moreover, immunohistochemistry allows
investigators to  observe intracytoplasmic  alpha
lactalbumins that are produced by cells of the secretory
carcinoma (136, 155).

Mucinous carcinoma

This tumor is not well described in the veterinary
literature and is characterized by the presence of abundant
extracellular mucinous material (105). It is known as
gelatinous carcinoma, colloid, mucous or mucoid (134). In
humans, when the histological pattern is considered pure,
patients have a good prognosis as they present a long
survival time (118, 134). Studies evaluating the clinical
and pathological factors in dogs are scarce (11, 20, 106).
This histological type is characterized by proliferation of
epithelial cells that may compose arrangements in solid,
tubular or papillary structures with spaces filled with large
amounts of eosinophilic mucinous secretion reactive to the
PAS-staining in diastase and Alcian Blue (11, 106, 107)
(Figure 6B, C). At least 40% of its growth is composed of
the mucinous pattern and accumulation of mucin is located
predominantly in the intraductal component (134).
However, leakage of mucoid substance can occur from this
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Figure 5. (A) Invasive micropapillary carcinoma. H&E. 10x. (B) In situ micropapillary area. H&E. 20x. (C) Invasive
micropapillary carcinoma associated with invasive papillary carcinoma. Invasive micropapillary areas (arrows); Invasive
papillary area (arrow head). H&E. 10x. (D) Pleomorphic lobular carcinoma. H&E. 40x.

intraductal structure, characterizing invasive mucinous
carcinoma. If carcinoma-cells are present in mucoid
medium, the diagnosis of invasive mucinous carcinoma is
more appropriate (134).

Lipid-rich carcinoma

The lipid-rich carcinoma is considered a rare
variant of invasive ductal carcinoma of human breast
cancer and is extremely uncommon in dogs (53, 107).

The histological characteristic of the tumor is its
expansive growth. Tumor cells are arranged in solid nests
and cords separated by a moderate amount of stroma, they
have vacuolated cytoplasm and a round to flat nucleus.
Unique vacuoles that displace the nucleus to the periphery
(signet-ring cell) are common. The malignant diagnosis is
confirmed when more than 80% of the neoplastic cells are
lipid-producing cells. Atypical cellularity ranges from
moderate to high and lymphatic invasion can be observed.

To differentiate this tumor from other subtypes such as the
secretory carcinoma and the glycogen-rich carcinoma, the
use of "red oil O" and SUDAN 11l and 1V is advised for
staining intracytoplasmic lipid content on frozen sections.
Moreover, the neoplastic cells that constitute lipid-rich
carcinomas are PAS negative, unlike the case of secretory
carcinoma (53, 120).

Immunohistochemical analysis with cytokeratins
of various molecular weights and alpha actin yields varied
results among affected dogs (53, 120).

Squamous cell carcinoma

This carcinoma is composed of cells in a solid
arrangement in the form of sheets or cords with areas of
squamous differentiation (Figure 6D). Basaloid cells are
predominant in the periphery of the tumor. The center of
more differentiated tumors consists of keratin layers,
forming so-called keratin pearls. Many of these tumors are
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highly infiltrative and lymphatic invasion is common.
These should be distinguished from squamous cell
carcinomas derived from the skin and appendages. This
tumor is not common in dogs (20, 107).

Spindle cell carcinoma

The spindle cell carcinoma is an uncommon
carcinoma subtype in dogs (107). Histologically, it is
characterized by proliferation of spindle cells arranged in
bundles, sometimes featuring a circular pattern. The tumor
cells are characterized by an eosinophilic cytoplasm, often
vacuolated and with oval vacuolated nuclei with
fragmented chromatin. The confirmation of diagnosis
requires that at least 80% of the tumor exhibits features of
this subtype of carcinoma. The main differential diagnosis
is fibrosarcoma. In spindle cell carcinomas multiple
clusters of neoplastic cells are observed separated by
reticular fibers, in fibrosarcomas the fibers are arranged
between individual cells (16, 88, 136).

For confirmation of this neoplasia the use of
immunohistochemical techniques and specific antibodies
against proteins of mesenchymal (vimentin) and epithelial
cells (cytokeratin) is recommended. The positive staining
for cytokeratin confirms the epithelial origin of the
neoplasia, discarding the occurrence of mesenchymal
neoplasias such as fibrosarcoma. Moreover, for
histogenetic study of the neoplasia, myoepithelial cell
markers (alpha smooth muscle actin, p63 and S100) can be
used (17).

Anaplastic carcinoma

This histological type is reported in dogs and is
considered to have the worst prognosis because the
affected female dogs present early recurrence and
metastasis, which confirms its aggressiveness (95, 107).

These tumors are diffusely infiltrative and are
characterized by atypical epithelial proliferation, without
delineated arrangements, with individual cells invading the
reactive, loose and abundant stroma (105, 107) (Figure
6E). The cells are large, anaplastic, with bizarre nuclei,
fragmented chromatin and single or double prominent
nucleoli (95). The mitotic index is high, with many
atypical figures. Some cells may be multinucleated (95).
Areas of invasion by neoplastic cells in blood and
lymphatic vascular structures are observed. Intense
inflammation is a strong feature of this tumor (105). Its
distinction from inflammatory lesions can be difficult;
therefore, the use of immunohistochemistry with specific
antibodies (keratin to mark cancer cells and specific
markers for histiocytes, such as lysozyme and a-1-trypsin)
is recommended (107). Anaplastic sarcomas are frequently
mistaken for this histological type. Therefore, vimentin
expression and other muscle cell markers such as desmin,
are useful for this distinction (107).

Mammary neoplasias with sebaceous differentiation

Mammary neoplasias may present different types
of tissue differentiation in humans and dogs including
bone, hematopoietic tissue and squamous epithelia (75,
107). However, sebaceous differentiation is rarely reported
in mammary tumors in these species and its true
importance is currently unknown. In human medicine, the
World Health Organization classification for breast tumors
has recognized it as a distinct subtype of invasive breast
carcinomas (157). However, the presence of sebaceous
morphology and other neoplasia components are highly
variable among the reported cases, which makes
classification criteria of mammary sebaceous carcinoma
ambiguous. There is only one documented case in
veterinary literature (33) in which two tumors were
observed in the left inguinal mammary gland, both grossly
presented as whitish to light brown multilobulated and
superficially ulcerated masses. Microscopically, cells with
abundant foamy cytoplasm resembling sebocytes were
located within intraductal papillary-like nests of mammary
carcinoma, suggesting sebaceous differentiation. In
addition, large areas of a solid invasive sebaceous
component were observed surrounding small-sized
intraductal papillary neoplastic nests. Prognosis was
guarded, since lymphatic spread was detected and the
patient died three months after diagnosis.

Histochemically, the sebocyte-like cells are
negative for PAS, Alcian Blue and mucicarmine stains;
however, Oil Red O provides a positive staining pattern. In
addition, immunohistochemical detection of adipophilin
could be used in paraffin-embedded tissues to achieve a
more accurate diagnosis (110).

Myoepithelial neoplasias
Malignant Adenomyoepithelioma

This is a malighant tumor that consists of the
proliferation of epithelial and myoepithelial cells.
However, there is no evidence of myxoid matrix.
Differentiation ~ from  well-differentiated = complex
carcinomas and complex adenomas may be difficult. The
absence of a capsule, presence of necrosis and atypia and
high mitotic activity, support the diagnosis (20).

Sarcomas
Fibrosarcoma

These are malignant tumors of fibroblast cells
with variable amounts of collagen. Such tumors are
composed of spindle-shaped cells that produce collagen
and are arranged as reticular fibers. The fibers can be
arranged in parallel or disorganized. Fibrosarcomas and
osteosarcomas are the most frequently encountered
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mammary sarcomas in the dog (20).
Osteosarcoma

This is a sarcoma characterized by osteoid and/or
bone formation by neoplastic cells. These sarcomas are
non-combined (pure) or combined. The combined tumors
are composed of osseous and cartilaginous malignant
tissues. Pleomorphism and mitotic activity are usually
prominent. However, the combined sarcomas and their
metastases can be highly differentiated. Osteosarcomas
occur predominantly in the dog (20).

Carcinosarcoma

These are rare tumors in women and have a poor
prognosis compared with other types of carcinomas (159).
In the dog, clinical and pathological features resemble
those described in humans. The histological characteristics
of this type are extremely variable and it was previously
described as a malignant mixed tumor of the mammary
gland (106). These tumors grow rapidly. Macroscopically
they are often well delineated with a firm to bony cut
surface (105). They are composed of cells that
morphologically resemble epithelial cells (luminal
epithelium and/or myoepithelial) and they present with
various types of differentiation including adeno-, solid,
squamous, mucinous and anaplastic, and sarcomatous
areas with fibro-, chondro-and osteomatous differentiation
(106) (Figure 6F). Metastases are of mixed type,
sarcomatous or carcinomatous (106).

Sarcoma in mixed tumor

These are tumors with mesenchymal malignant
cell foci or distinct nodules in benign mixed tumors. The
criteria for malignancy evaluation of the mesenchymal
component of mixed tumors are the same as for sarcomas,
which take into account cellularity, cytological atypia and
mitotic index (57). Unlike carcinomas in mixed tumors,
which are very frequent, the sarcomatous transformation in
benign mixed tumors is very rare.

Other sarcomas

Pure  chondrosarcoma, liposarcomas  and
hemangiosarcoma are very rare but when present in the
mammary gland they have morphological features similar
to those observed in other organs (107).
3. PROGNOSIS
Prognostic and predictive markers

Prognostic factors can be defined as one or more

specific clinical, pathological or biological characteristics
of individuals and their tumors that permit prediction of

clinical outcome and survival of patients without
subjecting them to additional and adjuvant therapies after
initial surgery (32). Otherwise, the evaluation of predictive
markers allows the selection of patients for specific and
individualized treatments (100).

The study of prognostic factors is of utmost
importance, as it enables the behavior and clinical outcome
of mammary gland neoplasias to be predicted using
individualized therapeutic protocols with appropriate
intensity and effectiveness (1, 36, 102, 170). In mammary
tumors of female dogs, they are useful for studies
concerning comparative pathology, and the search for
experimental models for research (161).

In women's breast cancer, various clinical and
pathological factors such as tumor size, lymph node
involvement, histological type and grade are traditionally
evaluated for clinical staging and prognosis. Currently,
veterinary oncologists seek information concerning the
histological variant of the tumor and other prognostic
indicators (61). In this respect, the determination of mitotic
index, a parameter measured in the histological grading
system of Nottingham modified by Elston and Ellis (1998)
(50), is an interesting prognostic tool for estimating cell
proliferation in canine mammary tumors. The advantages
of assessing the mitotic index include the fact that it is
cost-effective, applicable to most histological types and
can be performed on sections of formalin-fixed tissues, and
demonstrates significant association with the Ki-67 label
index (47).

Molecular markers have been evaluated as
information sources for prognosis and to predict the
behavior of various types of cancers in humans and
animals. Hormone receptors (estrogen receptor - ER and
progesterone receptor - PR), COX-2, a marker of the tumor
proliferative index (Ki-67), a marker of angiogenesis
(CD31), epidermal growth factor (EGF), adhesion
molecules (E-cadherin and B-catenin), Her-2 and p53 are
examples of prognostic markers evaluated in canine
mammary tumors using immunohistochemistry (19, 42,
61, 67, 91, 92, 98, 102, 128, 158, 170, 171).

Estrogen, progesterone and epidermal growth
factor receptors have been identified in female canine
mammary tumors and there is coexistence of these
receptors in the same neoplasia (105). It is believed that
there is an inverse relationship between the number of
hormonal receptors and the proliferative capacity of the
neoplastic cells (19, 34, 69). The analysis of hormone
receptors, COX-2 and KI-67 expression should be
incorporated into the routine as it is associated with the
indication of specific therapeutic protocols. In dogs,
similar results to those described in women were observed
in terms of increased expression of Ki-67
(immunohistochemical marker of cell proliferation) in
malignant mammary tumors, particularly in less
differentiated cancers, and by the inverse correlation with
immunostaining for progesterone receptor (19).

Cyclooxygenase-2 (COX-2) is a potential marker
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Figure 6. (A) Secretory carcinoma. H&E. 40x. (B) Mucinous carcinoma. H&E. 40x. (C) Mucinous carcinoma. PAS. 40x.
(D) Squamous cell carcinoma. H&E. 10x. (E) Anaplastic carcinoma. H&E. 40x. Carcinosarcoma. H&E. 10x.
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for mammary cancer in women and dogs as its expression
is higher in tumors with poor prognosis. It is inversely
correlated with the overall survival rate, which changes the
prognosis (92, 129). Some studies correlate the high
expression of COX-2 to malignancy, increased
proliferative capacity of neoplastic cells, decreased
apoptotic rate and neovascularization, factors that increase
the metastatic potential of the tumor cells (46).

High levels of angiogenic factors and histological
evidence of increased tumor neovascularization detected
by measuring the density of microvessels has been
described as being of important prognostic value in human
medicine for various solid tumors (149). Other factors such
as reduction or loss of E-cadherin and f-catenin expression
are associated with lower tumor cell differentiation,
invasiveness and metastasis to regional lymph nodes (11),
directly influencing prognosis (67).

Several studies demonstrate that HER-2 protein
over-expression correlates with shorter survival, shorter
disease-free periods and poor prognosis in humans (121,
149). Furthermore, mutations in the p53 gene are frequent
in malignant mammary tumors of the dog and are
associated with tumor progression (162).

Tumor markers are mostly normal cellular
metabolism products that have increased production due to
malignant transformation. These markers indicate
malignancy and are characterized by substances present in
the tumor, blood or other fluids. The most widely used
serum markers in women breast cancer are cancer antigen
15.3 (CA 15.3) and carcinoembryonic antigen (CEA).
Campos et al. (2012) (15) demonstrated an association
between the presence of advanced mammary cancer in
female dogs and an increase in serum CA15.3 levels,
indicating a possible new serum tumor marker.

The identification of tumor markers is a valuable
method for predicting the behavior of the neoplasia and to
determine the prognosis of the disease. However, an
accurate prognosis of a canine patient with mammary
tumor can be difficult, since the biological behavior of
these tumors varies considerably. Therefore, in veterinary
medicine the increasing incidence and complexity of the
clinical outcome of mammary tumors in female dogs have
attracted special interest in the study of prognostic markers
and their standardization so that they can be used as
independent prognostic factors.

Evaluation of markers

The evaluation of immunostaining is variable and
dependent on the antibody. It can be quantitative,
qualitative or semi-quantitative.

The most commonly used antibodies for
immunohistochemical evaluation of mammary tumors are
the markers for hormone receptors (ER and PR) that allow
assessment of the degree of differentiation of the
neoplasia, and markers of cell proliferation (Ki-67) that
determine the rate of cell proliferation and specific

antibodies that are important for assessing the expression
of growth factor receptors (HER-2 and EGFR). Lower
survival was recently demonstrated for patients whose
tumors had a higher density of microvessels and increased
expression of Cox-2 (92).

Evaluation for ER and PR immunostaining is
based on the semi-quantitative analysis adopted by the
American Society of Clinical Oncology / American
College of Pathology (ASCO / ACP). In this system,
specimens are scored as positive when more than 1% of
tumor cells present nuclear staining (76).

Evaluation of Ki-67 staining (clone MIB-1)
should be considered using a high magnification field
(40X) and tumors are ranked as a high proliferative index
(more than 25% labeled nuclei), intermediate proliferative
index (between 10% to 25% of labeled nuclei) or low
proliferative index (less than 10% labeled nuclei) (86).
Pefia et al. (1998) (116) applied this cutoff and reported an
association between high values of Ki-67 and high risk of
metastasis.

Cox-2 label analysis is semi-quantitative and the
distribution score is estimated by the percentage of positive
cells in five fields of high magnification (40x). For all
tumors, a value of distribution between 0 and 4 is obtained,
where 0 means 0%, 1 means less than 10% of cells labeled,
2 for 10 to 30%, 3% for 31 to 60 and 4 over 61% of
labeled cells. Values for the intensity of staining are given
from 0-3, where 0 means no labeling (-), 1 is equivalent to
weak labeling (+), 2 for moderate labeling (+ +) and 3 for
strong intensity (+ + + ). The final score ranges from 0 to
12 and is obtained by multiplying the intensity and
distribution values (46, 78).

For HER-2 and EGFR, the semi-quantitative
method proposed by the American Society of Clinical
Oncology/American College of Pathology (ASCO/ACP)
(7, 167) is used. The sample is considered negative with
scores of 0 to 1+, indeterminate with a 2+ score and
positive for 3+ score. The score 0 is characterized by
absence of labeling of the cytoplasmic membrane; 1+
when membrane labeling is weak and incomplete in any
proportion of tumor cells, 2+ when labeling is complete,
uneven and of low intensity in more than 10% of tumor
cells or complete and intense membrane labeling of 30%
or less of tumor cells; 3+ for more than 30% of complete
uniform and intense membrane labeling in tumor cells.

4. TREATMENT

Surgery

Surgery is the first-line treatment for canine
mammary tumors, except for inflammatory carcinoma
(107). It is considered the most effective therapy for
disease regional control (146). Thus, the complete surgical
removal of localized tumors without metastatic
involvement is the therapeutic procedure with highest
probability of cure. Surgical excision also allows
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histopathological examination increases survival time and
patient’s quality of life (42). Surgical excision may be
curative in dogs with stage | of the disease and small
tumors, non-invasive and well differentiated carcinomas.
Dogs with large and high grade tumors, with a greater
chance of metastatic development may benefit from
additional therapy (146).

The lymphatic system is considered the main
route for metastasis of malignant tumors of the mammary
gland in dogs. It is important that the surgeon has
knowledge concerning lymphatic drainage of canine
mammary tumors so that the surgical excision can be
performed adequately and an accurate prognosis is
determined (115).

Patsikas et al. (2006) (115), studying the
lymphatic drainage of neoplastic mammary glands,
reported that thoracic cranial and caudal breasts drain
toward the ipsilateral axillary lymph nodes. The abdominal
cranial breast drains mainly into the axilary lymph node,
but simultaneously into the ipsilateral superficial inguinal
lymph node. The caudal and inguinal abdominal glands
drain into the ipsilateral superficial inguinal lymph node.
Furthermore, they report that lymphatic connections
between neoplastic and normal adjacent mammary glands
are rare but can occur. Therefore, the use of patent blue as
mentioned above is recommended.

Therefore, the extent of surgery depends on the
patient stage, lymphatic drainage, size and location of
lesions. Lumpectomy must be considered for the removal
of single solid superficial non-adherent small tumors, at
most 0.5 cm. Larger lesions implies the need to remove the
entire gland. Mammectomy or simple mastectomy is
indicated for lesions up to three centimeters, affecting only
one gland whilst regional mastectomy or in block resection
is indicated for the removal of lymphatic connections of
glands affected by lesions larger than three centimeters
(10, 147). In this case, it is important to ensure the removal
of the whole tissue interposed between the mammary gland
and lymphatic drainage (108). The removal of cranial
abdominal gland during regional mastectomy may be
necessary in order to obtain adequate surgical margins or
for lesions up to three centimeters located in this gland.
Radical mastectomy consists in the removal of a unilateral
mammary chain, when lesions larger than three
centimeters affect the cranial abdominal gland. Regional
and radical mastectomies may also be performed on
patients with multiple lesions, to obtain a single surgical
wound through a single incision and resection of mammary
tissue (80, 147).

The inguinal lymph nodes must be resected in
bloc, along the inguinal mammary gland, whenever this
gland is removed or, by the same way as axillary lymph
nodes, when changes in their shape, volume or consistency
are observed or if a more accurate evaluation of lymph
nodes is desired (147).

Palliative surgery in patients with mammary
tumors aims at improving the quality of life without

providing a cure or even influencing on prognosis. This
type of intervention is usually conducted from removal of
the primary tumor when the patient already has metastatic
lesions, providing relief from the direct effects of the
tumor, such as pain and bleeding, when it is ulcerated, or
even preventing ulcerations (39).

The advantages and disadvantages of extent and
conservative surgical procedures have been extensively
discussed. When studying the biological behavior of
canine mammary tumors, Gilbertson et al. (1983) (70)
indicated radical mastectomy as the optimal surgical
option. In the same year, Brodey et al. (1983) (10)
advocated individual treatments, in which the surgical
procedure should respect known lymphatic connections
and base itself on tumor location, number and size of
lesions and existence of skin or muscular adherences A
prospective study conducted by MacEwen et al. (1985)
(97) with 144 dogs, did not find any difference between
the recurrence rate and the survival time when the single
mastectomy was compared to chain mastectomy. However,
Stratmann et al. (2008) (153) described radical mastectomy
as the best surgical option, regardless of the number and
the size of lesions. Authors reported a greater probability
of new tumor growth ipsilateral to the first surgery,
although statistical significance was not assessed. Another
study with 143 non-spayed dogs submitted to different
surgical techniques according to well-established
prognostic factors, no significant difference was found
regarding recurrence or new lesion development (80).

Aggressive procedures, or prophylactic surgery,
by means of a unilateral or bilateral mammary strip, can, of
course, prevent mammary neoplasia developing in the
future and may benefit a small number of patients,
especially intact young dogs, with multiple lesions (147).
This is, however, an extremely invasive procedure with
significant risk of perioperative complications (124).
Conservative approaches, based on well-established
prognostic factors, may favor a better postoperative
recovery in respect to these patients’ quality of life,
without any prejudice related to tumor control.
Nevertheless, further investigations are required to assess
the efficacy of more aggressive surgical technigues in
patients with particular histological and prognostic
features.

Chemotherapy

Women diagnosed with breast cancer are
commonly treated with chemotherapy in an adjuvant
setting to try to prevent or delay the development of
metastasis in more aggressive cases. Additionally,
neoadjuvant chemotherapy may be indicated for large
tumor burdens and/or metastatic disease. Although
adjuvant chemotherapy has been routinely used in dogs
with malignant mammary gland tumors as an adjuvant
therapy, there is limited information regarding the use and
efficacy of chemotherapy in dogs with this disease (146),
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mainly due to limited number of prospective studies. For
this reason, there is no standard recommendation for the
use of chemotherapy.

The toxicity of chemotherapeutic agents does not
specifically target oncocytes; all of the patient’s cells with
high mitotic indices, including the normal ones, are
affected. The most common side effects of antineoplastic
agents are myelosuppression, gastrointestinal disorders,
and alopecia (133). Karayannopoulou et al. (2001) (84)
demonstrated that the combination of 5-fluorouracil (150
mg/m2) and cyclophosphamide (100 mg/m2), when
administered on the same day weekly for four weeks, was
well tolerated and exhibited a positive influence on the
disease-free interval and survival time in dogs with
complex carcinomas and carcinosarcomas. Marconato et
al. (2008) (99) compared the time to local recurrence
(TTR), time to distant metastases (TTM), and overall
survival (OS) in a group of dogs with aggressive mammary
carcinomas (simple carcinoma, squamous cell carcinoma,
sarcoma, carcinosarcoma) treated with either surgery alone
or in combination with adjuvant gemcitabine. Weekly
adjuvant gemcitabine given at a dose of 800 mg/m2 for at
least four cycles was safe but did not result in any
improvement in TTR, TTM, or OS when compared with
surgery alone in dogs with aggressive mammary
carcinomas. Lavalle et al. (2012) (93) demonstrated that
animals treated with carboplatin, with or without Cox-2
inhibitors, had a statistically significant longer overall
survival when compared with animals submitted
exclusively to surgical treatment, indicating that this
chemotherapeutic agent is beneficial for the treatment of
malignant mammary gland neoplasias.

The protocols proposed in the literature consist of
the use of doxorubicin associated with cyclophosphamide
or the use of cisplatin or carboplatin as single drugs, but
further studies are required to determine an efficient
protocol for canine mammary tumors (39, 93, 108, 112,
147). The following protocols are also described in the
literature:

Protocol: Doxorubicin and Cyclophosphamide

Day Doxorubicin Cyclophosphamide

1 X

3rd/4thysth/gth X

22nd Repeat this cycle, every 21 days, 3 to 6
times total.

Posology

Doxorubicin: 30mg/ m? IV or 1mg/ kg/ IV (for dogs

weighing less than 10kg).

Cyclophosphamide: 50mg/ m?/ oral

Protocol: Gemcitabine and Carboplatin

Day Gemcitabine Carboplatin

18 X X

g X

22nd Repeat this cycle, every 21 days, 3 to 6
times total.

Posology

Gemcitabine: 200mg/m?/I1V, for 20 minutes, 4 hours
before carboplatin.
Carboplatin: 10mg/kg /IV, for 20 minutes.

Protocol: Carboplatin

Day Carboplatin

15t X

22nd Repeat this cycle, every 21 days, 3 to
6 times total.

Posology

Carboplatin: 250 to 300mg/ m?%/ 1V, every 21 days.

Protocol: Doxorubicin and Carboplatin (more appropriate
in case of carcinosarcomas)

Day Doxorubicin Carboplatin

1nd X

15t X

22 Administrate the drugs interchangeably
every 2 or 3 weeks, totalizing 3
administrations of each one.

Posology

Doxorubicin: 30mg/ m? 1V ou 1mg/ kg/ 1V (for dogs
weighing less than 10kg).
Carboplatin: 250 to 300mg/ m?%/ 1V, every 21 days.

With occurrence of metastasis in the lung
parenchyma or other organs, the treatment of choice is
antineoplastic chemotherapy, and the use of paclitaxel has
proved to increase survival in some cases (132).

Day Paclitaxel

1t X

22nd Administer the drug every 21 days, 3
to 6 times total.

POSOLOGY
Paclitaxel: 170mg/ m? 1V or 5mg/ kg/ IV

Pre-medicate patients with dexamethasone and
diphenhydramine three days before and after
chemotherapy infusion to minimize the occurrence of
hypersensitivity reactions.
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After histopathological evaluation, patients
diagnosed with solid carcinomas, micropapillary
carcinomas, anaplastic carcinomas and carcinosarcomas
should undergo chemotherapy even when lymph node or
lung metastasis is not evident. Chemotherapy is
recommended for patients with metastasis regardless of the
histological type of tumor.

Monitoring of patients should occur every three
months in the first year after chemotherapy and every
semester during the second year until completion of a two
year period.

Cox inhibitors

Increased Cox-2 expression in canine mammary
tumors has been associated with more aggressive tumors
and a worse prognosis. Heller et al. (2005) (78) observed
50% immunostaining for Cox-2 in the analyzed tumors and
higher staining in anaplastic carcinomas compared with
adenocarcinomas. Lavalle et al. (2009) (92) observed that
increased expression of COX-2 was associated with a
worse prognosis and shorter survival time, and suggested
that the use of COX-2 inhibitors may be an alternative in
the treatment and control of advanced neoplastic disease of
the mammary gland in female dogs.

Souza et al. (2009) (150) demonstrated strong
COX-2 expression in inflammatory carcinomas and
submitted these patients to treatment with piroxicam. An
improvement in clinical conditions and increased survival
of the treated animals was observed.

The use of Cox-2 inhibitors (firocoxib) is
conditional upon completion of immunohistochemical
analysis (score > 6) and confirmed Cox-2 positivity,
reinforcing the use of immunohistochemistry for Cox-2 as
a predictive factor for mammary cancer in dogs (92).

POSOLOGY

Firocoxib: 5mg/ Kg/ oral — every 24 hours

Administration for 6 consecutive months, with monthly
evaluation of renal function and hemogram.

Inflammatory carcinoma

In inflammatory carcinomas, as surgical neoplasia
resection is not recommended, therapies that promote the
effective control of pain associated with antineoplastic
chemotherapy are indicated. Piroxicam at a dose of 0.3
mg/kg/oral every 24 hours or 0.5 mg/kg orally every 48
hours, has provided increased survival of dogs with
inflammatory carcinoma (150). The administration should
last as long as possible, and if the patient can tolerate the
treatment it should last between three to six months.
Another option for chemotherapy for this neoplasia is the
combination of docetaxel and piroxicam. Recently, a new
alternative treatment has been proposed using firocoxib

5mg/kg/oral every 24 hours in an attempt to provide
clinical improvement (14).

Protocol: Docetaxel and Piroxicam

Day Docetaxel Piroxicam
1t X Every day of the
cycle
22nd Repeat this cycle, every 21 days, 3 to 6
times total.
POSOLOGY

Docetaxel: 30mg/ m?/ 1V, every 21 days.

Pre-medicate patients with dexamethasone and
diphenhydramine three days before and after
chemotherapy infusion to minimize the occurrence of
hypersensitivity reactions.

Piroxicam: 0,3mg/kg /oral/SID or 0,5mg/ kg/oral, every
48 hours.

Hormone therapy

According to Sorenmo (2003) (146), most
mammary tumors in female dogs (both benign and
malignant) expressed ER. Benign epithelial tumors and
well-differentiated carcinomas often demonstrate positivity
for ER, whereas poorly differentiated and anaplastic
tumors tend to be negative for this hormone receptor (142,
61). Furthermore, dogs diagnosed with carcinomas positive
for this receptor exhibit a higher survival rate (101).

The presence of hormone receptors in the
mammary tumors of female dogs suggests that hormone
therapy may be an alternative treatment for this species, as
is the case in human medicine (146, 156). It is necessary to
explore the anti-estrogenic therapeutic benefit in veterinary
medicine by conducting studies using appropriate
methodology and clinical follow-up.

With respect to ovariohysterectomy (OH),
Fonseca and Daleck (2000) (64) performed an extensive
literature review and concluded that the development of
mammary tumors in female dogs is an event programmed
in the first years of life and is not influenced by the
suppression of hormone stimuli at maturity. Steroid
hormones play a relevant role in the pathogenesis of
mammary neoplasias in dogs, similar to the case in
humans. Early OH appears to be the only method of
preventing the hormonal variability that occurs during the
estrous cycle, which undoubtedly influences the
development of these tumors. The classic study by
Schneider et al. (1969) (139) demonstrated the protective
effect of total hysterectomy with bilateral salpingo-
oophorectomy (HSO) based on the number of estrous
cycles exhibited by female dogs before surgery. When
HSO was performed at the first estrus, the risk of
mammary tumors was 0.5%; the risk increased to 8% and
26% when sterilization was performed after the second and
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third estrous cycles, respectively. There is no consensus in
the literature as to the protective effect of HSO when it is
performed after the onset of cancer. OH at the time of
surgical excision of the breast tumor in female dogs has no
protective effect on the appearance of new tumors,
metastases, or on the extension of life span. Most authors
believe that HSO exerts no protective effect after the third
estrous cycle independent of the presence of cancer (58,
108, 139, 147, 168).

The best time to perform HSO is currently under
study, taking into consideration not only the prevention of
mammary tumors but also the benefits and systemic
consequences associated with the endocrine suppression
induced by early spaying, especially the long-term one
effects. The action of estrogen in the pre-pubertal stage
interferes with the development of bones, muscles, sexual
organs and the immune system, in particular. Riva et al.
(2013) (131) observed that Golden Retriever dogs spayed
in the pre-pubertal stage exhibited delayed epiphyseal plate
closure and increased predisposition to musculoskeletal
disorders, ruptured cranial cruciate ligament, and hip
dysplasia, in particular, due to hypoestrogenism. Thus,
spaying immediately after the first estrous cycle is an
option that should be taken into consideration.

It is suggested that spayed dogs suffering from
hormone receptor positive tumors can be treated with
tamoxifen (0.8 mg /kg), but confirmatory studies are
required (156).

Ovarian ablation, aromatase inhibitors, and
tamoxifen are some treatment options in women with
breast cancer characterized as endocrine responsiveness.
Such therapies are known as endocrine therapies (ET) and
are effective in improving disease-free and overall survival
(72). In canine mammary gland neoplasias, the authors
believe that ET may be considered as an important
treatment option in dogs that present primary tumors
and/or metastasis positive for hormonal receptors (through
immunohistochemical positivity for ER and PR). Due to
lack of studies on other therapy modalities, the most
important type of ET for dogs remains as
ovariohysterectomy.

5. CONCLUDING REMARKS

According to the available literature the use of
TNM clinical staging criteria and evaluation of classic
morphological prognostic factors (tumor size, mitotic
count, histological grade and type, and lymphatic
involvement), well established for humans, are useful in
assessing the prognosis of female dogs with mammary
carcinomas. Therefore, the diagnostic criteria should be
improved and standardized, and continued investment in
the study of prognostic and predictive markers is needed so
that these factors are employed routinely by veterinary
pathologists and provided to physicians and surgeons in an
attempt to achieve appropriate treatment planning so that
new treatment options and longer survival for these

patients can be established. The aim is not to submit
patients to unnecessary aggressive treatments or to fail to
treat those who would benefit. The animal’s quality of life
should always be prioritized.

This 1l Consensus has taken one step further
towards standardizing criteria regarding the diagnosis and
treatment of canine mammary tumors. As affirmed by
Lipscomb (2012) (94), “If groups of experts from not only
oncology and pathology, but all the many fields of
veterinary diagnosis, treatment and research will take it
upon themselves to apply their knowledge and experience
in a framework of evidence-based medical principals to
devise recommendations for studies in their specialties, a
new era of veterinary medical progress will begin”.
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