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Abstract. Background/Aim: The aim of the present study was
to evaluate a multimodal approach for the treatment of canine
malignant mammary gland neoplasms, including surgery,
chemotherapy, thalidomide, and metronomic chemotherapy
(MC). Materials and Methods: Fifty-eight female dogs were
submitted to four different treatments: surgery; surgery with
chemotherapy; surgery with chemotherapy and thalidomide;
and surgery with chemotherapy and metronomic chemotherapy
and overall survival was evaluated. Results: No statistical
difference was found in the proliferative index and microvessel
density of primary neoplasms and distant metastases following
thalidomide treatment. Diffuse intense inflammatory infiltrate
was predominant in primary tumors and diffuse moderate
inflammatory infiltrate in metastatic lesions. No statistically
significant difference was observed in median survival time
(MST) between treatment groups when including all clinical
stages (p=0.3177). However, animals diagnosed with distant
metastasis treated with surgery and chemotherapy associated
with thalidomide or MC presented longer MST when compared
to animals treated only with surgery or surgery and
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chemotherapy (p<0.0001). Conclusion: The proposed
multimodal therapy protocols including antiangiogenic and
immunomodulatory therapies demonstrated a clinical benefit
for patients in advanced clinical stages.

Many mammalian species present mammary gland neoplasms
similar to breast cancer in women, and the high incidence of
spontaneous disease in domestic dogs and cats characterize
them as pertinent comparative models (1). Human and canine
breast cancer incidence present similar proportional
distribution by age and sex (2), and resemblance in type,
molecular transformative abnormalities, and behavior. This
enables comparative studies involving carcinogenesis and the
efficacy of novel therapies in mammary neoplasms in pets (1).

Mammary gland neoplasms are the most common
neoplasms that affect female dogs (3). Although the optimal
extent remains unclear (4), surgery remains the most
effective treatment for the disease. Adjuvant therapies may
be required for high-risk, undifferentiated and advanced
neoplasms (5, 6). Single-agent treatments have been
considered less efficacious than combination therapies (7),
and in solid tumors, angiogenesis has clearly been associated
with metastasis and disease progression (8), and the
combination of antiangiogenic strategies with conventional
chemotherapy protocols will likely benefit the treatment of
malignant tumors (9).

In the late 1950s, thalidomide was marketed worldwide as
a sedative and a hypnotic, and as an anti-emetic drug in early
pregnancy (10). Thalidomide was associated with congenital
deformities and peripheral neuropathy, and the drug was
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withdrawn in the early 1960s (10, 11). Since then,
thalidomide has been used experimentally in various diseases
(12, 13) due to its antiangiogenic and immunomodulatory
properties (8). In 2000, metronomic regimens of cytotoxic
drugs were established as promising antiangiogenic therapies
(14). Although metronomic chemotherapy (MC) lacks
significant direct cytotoxic properties against neoplastic
cells, the reduction of the interval between chemotherapy
administrations limits cellular repair and replication and
alters the tumor microenvironment (9).

The aim of the present study was to evaluate a multimodal
approach of thalidomide added to surgery and chemotherapy
for the treatment of canine malignant mammary gland
neoplasms, as well as to compare its clinical benefit to
surgery; surgery and chemotherapy; and surgery,
chemotherapy and MC protocols.

Materials and Methods

Fifty-eight female dogs admitted to the Veterinary Hospital of the
Federal University of Minas Gerais, Brazil, and diagnosed with
malignant mammary gland neoplasms were evaluated in a
prospective manner. The animals were divided into four groups: i)
Surgery, submitted solely to surgical treatment. ii) Surgery with
chemotherapy (SCT), consisting of surgical excision followed by
four cycles of carboplatin at the dose of 300 mg/m2, given
intravenously every 21 days. iii) Surgery with chemotherapy and
thalidomide (SCTT), comprising surgical excision and carboplatin
as described above, followed by thalidomide administration,
initiated at 20 mg/kg, given orally every 24 hours at night time for
3 months, followed by 10 mg/kg every 24 hours at night time for
3 months; the 10 mg/kg dose of thalidomide was maintained
without discontinuation in patients diagnosed with distant
metastasis. iv) Surgery with chemotherapy and MC (SCTMC),
including surgical excision and carboplatin as described above,
followed by MC administration initiated with cyclophosphamide at
15 mg/m2, given orally every 24 hours in the morning and firocoxib
at 5 mg/kg, given orally every 24 hours, for 6 months; the two drugs
were maintained without discontinuation in patients diagnosed with
distant metastasis. The treatment protocol chosen for each case was
determined by the pet owner, following a detailed explanation on
the expected adverse events and clinical benefits.

The surgical technique chosen for the excision of the primary
mammary gland neoplasms aimed to be extensive enough to
completely remove the tumors, and included simple mastectomy,
regional mastectomy, and unilateral chain mastectomy (4). All
patients underwent clinical evaluation, thoracic radiographs,
abdominal ultrasound prior to the surgical procedure and every 3
months for follow-up. Clinical stage was obtained from a modified
version of the original staging system established by the World
Health Organization for canine mammary tumors, which evaluates
tumor size, regional lymph node metastasis, and distant metastasis;
classifying the neoplasms as stage I-V (4).

Tumors were classified according to the veterinary histological
criteria established by the World Health Organization (15) with
modifications proposed by Cassali et al. (16). The primary
neoplasm of worst prognosis was chosen for analysis in patients
presenting multiple tumors. Animals included in the study presented
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advanced clinical staging or presented histological types associated
with poor prognosis, i.e. solid carcinomas, micropapillary
carcinomas, anaplastic carcinomas and carcinosarcomas (16).

The neoplasms of the SCTT group were further submitted to
histological grade, morphometric analysis of the inflammatory
infiltrate and immunohistochemistry in an attempt to better
understand the possible therapeutic properties of thalidomide in
canines. When authorized by the pet owner, animals were submitted
to post-mortem evaluation and pulmonary metastases were collected
for morphological and immunohistochemical analysis.

Histological grade of all invasive carcinomas was established
according to the Nottingham system (17), which evaluates tubule
formation index, nuclear pleomorphism and mitotic count,
classifying the carcinomas as grade I-III. The analysis of the
inflammatory infiltrate was performed on hematoxylin and eosin-
stained sections, with distribution classified as focal, multifocal, and
diffuse; intensity classified as discrete, moderate, and intense; and
lymphocytic infiltrate intensity divided into discrete/moderate and
intense (18).

Immunohistochemistry was performed for anti-Ki-67 (MIB-1
clone, 1:50 dilution) and anti-CD31 (JC70A clone, 1:100 dilution)
(Dako, Carpinteria, CA, USA). Antigen retrieval was performed
with pressure chamber treatment in citrate buffer, and slides were
incubated for 16 hours at 4°C, followed by a polymeric-based
detection system (Novolink Polymer Detection System, Novocastra,
Newcastle, UK), and 3,3’-diaminobenzidine as the chromogen.
Slides were subsequently counterstained using Harris’s hematoxylin.
Sections from a canine mammary carcinoma known to express Ki-
67 and CD31 were used as positive controls; both antibodies have
been widely used in veterinary medicine and canine species
reactivity has been described (19). Negative controls were assessed
using normal serum as the primary antibody. The proliferative index
and the intratumoral microvessel density were obtained as described
by Dutra et al. (20) and Weidner (21). A Ki-67 cut-off value of 20%
was used to stratify high-risk patients (22).

Statistical analysis was performed with D’ Agostino and Pearson
omnibus normality test, Student’s 7-test and Mann—Whitney U-test.
Survival time was defined as the period between the surgical
removal of the tumor and death caused by the disease. Animals that
died from unknown causes or causes unrelated to the tumor were
censored. Median survival time (MST) curves were calculated by
the Kaplan—-Meier method and compared by the log-rank test.
Results were considered significant when p<0.05.

All procedures were performed with the approval of the Ethics
Committee for Animal Experimentation of the Federal University
of Minas Gerais (protocol number 132/2011) and the Ethics
Committee for Animal Experimentation of the Sdo Paulo State
University (Jaboticabal Campus) (protocol number 021846/14), and
informed owner consent was obtained.

Results

Fifty-eight bitches were evaluated, with an average age at
diagnosis of 10.61+2.72 years. Forty patients presented
advanced clinical staging, 32/54 (59.26%) stage IV and 8/54
(14.81%) stage V, while 3/54 (5.56%) were classified as
stage I, 3/54 (5.56%) stage 11, and 8/54 (14.81%) stage III.
Neoplasm size was smaller than 3 cm in 11/53 (20.75%), 3-
5 cm in 12/53 (22.64%), and larger than 5 cm in 30/53
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Figure 1. Overall survival of patients treated with surgery,

chemotherapy and thalidomide according to Ki-67 immunostaining.
Kaplan—Meier survival curve of 13 bitches diagnosed with high (=20%;
n=6) and low (<20%; n=7) Ki-67 immunostaining of malignant
mammary gland neoplasms treated with surgery, chemotherapy and
thalidomide. The median survival time of the group with low Ki-67
index was significantly longer (1052 days) when compared to that with
high Ki-67 index (276 days) (p=0.0029).

(56.61%). Regarding the different treatment groups, 11/58
(18.97%) animals were submitted solely to surgery, 15/58
(25.86%) to SCT, 23/58 (39.65%) to SCTT, and 9/58
(15.52%) to SCTMC.

The primary neoplasms were diagnosed as 15/58 (25.86%)
carcinomas in mixed tumors, 15/58 (25.86%) solid
carcinomas, 8/58 (13.80%) micropapillary carcinomas, 8/58
(13.80%) carcinosarcomas, 4/58 (6.90%) tubular carcinomas,
2/58 (3.45%) papillary carcinomas, 2/58 (3.45%) malignant
adenomyoepitheliomas, 1/58 (1.72%) lipid-rich carcinoma,
1/58 (1.72%) pleomorphic lobular carcinoma, 1/58 (1.72%)
osteosarcoma, and 1/58 (1.72%) sarcoma in mixed tumor.

Necropsy was performed in 10 animals of the SCTT group,
and 9/10 (90%) were found to have died due to the
progression of the disease and presented pulmonary
metastases. The mean proliferative index was 26.61%+23.08%
in primary tumors and 10.05%%8.33% in pulmonary
metastases. Median microvessel density (microvessels per
200x field) was 65.5 (range=33-179) and 86 (range=61-145)
in primary tumors and pulmonary metastases, respectively. No
statistical significant difference was found for Ki-67 and
CD31 immunolabeling between primary and metastatic
neoplasms (p=0.0859 and p=0.1695, respectively). MST
analysis of low Ki-67 immunostaining of the primary
neoplasm of patients treated with SCTT showed a significantly

Table 1. Median number (range) of inflammatory cells per eight fields
(100x) of the inflammatory infiltrate in 20 primary neoplasms and 10
pulmonary metastases from animals treated with surgery, chemotherapy
and thalidomide.

Inflammatory Primary Pulmonary p-Value
cell type neoplasm metastasis

Neutrophils 18 (2-388) 27 (5-191) 0.2195
Macrophages 278+209.5 453+186.7 0.0407
Lymphocytes 1097 (291-2847) 300 (177-1105) 0.0024
Plasma cells 185 (8-770) 8 (4-88) 0.0002
Eosinophils 3 (0-112) 0 (0-0) 0.0011
Mast cells 0 (0-26) 0 (0-0) 0.28
Total 1747+663.6 958.2+305.5 0.0022

longer survival (MST=1052 days) when compared to
neoplasms with high Ki-67 index (MST=276 days)
(p=0.0029; Figure 1). A diffuse inflammatory infiltrate
prevailed in 60% of primary and in 44.45% of metastatic
lesions. There was an absence of discrete inflammatory
reactions in primary and metastatic lesions, with a prevalence
of intense reactions in 95% of primary neoplasms and
moderate reactions in 55.55% of metastatic neoplasms. Intense
lymphocytic infiltrate prevailed in 70% of primary neoplasms,
while discrete/moderate lymphocytic infiltrate prevailed in
88.89% of metastatic neoplasms. The distribution of the
inflammatory cells is demonstrated in Table 1.

Although no statistically significant difference was
observed in MST among the four treatment groups when
including all clinical stages (p=0.3177), patients treated with
SCTT presented a better outcome (MST=845 days), followed
by patients treated with SCTMC (MST=431 days), when
compared to surgery as an only treatment (MST=245 days)
and SCT (MST 242 days) (Figure 2). However, when
analyzing the MST of the four treatment groups including only
animals that presented distant metastases before or during
treatment, animals treated with SCTT (MST=463 days) or
SCTMC (MST=376.5 days) presented a significantly longer
survival when compared to animals treated solely with surgery
(MST=150 days) and SCT (MST=148 days) (p<0.0001,
Figure 3). Therapeutic evidence of thalidomide administration
was also demonstrated by the evaluation of pulmonary
metastases through thoracic radiographs. The metastatic
lesions were mostly classified as stable, demonstrated by a
slow progression of the lung metastasis. One patient presented
a partial response of the metastatic lesion during thalidomide
administration (Figure 4).

All treatments were well tolerated. The 20-mg/kg dose of
thalidomide was mainly associated with an excessive
somnolence in some patients, with symptom improvement
following dose reduction to 10 mg/kg. MC was associated
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Figure 2. Overall survival according to the four studied treatment
protocols. Kaplan—Meier survival curve of 58 bitches diagnosed with
malignant mammary gland neoplasms treated with surgery (n=11),
surgery and chemotherapy (SCT; n=15), surgery, chemotherapy and
thalidomide (SCTT; n=23), and surgery, chemotherapy and metronomic
chemotherapy (SCTMC; n=9). Patients treated with SCTT and SCTMC
presented a longer median survival time (845 and 431 days,
respectively) when compared to surgery as the only treatment (245 days)
and SCT (242 days) (p=0.3177).

with cyclophosphamide-induced sterile hemorrhagic cystitis
in 4/9 (44.44%) patients and was interrupted promptly,
followed by treatment with prednisone at the dose of 1 mg/kg,
given orally for 10 days, which was enough to improve all
symptoms and MC was resumed.

Discussion

Although there are no standard guidelines for the treatment
of canine mammary gland neoplasms, large tumors with
regional metastasis and aggressive histology, which prevailed
in the present study, are not treated effectively with surgery
alone (4). Shorter MSTs were described for animals with
micropapillary carcinomas,
carcinomas, and carcinosarcomas when compared to those

solid carcinomas, tubular
with carcinomas in mixed tumors and papillary carcinomas
(23, 24). The high frequency of carcinomas in mixed tumors
was expected due to its high prevalence in canine mammary
gland neoplasms (24, 25).

Although the available evidence concerning the efficacy
of adjuvant chemotherapy is limited, chemotherapy is often
suggested for mammary gland neoplasms that present higher
metastatic or recurrence risks (4, 6). Cassali et al.
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Figure 3. Overall survival according to the four studied treatment protocols
of patients with advanced clinical staging. Kaplan—Meier survival curve of
27 bitches diagnosed with malignant mammary gland neoplasms presenting
distant metastasis treated with surgery (n=>5), surgery and chemotherapy
(SCT; n=3), surgery, chemotherapy and thalidomide (SCTT; n=13), and
surgery, chemotherapy and metronomic chemotherapy (SCTMC; n=6).
Patients treated with SCTT and SCTMC (463 and 376.5 days, respectively)
presented a significantly longer survival when compared to animals treated
solely with surgery (150 days) and SCT (148 days) (p<0.0001).

recommend chemotherapy when the histotype of the primary
neoplasm is associated with poor prognosis or when patients
present metastasis (16). Chemotherapy causes DNA damage,
interfering with DNA replication in proliferating cells (14),
resulting in antiproliferative and cytotoxic actions (7).
Maximum tolerated dose chemotherapy protocols aim to
achieve the maximum cytotoxicity possible for tumor cells
and requires an interval for patient recovery. These protocols
are frequently initially efficacious and result in tumor
regression or stabilization, prolonged survival, and
remission. However, responses may be short-lived, with
relapses resulting in resistance to the cytotoxic drug and
more aggressive cancer (14). The present study was unable
to demonstrate clinical benefit of adjuvant chemotherapy
without the association of antiangiogenic therapy, possibly
due to a tumor response that was not maintained.

Folkman proposed that tumor cells need the perfusion
induced by new capillaries in order to exceed a diameter of
2-3 mm. If angiogenesis is inhibited, the tumor remains in a
dormant state, hindering metastasis and increasing the
susceptibility of tumor cells to cell-mediated immunologic
attack (26). Acceptance of immunomodulatory therapies in
the clinic may be improved if they are combined with other
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Figure 4. Decrease in distant metastasis following thalidomide treatment. Right lateral recumbency thoracic radiographs demonstrating a partial
response of metastatic nodules during thalidomide treatment (arrow). A: At the beginning of thalidomide administration; B: Radiograph obtained
after the patient completed 14 months of treatment with thalidomide.

therapies of proven clinical utility. However, possible
combinations should consider that conventional antitumor
therapies may suppress host antitumor defense mechanisms
and may therefore not be effective (7).

Thalidomide and its analogs inhibit several cytokines, e.g.
interleukin-6, tumor necrosis factor-o, vascular endothelial
growth factor and basic fibroblast growth factor, resulting in
inhibition of tumor cell growth, survival, migration, drug
resistance, and angiogenesis. Furthermore, interleukin-2 and
interferon-y may be stimulated, promoting antitumor
immunity (8). Although the evaluation of samples of distant
metastases without thalidomide treatment for comparison was
not possible, such findings suggests the antitumor properties
of thalidomide and are sustained by our observation of
predominantly slow progression of the pulmonary metastases
during thalidomide treatment. Furthermore, the proliferative
index of the primary neoplasm was found to be correlated to
the therapeutic response to thalidomide and influenced patient
MST, and should be further evaluated as a predictive marker
for thalidomide response.

Intense lymphocytic infiltrate was described as an
independent prognostic factor associated with lower survival
rates in canine mammary gland neoplasms (18) and the
thalidomide treatment proposed here may be associated with
a reduction in the intensity of lymphocytic infiltrates. Tumor-
associated macrophages may be associated with tumor-
promoting functions or contribute towards the efficacy of
anticancer strategies (27). In mouse models, thalidomide was
found to potentially reduce the pro-inflammatory effect of
alveolar macrophages in pneumonia (28), inhibit polarization
of M2 macrophages in allergic asthma (29), and demonstrated
potent anti-inflammatory properties in an acute lung infection

(30). Thalidomide was responsible for the inhibition of
leukocyte recruitment in murine mammary 4T1 primary tumor
and pulmonary metastatic tumors (31). The anti-inflammatory
and macrophage increase in the present study may be partially
responsible for the observed clinical benefit associated with
the thalidomide treatment. Additional studies including
macrophage phenotyping will contribute towards a better
understanding of immunomodulatory effects of thalidomide.

Microvessel density has been described as a prognostic
factor for various neoplasms, and that its decrease is
observed during treatment with antiangiogenic therapy may
suggest treatment activity (32). In the present study, no
statistical difference was observed between the CD31
immunolabeling in primary neoplasms and pulmonary
metastases. However, microvessel density is not directly
related to angiogenic activity or dependence of a tumor, and
has been described as ineffective as a predictive or
therapeutic marker of antiangiogenic treatments (32).

In canines, the safety profile of thalidomide has been
evaluated in healthy beagles (33). We previously reported the
adverse events of thalidomide therapy in canine patients
diagnosed with mammary gland neoplasms in advanced
clinical staging. The drug was considered well tolerated, and
10 mg/kg and 20 mg/kg doses did not impair the activities of
daily living. However, the lower dose may be considered
when excessive somnolence is found (34). Two clinical trials
started to evaluate thalidomide treatment in canine
hemangiosarcomas (35) and various malignant neoplasms in
dogs (36) but were not completed. A dog diagnosed with a
malignant and metastatic Leydig cell tumor was reported to
have been treated with surgery, MC and thalidomide (37), and
the association of MC and thalidomide with conventional
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chemotherapy was reported to increase survival in canine
hemangiosarcomas (38). In felines, a multimodal approach
including thalidomide was proposed for the treatment of
unresectable head and neck squamous cell carcinoma (39).

Recently, a multimodal protocol including toceranib,
piroxicam and thalidomide with hypofractionated radiation
therapy demonstrated clinical benefit in dogs with
inflammatory mammary carcinoma (40); clinical benefit was
also described in dogs with advanced primary lung carcinoma
treated by metronomic cyclophosphamide, piroxicam and
thalidomide (41). The addition of continuous thalidomide after
surgical excision of splenic hemangiosarcoma in dogs was
considered beneficial and suggested as a relevant therapy
protocol for the disease (42).

Since thalidomide was withdrawn from the market, several
countries have established regulations for the prescription and
disposal of thalidomide for humans, e.g. the THALIDOMID
REMS™ program of the United States of America (43). A
legal and reliable source of thalidomide for veterinarians
worldwide is a challenge. Therefore, MC represents an
available and affordable alternative treatment to thalidomide.

In humans, few clinical trials have evaluated thalidomide
as a single agent or in association with MC in breast cancer
in humans (44-46). Although the trials failed to demonstrate
clinical benefit of thalidomide, Baidas et al. do not exclude
the possibility of thalidomide in combination with other
therapeutic modalities or in micro-metastatic breast cancer
(45). Thalidomide was only administered in advanced and
heavily pretreated patients in these studies. Eisen et al.
reported a significant improvement in patients’ sleeping and
appetite (46). Colleoni et al. did, however, consider an MC
protocol with low-dose oral cyclophosphamide and
methotrexate effective and minimally toxic (44).

The continuous treatment schedule of MC protocols are
appealing because they are generally well tolerated, and
present low toxicity, easy administration, and low cost (9,
47). MC alters the approach to therapy, not emphasizing the
neoplastic cells, and, therefore, offers potential for the
treatment of refractory neoplasms with drugs that have
previously failed or the use of drugs that were considered
ineffective (14). Metronomic cyclophosphamide has also
been associated with an increase in antitumor immunity in
animals (7). Several clinical trials for various malignant
neoplasms have been performed involving MC (48-53),
which may be combined with other drugs, including non-
steroidal anti-inflammatory drugs and tyrosine kinase
inhibitors (9). In the present study, firocoxib, a selective
cyclo-oxygenase-2 (COX2) inhibitor, was chosen. Carvalho
et al. demonstrated an association between COX2 expression
and aggressive biological behavior, including shorter
survival, metastasis, and angiogenesis, emphasizing the
usefulness of selective COX2 inhibitors in the treatment for
canine mammary tumors (54).
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The present study failed to observe a statistically
significant difference in MST among the four treatment
groups composed of patients with different clinical stages.
However, the addition of thalidomide was associated with an
MST approximately four times longer than for those treated
with surgery, and SCT, and twice as long than that of the
patients treated with SCTMC.

A significantly longer MST was observed when analyzing
patients that presented distant metastasis before or during the
study in the groups treated with SCTT and SCTMC when
compared to the groups treated with surgery and SCT,
demonstrating a clear clinical benefit in the addition of
antiangiogenic and immunomodulatory therapies for these
patients. Survival rates for animals presenting distant
metastasis was described as 13.6% at 1 year after mastectomy
(55). MST for both the MC and thalidomide group in this
study was more than 1 year, while MST for groups not treated
with antiangiogenic therapies was approximately 150 days.
Therefore, the proposed multimodal therapy protocols of
surgery and chemotherapy with thalidomide or MC increased
the survival time for patients presenting malignant mammary
gland neoplasms with distant metastasis.
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