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Benign mammary lesions

Classification
Even though benign mammary lesions are
much less common in cats than malignant
lesions, they are an important consideration in
the differential diagnosis of feline mammary
gland masses.11 Benign mammary lesions in
cats include both neoplastic and non-
neoplastic lesions. The former comprise duct
papilloma, simple and complex adenomas,
fibroadenomas and benign mixed tumors. The
latter include cysts, duct ectasia, focal fibrosis,
and two types of non-inflammatory hyper -
plasia (ductular and lobular).12 Lobular hyper-
plasia is further categorised into three 
subtypes – epithelial hyperplasia, adenosis
and fibroadenomatous hyperplasia (see right).

Benign neoplasms
Prevalence, incidence and signalment
Approximately 10–20% of feline mammary
masses are benign.13,14 In a large-scale review
of feline diagnoses over a 10-year period, five
out of 55 feline mammary tumors were
benign neoplasms.10 The affected animals
were all intact females; two were 1 year old,
and the others were 4, 7 and 9.5 years old.

Morphological  c lassi f icat ion

Benign neoplasms
✜ Duct papilloma

✜ Simple adenoma

✜ Complex adenoma

✜ Fibroadenoma*

✜ Benign mixed tumors

Non-neoplastic lesions
✜ Cysts

✜ Duct ectasia*

✜ Focal fibrosis*

✜ Non-inflammatory hyperplasia:

– Ductal

– Lobular (epithelial hyperplasia, adenosis, 

fibroadenomatous hyperplasia*) 

a b

FIG 1 (a) The four pairs of mammary glands in the cat, with their associated lymph nodes and lymphatic drainage. (b) Venous drainage of the
mammary glands 

Feline benign mammary lesions

*Most frequently seen lesions in the domestic cat
Adapted from Misdorp et al (1999)12
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Duct papilloma, adenomas and benign mixed
tumors are rare benign neoplasms in cats.12,15

Non-neoplastic lesions
Prevalence, incidence and signalment
Lobular hyperplasia (notably fibroadenoma-
tous hyperplasia) and duct ectasia are the
non-neoplastic lesions that arise most fre-
quently in the feline mammary gland. 

Fibroadenomatous hyperplasia is usually
seen in young, sexually intact queens at the
time of puberty or in pregnant cats that 
are under the influence of luteal progesterone
(see box below).16 However, it has been
described in male and female cats, neutered or
intact and of any age, as well as in older preg-
nant queens (9–12 years old).17–20 

Cysts are non-neoplastic lesions that are
rarely seen in cats. Focal fibrosis, another type
of non-neoplastic lesion, is usually seen in
association with lobular hyperplasia and duct
ectasia.12

Pathology and natural behavior 
Fibroadenomatous hyperplasia is histological-
ly characterized by rapid and abnormal prolif-
eration of stroma and duct epithelium of one
or more mammary glands (Fig 2).16,23 In cases
of u ectasia there is total transformation of the
mammary gland into a spongy mass. 
The ectasia can affect the ducts as well as the
terminal ductules, intralobular ductules and
acini.15 This lesion may sometimes be accom-
panied by lobular hyperplasia. 

Pathology and natural behavior
Fibroadenoma is a common benign lesion in
cats and can involve one, several or all of the
mammary glands.15 This tumor is composed
of a mixture of luminal epithelial cells and
stromal cells, sometimes together with
myoepithelial cells. There are two subtypes of
fibroadenoma – pericanalicular and intra-
canalicular.12,15

FIG 2 Histopathologic appearance of feline fibroadenomatous hyperplasia. There are sparse
branching ducts within an abundant fibrous stroma of the mammary gland. Hematoxylin and
eosin stain. Bar = 500 µm

Unless the clinician has a strong suspicion of fibroadenomatous hyperplasia, 

female cats with nodular and non-nodular masses must receive a complete work-up.

Fibroadenomatous hyperplasia is the only non-tumoral lesion in cats for which the etiology and patho-
genesis has been studied.13 The presence of progesterone and estrogen receptors in feline hyperplastic
mammary glands suggests that both hormones are involved.16,21,22 The lesion, which represents an exag-
gerated proliferative response of mammary glandular tissue, may develop: 
✜ In pregnant or pseudopregnant queens. In these animals, the mammary tissue shows an exaggerat-
ed response to endogenous progesterone.21

✜ In cats receiving prolonged megestrol acetate or medroxyprogesterone acetate therapy. These syn-
thetic progestational compounds, which have an activity 25 times greater than that of endogenous prog-
esterone,17 are used as contraceptives in females, and for skin or behavioral problems in both sexes. 
If these hormones are administered when endogenous levels of progesterone are increased, such as 
during pregnancy or pseudopregnancy, the response of progestin-sensitive mammary tissue can be
exacerbated, resulting in fibroadenomatous hyperplasia.18

✜ In cats receiving progestational compounds when endogenous levels of estrogen are increased. 
As estrogen induces the synthesis of intracellular receptors for progesterone, high estrogen levels
(including during the follicular phase of the estrous cycle and puberty) increase the sensitivity of mam-
mary tissues to progestational hormones, generating an exaggerated response in the mammary gland.18

Etiology of  f ibroadenomatous hyperplasia
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Clinical presentation
Some benign lesions have a characteristic pres-
entation in cats; others present as mammary
enlargement that can be differentiated only
through histological examination. Adenomas
in the cat manifest as small, solitary, circum-
scribed, firm nodules, while cysts may be felt
in one or more glands as finely beaded or
nodular areas.14,24 However, cats with fibroade-
nomatous hyperplasia have the most typical
presentation of one or multiple enlarged 
mammary glands, without milk production.25

The mammary glands may be edematous,
painful and sometimes so large that they
impair walking (Fig 3). Ulceration can also
occur.26 Possible systemic signs include tachy-
cardia, lethargy and anorexia.27 

Diagnosis
Unless the clinician has a strong suspicion of
fibroadenomatous hyperplasia, female cats with
nodular and non-nodular masses must receive a
complete work-up (see later discussion on the
diagnosis of malignant mammary tumors). 

By contrast, the diagnosis of fibroadenoma-
tous hyperplasia in the cat is based on gross

FIG 3 Clinical appearance 
of mammary hyperplasia.
Courtesy of Stein Memorial
Feline Image Collection and
Washington State University,
College of Veterinary Medicine.
Database: http://imagedb.
vetmed.wsu.edu/

appearance, patient signalment and history.28

On presentation of a young cat with mamma-
ry enlargement, palpation and/or abdominal
ultrasound should be undertaken to rule out
pregnancy.25 If the queen is not pregnant, 
hormone assays are helpful as they will reveal
high levels of progesterone, consistent 
with fibroadenomatous
hyperplasia.18 In
spayed female cats
with mammary
hyper plasia the 
possibility of
ovarian rem -
nant syndrome
should be
investigated
(see right). 

If fibroadeno-
matous hyper-
plasia cannot be
diagnosed, further
consideration should be
given to a malignant process and a complete
work-up undertaken as soon as possible 
(see later). 

Fibroadenomatous hyperplasia
Fibroadenomatous hyperplasia is characterized by aggressive
and rapid swelling of the mammary glands, with progression to
necrosis if left untreated. However, in some cases, fibroadeno-
matous hyperplasia in pregnant or non-pregnant luteal phase
queens can regress after parturition or luteolysis.30

Ovariectomy is an option that will be curative in queens with
fibroadenomatous hyperplasia, but has the  obvious disadvantage
of irreversible loss of fertility. The hyperplastic lesions usually
regress within 3–4 weeks of surgery, but regression can take up to
5–6 months.20,26,27 Adjunctive treatments include systemic broad
spectrum antibiotics and
analgesics in animals with
extensive ulcerative skin
lesions over the mammary
glands.18 Care should be
taken not to use steroidal
drugs as analgesics.

Where lesions have been
caused by prolonged
administration of megestrol
acetate or medroxyprogesterone, the medication must be 
discontinued.20,26 Occasionally, removal of the progesterone
source or withdrawal of progestagens does not result in 
regression of fibroadenomatous hyperplasia and, in these cases, 
partial or total mastectomy is recommended.20 However, this 
surgery is invasive and, depending on the size of the mammary
masses, may be difficult to perform. For these reasons, 
surgery is generally not recommended in young queens. 

Antiprogestins have been proposed as an alternative treatment.25

The basis for their therapeutic activity is antagonism of the action of
progesterone at its intracellular receptor, thus inhibiting its growth-

stimulating effect.31 When treating intact cats, pregnancy must first
be ruled out because of the abortive effects of these drugs.32,33 Two
different protocols using the antiprogestin aglepristone (Alizine;
Virbac) have been reported. In a study by Wehrend et al,25 10 mg/kg
aglepristone (Alizine) was administered subcutaneously for 4–5 con-
secutive days. Five days after the first injection, mammary tissue
mass was significantly reduced, and involution was complete after
3–4 weeks. However, this treatment was not effective in those ani-
mals in which fibroadenomatous hyperplasia developed as a result
of the use of depot progestins.25 Gorlinger et al reported that admin-
istration of aglepristone (Alizine), at 20 mg/kg once a week until

complete remission was
achieved, was effective for
cats that developed fibro -
adenomatous hyperplasia as
a result not only of endoge-
nous progestagens but also of
exogenous progestagens.27

Due to the prolonged biologi-
cal effect of depot progestins,
longer antiprogestin treatment

is required until the effects of exogenous progestins subside. Thus
treatment of fibroadenomatous hyperplasia with antiprogestins has
proven to be a valuable, well-tolerated alternative to ovariectomy
with the major advantage of preserving fertility.

Other benign lesions
For any other type of benign mammary lesion, the mass should
be surgically removed. It is important to be aware that benign
lesions can subsequently undergo malignant transformation, 
and so clean margins must be obtained. After surgery the mass
should be submitted for histopathologic examination. 

Treatment of  benign mammary lesions

Treatment of fibroadenomatous hyperplasia

with antiprogestins has proven to be 

a valuable, well-tolerated alternative 

to ovariectomy, with the major advantage 

of preserving fertility.

Possible case of
ovarian remnant syndrome?

Diagnosis of ovarian remnant 
syndrome is based on confirmation of

estrus (using observation of behavior and
vaginal cytology), and detection of serum

progesterone concentrations >2 ng/ml 2 weeks
after induction of ovulation and luteinization with
intramuscular administration of 25 μg of
gonadotrophin-releasing hormone (induction
must be done during behavioral estrus).29
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develop tumors than intact cats.40 In the study
by Misdorp,41 progestagens used for estrous
prevention or treatment of dermatological
problems in cats considerably increased the
risk of mammary carcinoma if given regularly,
but not if given intermittently. The study 
concluded that there is a dose-related tumori-
genic effect of progestagens in the develop-
ment of mammary tumors in cats.41,42

The effect of parity on the development of
mammary tumors in cats has been evaluated
and no association was found.42

Classification, pathology and 
natural behavior
Most malignant feline mammary tumors are
classified as adenocarcinomas (Fig 4).4 Further
classification between specific types of 
adenocarcinoma differs slightly between
pathologists, but most agree that non-infiltrat-
ing (in situ), tubulopapillary, solid and cribri-
form are the most common forms.4 Other 
subtypes of feline simple carcinomas include
squamous cell carcinomas, mucinous carcino-
ma, carcinosarcomas and adenosquamous
carcinomas.4,12,43

Inflammatory mammary carcinoma and
lymphangiosarcoma have also been described
in cats.44,45 

Feline malignant tumors grow rapidly, and
metastases are reported to occur in 50–90% of
affected animals.10 Metastasis to regional
lymph nodes (83%), lungs (83%) (Fig 5), pleu-
ra (22%) and liver (25%) are most common.35

However, various studies have also docu-
mented widespread metastases to the adrenal
glands, diaphragm and kidneys.3,34,46

Malignant tumors

Prevalence, incidence and signalment
Most mammary masses in domestic cats are
malignant.34,35 Although the majority of mam-
mary tumors occur in female cats, approxi-
mately 1–5% of feline mammary neoplasms
affect male cats.3,36,37 The average age at diag-
nosis of malignant mammary tumors is 10–12
years.4,20,38 The incidence increases dramati-
cally after 6 years, and peaks at 10–11 years of
age, after which it declines.1,36

There are breed-associated risks for the
development of mammary neoplasia, with
higher incidence rates reported for Siamese
and shorthaired cats.3,39 In addition, the mean
age at diagnosis seems to be lower in Siamese
female cats (average 9 years old) than in other
breeds, suggesting a genetic predisposition in
this breed.5,39

Intact cats are predisposed to the develop-
ment of mammary neoplasia.40 In a study by
Misdorp, intact females were overrepresented
by a factor of seven times among cats diag-
nosed with malignant mammary tumors com-
pared with a control population.41 Overley et
al later showed that cats spayed before 1 year
of age have a significantly decreased risk of
developing mammary carcinoma.40 In that
study, cats spayed prior to 6 months of age or
between 6 and 12 months of age had only 9%
and 14%, respectively, the risk of mammary
carcinoma development compared with intact
cats. Nevertheless, malignant mammary
gland tumors do occur in queens ovari -
ectomized at less than 1 year of age, so early
neutering does not completely eliminate the
risk of mammary carcinoma.5

Etiology
The etiology of malignant mammary tumors
in cats is uncertain.35 Older studies suggested
that viruses could play a role;42 however, there
are no further studies to support a viral etiol-
ogy for mammary carcinoma.

Steroid hormones have been implicated in
the development of mammary carcinoma
because neutered animals are less likely to

FIG 4 Histopathologic
appearance of a tubular
feline mammary carcinoma
(C) with a raft of neoplastic
cells within a lymphatic
vessel (*). Normal adjacent
mammary gland (M) is also
present. Hematoxylin and
eosin stain. Bar = 500 µm

The incidence of malignant tumours increases dramatically after 6 years, 

and peaks at 10–11 years of age.

Malignant mammary gland tumors do occur 

in queens ovariectomized at less than 1 year of age, 

so early neutering does not completely eliminate

the risk of mammary carcinoma.
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Stage I T1 N0 M0

Stage II T2 N0 M0

Stage III T1–2
T3

N1
N0–1

M0
M0

Stage IV Any T Any N1 M0

T1 = tumor <2 cm diameter, T2 = tumor 2–3 cm diameter, T3 = tumor >3 cm diameter. 
N0 = no histologic/cytologic metastasis in regional lymph nodes, N1 = histologic/
cytologic metastasis in regional lymph nodes. 
M0 = no evidence of distant metastasis, M1 = evidence of distant metastasis.

System modified from Owen LN. Classification of tumors in domestic animals. Geneva,
World Health Organization: 1980

Clinical presentation
Mammary carcinoma is often advanced,
and metastases may already have
occurred by the time the veterinarian is
consulted.26,20 Feline malignant mammary
tumors occur as discrete, palpable and
moveable masses; 25% of affected cats
show ulceration in association with exten-
sive tumor necrosis (Fig 6).14,46 Swelling
due to tumor thrombi in femoral arteries
or decreased vascular return from femoral
veins can cause discomfort, edema and a
decrease in the temperature in the pelvic
limbs. The involved nipples are often red
and swollen and may exude tan- or yellow-
colored fluid.28 

Some studies suggest that the caudal
glands are more frequently involved,14,36

while Hayden and Nielsen reported that
the cranial glands were more frequently
affected.10 However, Viste et al described a
high prevalence in both cranial and caudal
mammary glands.47

Diagnosis
If the owner of a cat with suspected mamma-
ry carcinoma is considering treatment, a full
diagnostic work-up must be performed,
including a physical examination, complete
blood count, serum chemistry profile and 
urinalysis.28 Thoracic radiographs, including
ventrodorsal and right and left lateral views,
should be obtained to identify potential

Clinical staging of feline mammary tumors based on
the TNM scheme 

TABLE 1

metastases,28 and abdominal ultrasonography
performed to identify hepatic, splenic or renal
metastases and involvement of intra-abdomi-
nal lymph nodes.28 Fine-needle aspiration,
scraping of ulcerated lesions, or cytology of
fluids expressed from affected glands may
yield a diagnosis, which could be helpful 
to rule out skin and subcutaneous non-
mammary malignancies and/or differentiate
mammary carcinoma from fibroadenomatous
hyperplasia.4,20,26

If the above diagnostic methods do not
allow a definitive diagnosis, excisional biopsy
is recommended. An informal review of feline
mammary masses received during 2008 by the
Surgical Pathology Service at the University of
Tennessee identified one-third of the masses
as being benign lesions (unpublished data).
Therefore, malignancy should be confirmed
before mastectomy.

Staging and grading of tumors
In addition to a full diagnostic work-up,
staging of the tumor is imperative. Tumors
in domestic animals are staged based essen-
tially on the World Health Organization’s
TNM classification scheme for malignant
tumors in humans.10 T represents the extent
of the primary tumor (size, fixation to skin
or fascia). N describes the condition of the
regional lymph nodes.4 It is important to
remember that lymphadenopathy is not a
common finding at first presentation and
that normal-sized lymph nodes may still
contain tumor cells.48 Thus, the regional
lymph nodes (axillary and inguinal) should
be examined carefully, and fine-needle
aspiration may be necessary to help catego-
rize N status.4,28 Finally, M designates the
presence or absence of distant metastases.4
Using these criteria tumors are classified
from stage I to IV (Table 1).

In addition to a full diagnostic work-up, 

staging of the tumour is imperative.

FIG 5 Left lateral
radiograph of the thorax 
of an 11-year-old female
spayed domestic shorthair
cat presented for staging of
mammary adenocarcinoma
of the left caudal mammary
chain. Numerous ill-defined
rounded to amorphous soft
tissue opacities of up to 
4 mm are scattered
throughout the lung fields,
consistent with pulmonary
metastases (arrows). 
A generalized unstructured
interstitial and bronchial
pattern is also present, of
uncertain significance at
this point. Cardiovascular,
mediastinal and thoracic
wall structures are within
normal limits for a cat of
this age

FIG 6 Clinical appearance of mammary
carcinoma. Courtesy of Stein Memorial
Feline Image Collection and Washington
State University, College of Veterinary
Medicine. Database: http://imagedb.
vetmed.wsu.edu/

Lymphadenopathy is not a common finding at first presentation and 

normal-sized lymph nodes may still contain tumor cells.
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Feature Grade

Degree of tubule formation
High (>75%)
Moderate (10–75%)
Little or none (<10%)

Well differentiated
Moderately differentiated
Poorly differentiated

Nuclear/cellular pleomorphism
Small, regular, uniform cells/nuclei
Moderate increase in size and variability
Marked variation in size and variability

Well differentiated
Moderately differentiated
Poorly differentiated

Mitotic count (see Table 3) Well differentiated to poorly differentiated

From Jeglum et al (1985)48

Prognostic factors
✜ Tumor size The most important prognos-
tic factor in cats with mammary gland neopla-
sia is tumor size, which significantly affects
both disease-free interval and survival time.61

MacEwen et al reported that cats diagnosed
with mammary tumors smaller than 2 cm 
survived for an average of 54 months, while
those with tumors 2–3 cm in diameter 
survived for an average of 24 months.60 Given
this association between tumor size and sur-
vival time, early diagnosis and treatment have
an important bearing on the prognosis for cats
with malignant mammary tumors.4
✜ Histopathology grade An association
between survival time and histopathology
grade has been demonstrated. The rate of
death 1 year after surgery was 0% in cats with
well-differentiated carcinoma, and 100% in
those with poorly differentiated carcinoma.
However, there was not a good correlation
between moderate differentiation and survival
time.48

✜ Mitotic count The number of mitotic fig-
ures found in tumor tissue has been shown to
be of prognostic value. Longer survival times
were seen in animals with tumors exhibiting
fewer than two mitotic figures per high power
field.36

✜ Disease stage Clinical stage at presenta-
tion is another factor that has been shown to be
significantly associated with survival time.
Median survival times of cats with stage I, II, III
and IV disease were 29, 12.5, 9 and 1 month(s),
respectively.39

✜ Surgical approach MacEwen et al com-
pared the results of conservative surgery and
radical mastectomy in cats with malignant
mammary adenocarcinoma and found that
cats that had undergone radical mastectomy
had a significantly reduced rate of local recur-
rence compared with cats that had undergone
conservative surgery.61

Molecular markers
The expression of some genes, receptors or
proteins can be altered during the malignant
process in feline mammary tumors. These 
so-called molecular markers can be detected
by immunohistochemistry and yield useful
prognostic information in some cases.

Cyclin A
Cyclin A is a gene that regulates the cell cycle
and it is commonly targeted in canine malig-

Histological grading systems for feline mam-
mary tumors have been published49,50 based on:
cellular differentiation and degree of tubule
formation; nuclear pleomorphism; and mitot-
ic frequency. Mammary tumors are graded as
well differentiated, moderately differentiated
or poorly differentiated (Tables 2 and 3).49

Based on the fact that, like the staging sys-
tem, the grading system is a human classifica-
tion system applied to cats, and that most feline
mammary tumors have been classified as mod-
erately or poorly differentiated, grading is not
usually performed by pathologists.49,51 How -
ever, it can be performed upon request.

Treatment options
Treatment options that have been studied for
feline mammary neoplasia are surgical exci-
sion, chemotherapy, immunotherapy and
radiation therapy.20 These differ in terms of
clinical outcome – the box on page 221 
discusses the various modalities and the evi-
dence that currently exists to support them. 

While tamoxifen is a successful therapy in
women with estrogen receptor tumors, it does
not appear to be beneficial in queens,20,24,52 

the reason being that, in cats, most of these
malignant lesions express estrogen receptors
in only a few cells or are estrogen-receptor
negative.24,52–54

TABLE 2 Histological grading of feline mammary tumors

Number of mitoses per field area Mitotic count score

0–7 Well differentiated

8–14 Moderately differentiated

>15 Poorly differentiated

A field area is that seen through a x40 objective (400x field)48

From Jeglum et al (1985)48

Assignment of points for mitotic countTABLE 3

The most important prognostic factor in cats with 

mammary gland neoplasia is tumor size, which significantly affects 

both disease-free interval and survival time. 
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Surgery
Even though surgical removal remains the most widely accepted
treatment option for feline mammary tumors, it is usually not 
curative. Complete removal of neoplastic tissue is hampered 
by the degree of invasion and
ulceration.26 In contrast to the
dog, in which more conservative
resections may be appropriate
in carefully selected cases, most
cats require unilateral or bilater-
al chain mastectomy with
removal of draining lymph
nodes.55 While more radical 
procedures are associated with
longer disease-free intervals,
they do not have a significant effect on overall survival rates.24,55

In cases requiring bilateral mastectomy the procedure should be
performed in two stages, with a 2-week interval between surger-
ies.11,46 The inguinal lymph node is always removed with the A2
gland, whereas the axillary lymph node is removed only if it is
enlarged or cytologically positive for tumor. Prophylactic removal
of axillary lymph nodes is unlikely to have a therapeutic benefit.4

Malignant mammary neoplasms in the cat often invade lymphat-
ics and veins; therefore, early vessel ligation is essential when 
performing radical unilateral or bilateral chain mastectomy.35 All
damaged tissue must be handled gently, with copious flushing of
the surgical area to help eliminate exfoliated neoplastic cells.35

Because the histological completeness of resection has been 
correlated with survival, the surgeon should submit the entire
specimen with the surgical margins inked for histological review to
ensure that complete margins have been obtained.36 

The question of whether to perform ovariohysterectomy at the
same time as a radical mastectomy is a controversial one.
Whereas some authors believe that spaying cats with mammary
carcinoma has little therapeutic value, others recommend spaying
at the time of tumor removal.3,14,23

Survival times for cats with mammary gland adenocarcinomas
treated with surgery alone depend on the stage of disease when
the cat is presented. Stage is directly related to tumor size and the
presence or absence of metastases (see prognostic factors).46 The
average time between detection of primary tumor and death in
untreated cats is 12 months.35

Chemotherapy
Opinions differ among veterinarians regarding the value of post-
surgical chemotherapy. While some recommend it as adjunct ther-
apy in cats with tumors showing evidence of invasion into the
blood vessels or lymphatic vessels, others
recommend chemotherapy in all cases.
Regardless, it is important to note that the
response of mammary tumors to chemother-
apy is usually poor once metastases have
occurred. 

Results of in vitro studies using cell lines
derived from primary feline malignant mam-
mary tumors indicate sensitivity to similar
antineoplastic drugs as used for women with
breast cancer (eg, 5-fluorouracil, methotrexate, cyclophosphamide,
prednisone, vincristine, doxorubicin).55 However, it should be noted

that 5-fluorouracil is associated with lethal neurotoxicity in cats.35

In a study by Jeglum et al,48 14 cats with non-resectable mammary
carcinoma were treated with a combination of doxorubicin and
cyclophosphamide. Results showed that 45% of the patients

responded to the treatment, with
an increased survival time.
Mauldin et al treated 14 cats with
mammary adenocarcinoma with
the same combination of drugs
and noted that the treatment
induced short-term partial or
complete response in 50% of
cats with metastatic or non-
resectable local disease.56

However, results of this study
indicated that survival time was related to tumor volume rather than
to treatment. In more recent studies by Novosad et al, adjunctive
doxorubicin postsurgery (1 mg/kg IV every 3 weeks for a maximum
of five treatments, or until the cat developed progressive disease 
or concurrent illness) produced longer survival times in cats with
advanced-stage disease than historically reported with surgery
alone.46 Despite favorable results, there were some patients in
which the treatment had to be discontinued due to doxorubicin side
effects (anorexia, moderate myelosuppression and nephrotoxici-
ty).46 Reducing the dose of doxorubicin or substituting mitox-
antrone (5 mg/m2 every 3 weeks) may limit toxicity to an acceptable
level.4 It is important to note that even though the results reported
by Novosad et al sound promising, the study did not include a 
control group, so further investigation is needed in this area.46

Thus, on the basis of results reported to date, more clinical trials
need to be conducted to assess which chemotherapeutic doses
and combinations are the most effective in increasing survival time.

Immunotherapy
Immunotherapy is a method of cancer treatment that entails
administration of immunomodulators to stimulate the host
immune response to tumor cells.57

Treatment with biologic adjuvants like bacillus Calmette-Guerin
(BCG) or Corynebacterium parvum vaccine, administered either
intratumorously or subcutaneously in combination with surgery,
was not successful.58 The biologic response modifier liposome-
encapsulated muramyl tripeptide phosphatidyl ethanolamine (L-
MTP-PE) used to stimulate monocyte cytotoxic activity following
mastectomy also did not improve the disease-free interval or 
survival time of cats when compared with placebo-treated cats.59

MacEwen et al reported that the treatment of feline malignant
mammary tumors with oral levamisole (5 mg/kg, 3 days a week) as

an adjuvant to surgery was ineffective in
altering the recurrence rate of the disease
and did not increase the survival time of
treated cats compared with control groups.60

Therefore, thus far, immunomodulators have
proven unsuccessful in the treatment of
mammary neoplasia in cats.

Radiation therapy
Radiation therapy is seldom used in the

treatment of feline mammary tumors due to the lack of evidence
to support increased survival rates in this species.4,55

Treatment of  mal ignant mammary lesions

In contrast to the dog, in which more

conservative resections may be

appropriate in carefully selected cases, 

most cats require unilateral or bilateral

chain mastectomy with removal of

draining lymph nodes.

The response of

mammary tumors to

chemotherapy is usually

poor once metastases

have occurred. 
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nant mammary tumors as well as in feline
mammary carcinomas.62 In a small study,
cyclin A gene abnormalities were found in 
7/8 mammary carcinomas.62 However, in a
larger study, the involvement of cyclin A in
feline mammary tumors was detected in only
48.6% of feline mammary carcinomas.63 These
results suggest that cyclin A may be associat-
ed with tumorigenesis in cases of feline 
mammary carcinoma.

Protein p53
Protein p53 is another gene that regulates the
cell cycle and functions as a tumor suppressor.
The latter is due to the main role of this gene,
which is conserving genome stability, pre-
venting its mutation.64 Over half of human
cancers have a mutation in the p53 protein or
one of its partners.64 Protein p53 mutation and
nuclear accumulation has been detected
immunohistochemically in 18.9% of feline
mammary carcinomas, and it was shown that
p53 immunohistochemical reactivity was sig-
nificantly lower in adenomas compared with
adenocarcinomas.63,65 Other studies demon-
strated overexpression of p53 in 32.5–33% of
carcinomas.66,67

RON
Macrophage-stimulating protein receptor
(RON) is a member of the family of receptor
tyrosine kinases that stimulate invasive prop-
erties of carcinoma cells.68 As it has been
shown that there is a remarkable increase in
expression of the RON gene in human breast
cancer, RON/stem cell-derived tyrosine
kinase (stk) homologue gene in cats has been
identified and its expression in feline mam-
mary carcinoma has been studied. RON/stk
was found to be expressed at a very high level
in 20% of feline mammary carcinomas.68,69

c-erbB-2
Another gene frequently targeted in feline
breast cancers is the human epidermal recep-
tor type 2 (HER-2), alias c-erbB-2, which is
normally involved in the signal transduction
pathways that lead to cell growth and differ-
entiation.70 In humans, the overexpression of
HER-2 protein correlates with more aggres-
sive clinicopathologic features.71 The feline
orthologue of HER2 has been characterized
and its expression studied; f-HER2 was found
to be barely detectable in the normal cat mam-
mary gland, increased in mammary benign
tumors, and elevated in a high percentage of
carcinoma samples.70,72 A study that measured
the correlation between HER-2 expression and
overall survival showed that cats with tumors
associated with HER-2 overexpression had
shorter overall survival times.73 Together,
these findings suggest that HER-2 status

could provide valuable prognostic and predictive
information.

VEGF 
Vascular endothelial growth factor (VEGF) is an
angiogenic factor released by tumors that is
involved in the growth, invasion and metastasis
of tumors.71 In human breast cancer it has been
shown that tumors with high levels of VEGF are
biologically more aggressive.74 This factor has
also been studied in feline mammary tumors,
and its expression was higher in poorly differen-
tiated carcinomas. This finding suggests that
VEGF could be a useful marker for predicting
clinical outcome in cats with mammary tumors.75

COX
Cyclo-oxygenase (COX), also known as
prostaglandin endoperoxide synthase, is a key
enzyme in the biosynthetic pathway leading 
to the conversion of arachidonic acid into
prostaglandins. Two structurally different forms
of COX have been identified and characterized,
COX-1 and COX-2. Upregulated expression of
COX-2 has been documented in many cancers in
humans.75 In a large proportion of feline 
mammary tumors COX-2 is also expressed, 
and its expression is associated with a poorer
prognosis.54,76

TopBP1
Topoisomerase IIβ binding protein 1 (TopBP1) is
a nuclear protein that has structural and func-
tional similarities to the familial gene associated
with breast cancer in humans, BRCA2. The
expression of TopBP1 was examined immuno -
histochemically in neoplastic and non-neoplastic
feline mammary lesions and a tendency towards
increased expression was found with increasing
grade of malignancy.66

✜ Malignant feline mammary masses are the rule rather than 
the exception, and require early diagnosis and radical surgical
intervention to improve survival time and quality of life in 
affected cats.

✜ In order to optimise early diagnosis, clients should be warned
about the high rate of malignant mammary tumors and 
veterinarians should always include palpation of the mammary
glands as part of the routine physical examination of cats. 

✜ If an abnormality is found, unless there is a strong suspicion 
of fibroadenomatous hyperplasia, a full diagnostic work-up
must be undertaken.

✜ Given the possibility of a benign mass, 
malignancy should always be confirmed before 
mastectomy.

KEY POINTS
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