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			Abstract | Carcinosarcomas are uncommon in the dog and present an unfavorable prognosis. Thalidomide has been used in the investigational treatment of several diseases due to its known immunomodulatory and anti-angiogenic properties. A female dog underwent radical unilateral mastectomy, which enabled the diagnosis of a stage III and grade III carcinosarcoma, followed by chemotherapy treatment with doxorubicin and carboplatin. Twelve months after the mastectomy, thoracic radiographs revealed the presence of multiple nodules in the lung, and thalidomide administration was initiated at 20 mg/kg/day during three months and then 10 mg/kg/day without discontinuation. The patient did not present any adverse events related to the thalidomide administration and thoracic radiographs demonstrated stable metastatic disease. The patient was euthanized presenting metastasis in several other organs and overall survival was considered 963 days. The progression of distant metastasis in the studied patient was considered hindered by thalidomide. 
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			Mammary gland neoplasms are the most common neoplasm in intact bitches (Brodey et al., 1983). The biological behavior of these tumors varies considerably, and prognosis is influenced by several factors, such as: age, histological type, clinical stage, tumor size, clinical behavior of the tumor, mitotic index, histologic grade, regional or distant metastasis, microvessel density, and molecular markers (Sorenmo, 2003; Cassali et al., 2014). All malignant mammary gland neoplasms have the potential to metastasize, however, histological type and several clinical prognostic factors influence the metastatic risk (Sorenmo, 2003). An increase in clinical stage worsens prognosis, and distant metastasis is associated to an accelerated demise of the affected animal (Yamagami et al., 1996).

			 

			Surgical excision of canine mammary gland neoplasms is considered the standard treatment modality. However, dogs with more undifferentiated and advanced tumors may require adjuvant therapy (Novosad, 2003; Sorenmo, 2003). Chemotherapy should be recommended when the histotype of the primary neoplasm is associated with poor prognosis, i.e., solid carcinomas, micropapillary carcinomas, anaplastic carcinomas and carcinosarcomas, or when patients present metastasis (Cassali et al., 2014; Nunes, 2015). Chemotherapy may also be used in the adjuvant setting and in dogs with gross metastatic disease (Sorenmo, 2003).  

			 

			Despite thalidomide’s tragic history, thalidomide has been used in the investigational treatment of a myriad of diseases (Paravar and Lee, 2008). In humans, therapeutic activity of the drug has been described for non-neoplastic diseases, e.g. erythema nodosum leprosum, and neoplastic diseases, e.g. multiple myeloma (Singhal and Mehta, 2002; Dimopoulos and Eleutherakis-Papaiakovou, 2004). The drug is usually given as a single daily dose in the evening, due to somnolence and orthostatic hypotension, and teratogenicity is the most serious adverse effect (Adlard, 2000). The known immunomodulatory and anti-angiogenic properties of thalidomide and its analogues provided the impetus to investigate these agents in the treatment of both hematologic malignancies and in solid tumors. Ongoing trials, either in combination with chemotherapy or as single agents, have been initiated in neoplastic and non-neoplastic diseases (Melchert and List, 2007).

			 

			Currently, there are insufficient clinical trials concerning the use of thalidomide in veterinary medicine. Therefore, the aim of this paper is to report a case of thalidomide induced inhibition of progression of distant metastasis of a canine mammary gland carcinosarcoma.

			 

			An eleven-year-old schnauzer presenting mammary gland tumors was admitted at the Veterinary Hospital of the Federal University of Minas Gerais, Brazil. Thoracic radiographs (TR), including right and left lateral recumbent (RLR and LLR) and ventrodorsal (VD) projections and abdominal ultrasound (AU) did not demonstrate distant metastasis. The patient was classified as clinical stage III (T3N0M0) (Sorenmo et al., 2013) and underwent radical unilateral mastectomy. 

			 

			Mammary gland tumors were fixed in 10% neutral buffered formalin and embedded in paraffin and 4-µm thick histologic sections were stained with hematoxylin and eosin and classified according to WHO’s Histological Classification for canine and feline mammary tumors (Misdorp et al., 1999). Macroscopic evaluation of the primary neoplasm demonstrated a 5.0 x 3.0 x 1.5 cm nodule in the right cranial abdominal mammary gland. Microscopic analysis revealed epithelial cells arranged in a predominantly tubular pattern associated with spindle-shaped cells. Epithelial cells were characterized by prominent nucleoli and moderate cellular pleomorfism, with an average of two mitoses per high power field (400x). Spindle cells presented scattered mitotic figures, moderate cellular pleomorfism, marked anisocytosis and anisokaryosis, nuclear hypercromasia, and occasional multinucleated cells. Based on histologic findings the neoplasm was diagnosed as a carcinosarcoma (Figure 1). Histological grade was established according to the Nottingham system (Elston and Ellis, 1998), and the primary neoplasm was considered grade III. In addition, the patient presented a 0.4 cm nodule in the cranial thoracic mammary gland, diagnosed as a carcinoma in mixed tumor, and the inguinal lymph node was negative for metastasis.

			 

			 

			 

			 

			 

			 

			 

			 

			 

			Figure 1: A. Canine mammary gland carcinosarcoma presenting a neoplastic epithelial component (asterisk) and a mesenchymal component with spindle cells(arrow head) and myxoid matrix (arrow). Hematoxylin and eosin, x100. B. Greater details of epithelial (asterisk) and mesenchymal spindle cells (arrow) shown. Hematoxylin and eosin, x600.

			 

			Due to the histological diagnosis, surgical excision was followed by chemotherapy, consisted by four cycles of an alternating combination of doxorubicin at 30 mg/m2 and carboplatin at 300 mg/m2, given intravenously every 21 days, and follow-up was subsequently performed every three months with clinical evaluation, TR, and AU of the patient.

			 

			Twelve months after the mastectomy, TR revealed the presence of multiple nodules in the lung, not associated with respiratory clinical signs. Thalidomide administration was initiated at 20 mg/kg, given orally every 24 hours at night time, during three months. Afterwards, thalidomide was given orally at 10 mg/kg every 24 hours at night time, without discontinuation. The patient did not present any adverse events related to the thalidomide administration. 

			TR analysis demonstrated a slow progression of the metastatic lung disease, classified as a stable disease (increase lower than 25% in tumor maximum diameter) (Figure 2). After fifteen months of the thalidomide treatment, an AU demonstrated the presence of a hyperechogenic splenic nodule of 1.65 x 1.66 cm and the animal was submitted to a splenectomy. Histopathological analysis revealed a distant metastastatic lesion of the primary carcinosarcoma in the spleen.

			 

			Twenty months after the diagnosis of the pulmonary nodules and the beginning of the thalidomide treatment, the patient was submitted to euthanasia procedures as a result of a progressive peripheral vestibular syndrome. Overall survival was considered 32 months (963 days), defined as the period between the date of surgical removal of the tumor and death caused by the disease.
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			Figure 2: Pulmonary metastasis of a canine mammary gland carcinosarcoma. Right lateral recumbency thoracic radiographs (TR) presenting multiple nodules (arrows). TR performed 12 (A), 18 (B), 24 (C), 30 (D) months following surgical excision of the primary neoplasm.

			 

			In addition, the dog was submitted to post-mortem evaluation and gross metastasis were revealed in the lung, mediastinal and mesenteric lymph nodes, liver, pancreas, and adrenal glands, as well as neoplastic emboli within central nervous system. Metastasis were subsequently confirmed through microscopic analysis, with cells presenting similar histologic features to those observed in the primary tumor (Figure 3).

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			Figure 3: Lung tissue presenting a malignant epithelial (arrows) and spindle cells (arrowhead). Hematoxylin and eosin, x200.

			 

			Morphometric analysis of the inflammatory infiltrate was performed according to (Estrela-Lima et al., 2010). Inflammation within the primary neoplasm and the pulmonary distant metastasis were considered multifocal and intense, with similar quantification of inflammatory cells, presenting an intense lymphocytic component (Figure 4). 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			Figure 4: Canine mammary gland carcinosarcoma associated with a multifocal and intense inflammatory infiltrate, presenting an intense lymphocytic component (insert, Hematoxylin and eosin, x1000). Hematoxylin and eosin, x600.

			 

			Three µm-thick histologic sections from the primary neoplasm and lung metastasis were obtained for immunohistochemistry. Slides were incubated following the details provided in Table 1. A polymeric-based detection system (Novolink Polymer Detection System, Novocastra, Newcastle, UK) was used for detection of antigen-antibody reaction and 3,3’-Diaminobenzidine was used as chromogen. Slides were subsequently counterstained using Harris hematoxylin. Sections from a canine mammary carcinoma known to express Ki-67, ER and PR, COX-2, and CD31 were used as positive controls. Negative controls were assessed using normal serum (Ultra V Block, Laboratory Vision) as the primary antibody.

			 

			The primary neoplasm presented a proliferation index of 18.1%, was positive for estrogen and progesterone receptors, Cox-2 score 2, and a microvessel density of 33/200x field. Lung metastasis presented a proliferation index of 9.4% and a microvessel density of 61/200x field (Figure 5).

			 

			The lungs are the most common site for distant metastasis in dogs with malignant mammary gland tumors (Sorenmo, 2003). The absence of salient clinical abnormalities associated with pulmonary metastatic disease leads to considerable attention on thoracic radiography as a diagnostic, prognostic, and staging tool (Miles et al., 1990). However, additional staging tests, including abdominal ultrasonography and abdominal and skeletal radiographs, may be indicated (Sorenmo, 2003; Sorenmo et al., 2011). 

			Table 1. Target antigen and clone, dilution, antigen retrieval method, and incubation time and temperature for immunohistochemical staining for Ki-67, Estrogen Receptor (ER), Progesterone Receptor (PR), Cyclooxigenase-2 (Cox-2), and CD31.

			
				
					
					
					
					
					
					
				
				
					
							Antigen
							Clone
							Dilution
							Antigen Retrieval Method / Buffer
							
							Incubation Time (hd) / Temperature

						
							IHC Evaluation
					

					
							Ki-67
							
							MIB-1

						
							
							1:50

						
							
							PHa (125°C/2min) / Citrate

						
							
							16 / 4oC

						
							
							(Dutra and others 2008)

						
					

					
							ER
							
							1D5

						
							
							1:20

						
							
							PH (125°C/2min) / EDTA

						
							
							1 / RTc

						
							
							(Hammond and others 2010)

						
					

					
							PR
							
							HPRA2

						
							
							1:20

						
							
							PH (125°C/2min) / EDTA

						
							
							1 / RT

						
							
							(Hammond and others 2010)

						
					

					
							Cox-2
							
							SP21

						
							
							1:80

						
							
							WBb (98°C/20min) / Citrate

						
							
							1 / RT

						
							(Lavalle and others 2012)
					

					
							
							CD31

						
							JC70A
							
							1:100

						
							
							PH (125°C/2min) /  Citrate

						
							
							16 / 4oC

						
							
							(Weidner 1995)

						
					

				
			

			

			aPressurized Heat bWater Bath cHours dRoom Temperature

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			Figure 5:  A. Canine mammary gland presenting neoplastic Ki-67-immunoreactive epithelial cells stained in brown (nucleous). DAB immunohistochemistry, counterstained with Harris’s hematoxylin, x600. B. Canine mammary gland presenting neoplastic ER-immunoreactive epithelial cells stained in brown (nucleous). DAB immunohistochemistry, counterstained with Harris’s hematoxylin, x600. C. Canine 

			mammary gland presenting neoplastic PR-immunoreactive epithelial cells stained in brown (nucleous). DAB immunohistochemistry, counterstained with Harris’s hematoxylin, x600. D. Canine mammary gland presenting neoplastic Cox-2-immunoreactive epithelial cells stained in brown (cytoplasm). DAB immunohistochemistry, counterstained with Harris’s hematoxylin, x600. E. Canine mammary gland presenting neoplastic CD31-immunoreactive endothelial cells stained in brown (cytoplasm). DAB immunohistochemistry, counterstained with Harris’s hematoxylin, x600.

			 

			Three view TR are necessary for all dogs with malignant mammary gland neoplasms, which remains as the standard 

			diagnostic method for the evaluation of thoracic metastat-

			 

			 

			ic disease in veterinary medicine. Conventional radiography can detect lesions ranging from 6-9 mm in diameter (Sorenmo, 2003; Nemanic et al., 2006). Radiographic detection of lung masses depends on several intrinsic (location, size, mass opacity, normal thoracic and extrathoraric structures) and radiographic technique factors, as well as the interpretation of radiographs. The RLR projection is the most sensitive for detection of lung metastasis, followed by the LLR and the VD projection. The sensitivity for the three-view combination is nearly 100%, regardless of the number of readers (Lang et al., 1986).

			 

			There are no established guidelines for the treatment of malignant mammary gland neoplasms beyond surgery. However, treatment recommendations generally intensify with advancing clinical stage and increasing seriousness of the prognostic factors (Sorenmo, 2003). Carcinosarcomas present extremely variable histological characteristics (Misdorp et al., 1973) and are uncommon in the dog (Misdorpet al., 1999)  presenting very aggressive biological behavior and an unfavorable prognosis (Von Euler, 2011). The lungs are the most frequent site of metastasis, followed by regional lymph nodes. Carcinosarcoma metastasis are characterized by carcinomatous, sarcomatous, or mixed components. Other sites less frequently affected are heart, kidneys, liver, adrenal glands, brain, ovaries, hypophysis, bones, spleen, and pleura. The average time between detection and death in seven dogs was 18 months (Misdorp et al., 1973). 

			 

			Thalidomide was described as a potent angiogenesis inhibitor in vivo (D’Amato et al., 1994). The discovery of thalidomide’s antiangiogenic properties coincided with the emerging importance of angiogenesis in tumor growth and progression (Richardson et al., 2002). The anti-angiogenic activity of thalidomide suggest that the drug may present potential clinical benefit in the treatment of malignancies in which neoangiogenesis is present, including solid tumors (D’Amato et al., 1994; Calabrese and Fleischer, 2000; Melchert and List, 2007). Antiangiogenic therapy is an appealing strategy for targeting resistant disease, and accumulating evidence suggests that the combination of cytotoxic chemotherapy and antiangiogenic therapy has greater antitumor effects than either strategy alone (Richardson et al., 2002). Therefore, a novel treatment protocol option for advanced canine mammary gland tumors may consist of surgery, chemotherapy and thalidomide in association, although clinical trials are necessary to verify the clinical benefit of the proposed therapeutic protocol.

			 

			Thalidomide and its analogs exhibit a multitude of biologic effects on cytokine and cell-mediated responses (Melchert and List, 2007). The effects of thalidomide on immune function are incompletely understood; however, anti-inflammatory and immunomodulatory activities have been described (Calabrese and Fleischer, 2000). 

			 

			The antiangiogenic and immunomodulatory properties of thalidomide are implicated in the major activity of the drug in patients with multiple myeloma and holds promise in the treatment of other hematologic malignancies. Results in solid tumors are less encouraging, but patients with certain tumors, such as glioma, renal cell cancer, and prostate cancer, may benefit (Richardson et al., 2002). Our results demonstrated an increase in the microvessel density at the metastatic site when compared to the primary neoplasm. The inflammatory infiltrate was similar in the primary and metastatic neoplasms. Therefore, the antiangiogenic and immunomodulatory properties of the drug were not demonstrated. However, the proliferative index of the primary neoplasm was higher than the metastatic proliferative index, which may suggest the antitumor effect of the drug. Direct cytotoxic effect of thalidomide on tumor cells was demonstrated on multiple myeloma cell lines, with inhibition of DNA synthesis in vitro (Hideshima et al., 2000).

			 

			In canines, the safety profile of thalidomide was evaluated and daily oral administration was considered well tolerated. The NOAEL (no-observed-adverse-effect levels) was 200 mg/kg (Teo et al., 2001). Two studies began to evaluate the clinical benefit of thalidomide in canine malignancies; however, the clinical trials were not completed (Jankowski et al., 1999; Woods et al., 2004). The present case report suggests that the drug provided clinical benefit in the treatment of distant metastasis. In addition, the patient maintained adequate quality of life during the thalidomide treatment, with an absence of adverse effects. 

			 

			Gross metastatic disease at the time of diagnosis was associated to a poorer prognosis, with a median post-operative survival of 5 months, when compared to 28 months for animals diagnosed with mammary gland neoplasms that lacked evidence of metastasis at diagnosis (Philibert et al., 2003). Another study found a 13.6% survival rates one year after mastectomy for animals diagnosed with distant metastasis (Yamagami et al., 1996). In veterinary oncology, there are insufficient options for the treatment of distant metastasis. However, the 20-month overall survival after the diagnosis of pulmonary nodules in the present case report was considered satisfying.

			 

			The progression of distant metastasis in the studied patient was considered hindered by thalidomide. However, clinical trials are necessary to confirm the benefit of thalidomide in canine mammary gland neoplasms, as well as in other malignant neoplasms in veterinary medicine. 
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Abstract | Carcinosarcomas are uncommon in the dog and present an unfavorable prognosis. Thalidomide has been
used in the investigational treatment of several diseases due to its known immunomodulatory and anti-angiogenic
properties. A female dog underwent radical unilateral mastectomy, which enabled the diagnosis of a stage IIT and
grade IIT carcinosarcoma, followed by chemotherapy treatment with doxorubicin and carboplatin. Twelve months
after the mastectomy, thoracic radiographs revealed the presence of multiple nodules in the lung, and thalidomide
administration was initiated at 20 mg/kg/day during three months and then 10 mg/kg/day without discontinuation.
The patient did not present any adverse events related to the thalidomide administration and thoracic radiographs
demonstrated stable metastatic disease. The patient was euthanized presenting metastasis in several other organs and
overall survival was considered 963 days. The progression of distant metastasis in the studied patient was considered

hindered by thalidomide.
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Mammary gland neoplasms are the most common ne-
oplasm in intact bitches (Brodey et al., 1983). The
biological behavior of these tumors varies considerably,
and prognosis is influenced by several factors, such as: age,
histological type, clinical stage, tumor size, clinical behav-
ior of the tumor, mitotic index, histologic grade, regional
or distant metastasis, microvessel density, and molecular
markers (Sorenmo, 2003; Cassali et al., 2014). All ma-
lignant mammary gland neoplasms have the potential to
metastasize, however, histological type and several clinical
prognostic factors influence the metastatic risk (Sorenmo,
2003). An increase in clinical stage worsens prognosis, and

distant metastasis is associated to an accelerated demise of
the affected animal (Yamagami et al., 1996).

Surgical excision of canine mammary gland neoplasms
is considered the standard treatment modality. However,
dogs with more undifferentiated and advanced tumors
may require adjuvant therapy (Novosad, 2003; Sorenmo,
2003). Chemotherapy should be recommended when the
histotype of the primary neoplasm is associated with poor
prognosis, i.e., solid carcinomas, micropapillary carcino-
mas, anaplastic carcinomas and carcinosarcomas, or when
patients present metastasis (Cassali et al., 2014; Nunes,
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