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Introduction
Mammary gland tumors are very common in non-spayed 
female dogs, representing 50%–70% of neoplasms in 
this species (Nunes et al., 2018; Silva et al., 2019). 
Tumor occurrence is directly related to patient age 
and hormone exposure (Sorenmo et al., 2013). The 
frequency of malignant mammary neoplasms is higher 
than that of benign neoplasms (Nunes et al., 2018; 
Silva et al., 2019). The most frequent histological 
types of malignant neoplasms of the mammary gland 
in bitches are mixed tumor carcinomas, carcinomas in 
situ, papillary, tubular, and solid types. Special types, 
such as anaplastic, mucinous, basal cell, and lipid-rich 
carcinomas, are uncommon (Sorenmo et al., 2013; 
Cassali et al., 2014; Silva et al., 2019).
Secretory carcinoma is a rare histological type of breast 
cancer in humans (Suzuki et al., 1999; Banerjee et 
al., 2021), initially called juvenile carcinoma because 

of its frequent occurrence in children (McDivitt and 
Stewart, 1966). The pattern of histological organization 
of cells may vary, but the deposition of extracellular 
and intracellular secretory eosinophilic material is an 
important feature (Li et al., 2012; Din et al., 2013), 
as well as the presence of cytoplasmic vacuoles. In 
veterinary medicine, only one case has been reported 
in a 3-year-old female dog, whose diagnosis was 
made through cytological, histopathological, and 
immunohistochemical staining (Cassali et al., 2020). 
Other mammary gland carcinomas may have cells with 
vacuolated cytoplasm that also produce intracellular 
and extracellular content such as lipid-rich, glycogen-
rich, and mucinous material (Cassali et al., 2014). 
The differentiation between these carcinomas is made 
by histochemical staining with Oil Red O for lipids, 
periodic acid-Schiff (PAS) for structures containing 
carbohydrates, PAS associated with the enzyme 
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Abstract
Background: Secretory carcinoma is a rare histological type of breast neoplasm in humans and dogs that is characterized 
by the presence of intracellular and extracellular eosinophilic secretions.
Case Description: In this case report, we describe the cytological, histological, and immunohistochemical characteristics 
of secretory mammary carcinoma in a 10-year-old mixed-breed female dog with nodal and bone metastases. The 
bitch had a history of claudication and a mass in the left humeral scapular region, which revealed osteolysis of the 
proximal humerus on radiography. Fine-needle aspiration cytology revealed numerous neoplastic cells arranged 
mostly in cohesive groups but sometimes isolated, that contained cytoplasmic vacuoles and had a moderate-to-high 
nucleus: cytoplasm ratio with frequent karyomegaly and evident nucleoli. Histologically, the neoplasm was organized 
in solid, tubular structures with luminal spaces filled with eosinophilic secretions and was composed of cells with 
clear cytoplasm and prominent vacuoles that pushed the nuclei to the periphery, resembling signet ring cells. The 
extracellular and intracytoplasmic material of the epithelial cells was positive for periodic acid-Schiff staining and 
immunoreactive for alpha-lactalbumin. Two chemotherapy sessions were performed, but 1 month after surgery, the 
clinical condition worsened, and euthanasia was elected, accounting for 133 days of survival after surgical removal of 
the tumor.
Conclusion: The bitch presented with secretory mammary carcinoma with nodal and bone metastases, and histological 
and immunohistochemical characteristics were important for diagnosis. The morphological and immunohistochemical 
characteristics of this carcinoma were similar to those observed in humans. Mammary gland secretory carcinoma 
with bone metastasis must be included as a differential diagnosis among canine mammary gland carcinomas showing 
cellular morphological characteristics of intracytoplasmic vacuolization and eosinophilic secretion.
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diastase to remove all the glycogen evidenced in the 
staining, and immunohistochemistry (IHC) to identify 
the intracytoplasmic secretion product (Sorenmo et al., 
2013; Cassali et al., 2014). 
This study aimed to report the clinical, cytological, 
histopathological, and immunophenotypic findings in a 
female dog diagnosed with mammary gland secretory 
carcinoma with metastases to regional lymph nodes 
and bone in the proximal region of the humerus.

Case Details
A 10-year-old female mixed-breed dog presented 
with claudication of the left thoracic limb with the 
manifestation of local pain, fever, apathy, prostration, 
hyporexia, and progressive cachexia. The animal 
still had a regular estrous cycle, with estruses every 
6 months, and there was no history of pregnancy, 
pseudocyesis, or use of contraceptives. Physical 
examination revealed a mass of approximately 8 
cm by 4 cm in the right abdominal caudal (M4) and 
inguinal (M5) mammary glands, a slight increase in the 
volume of the right inguinal lymph node, and a non-
ulcerated mass adhered to the left humeral scapular 
region, with a 7-month evolution. Complementary tests 
were performed, including chest and left thoracic limb 
radiography and fine-needle aspiration biopsy.

Radiography of the left thoracic limb revealed areas 
of bone lysis in the proximal portion of the humerus. 
There was no evidence of metastases in the abdomen or 
thorax on abdominal ultrasound or thoracic radiographs. 
The aspiration biopsy of the mammary mass revealed 
a high cell density, multidimensional cohesive groups 
of cells, cytoplasm with indistinct borders, bluish color 
with some pink material, a large number of vacuoles, 
a moderate to high nucleus: cytoplasm ratio, round 
to oval nuclei, predominantly single, lacy chromatin, 
multiple and prominent nucleoli, marked anisocariosis 
with frequent karyomegaly, moderate cells, and nuclear 
pleomorphism (Fig. 1A). The samples from the inguinal 
lymph node and the mass of the proximal region of the 
humerus consisted predominantly of the same groups 
of cells as the breast mass. It was concluded to be 
mammary carcinoma with metastasis to the inguinal 
lymph node and proximal region of the humerus.
After aspiration biopsy, a right unilateral partial 
mastectomy (M3 to M5) was performed with 
high amputation of the left thoracic limb and 
lymphadenectomy of the respective regional 
lymph nodes (right inguinal and axillary, and left 
superficial cervical), and the material was removed 
for histopathological examination. The fragments 
were processed according to routine techniques by 

Fig. 1. Secretory carcinoma of the canine mammary gland. (A): Fine-needle aspiration cytology. There is high cellularity consisting 
of multidimensional groups of cells, sometimes isolated, with vacuolar cytoplasm, possibly containing amorphous pink material; 
large, round to ovoid nuclei, with marked anisocariosis, frequent karyomegaly (Diff-Quik, 100×). (B): Histopathology. Cells in 
solid arrangement with eosinophilic secretion (HE, 100×). (C): Histopathology of mammary gland carcinoma showing well-
vascularized and fibrocollagenous stroma (HE, 100x). (D): Histopathology of mammary gland carcinoma showing cells with 
vacuolar cytoplasm, round nucleus displaced to the periphery (signet ring appearance), and prominent nucleoli (HE, 400×). (E): 
Histopathology. Evidence of abundant cytoplasmic vacuoles and containing homogeneous secretion material, positive with PAS 
(PAS, 400×). (F): Histopathology. Green stained fibrocollagenous stroma (Gomori trichrome, 100×).
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embedding in paraffin, staining with hematoxylin and 
eosin , and analyzing using an Eclipse E-200 light 
microscope (Nikon, FN20).
Macroscopically, the mammary tumor measured 8.1 
× 3.9 × 4.9 cm. When cut, the mammary tumor had 
a solid, multinodular surface, and was whitish with 
multifocal to reddish coalescent areas. The mass in 
the proximal region of the humerus, measuring 6.6 × 
5.3 × 5.7 cm, had characteristics similar to the breast 
mass. When cut, the mass exhibited a multinodular 
aspect with creaky areas and bone infiltration. The right 
inguinal, axillary, and left superficial cervical lymph 
nodes presented extensive white and firm nodular areas 
when cut.
The histopathological examination of the four 
fragments showed that the mammary tumor consisted 
of a multilobular neoformation, was poorly delimited 
and infiltrative with variable and well-vascularized 
fibrocollagenous stroma, and was organized in 
solid, tubular areas with luminal spaces filled with 
eosinophilic secretion (Fig. 1B and C). The mammary 
tumor was constituted by cells with moderate and 
vacuolated cytoplasm, variable nucleus: cytoplasm 
ratio, round to oval nucleus that was central, but often 
peripheral (signet-ring appearance) (Fig. 1D) with loose 
chromatin, single to multiple, and prominent nucleoli. 
Marked anisocytosis and anisocariosis, marked cell and 
nuclear pleomorphism; seven mitotic figures in 2.37 
mm² (Meuten et al., 2017). We frequently observed 
intracytoplasmic and extracellular homogeneous 
eosinophilic material positive for PAS (Fig. 1E), in 
addition to areas of hemorrhage and intratumoral 
coagulative necrosis. In the gomori trichrome, collagen 
was stained in green (Fig. 1F). Extensive areas of 
neoplastic infiltration were observed in the axillary and 
inguinal lymph nodes, in the subcapsular and medullary 
sinuses, consisting of the same cells observed in 
the mammary tumor, characterized as metastases of 
carcinoma. The mass in the proximal region of the 
humerus was characterized by multilobular neoplastic 
cell proliferation, which infiltrated the musculature 
and adjacent bone tissue with characteristics similar to 
those observed in the breast mass. Such morphological 
characteristics are consistent with the diagnosis 
of mammary gland secretory carcinoma, grade II, 
according to the histological grading system of Elston 
and Ellis (Elston and Ellis, 1991), with metastases in 
the analyzed lymph nodes and bone.
For the IHC reaction of mammary cancer, cytokeratin 
AE1/AE3 1:500 (Dako®), oestrogen receptor (ER–
Clone EP1) ready-to-use (Dako®), progesterone 
receptor (PR–Clone hRP a2) 1:50 (Invitrogen®), Ki-
67 (MIB-1) 1:50 (Dako®), and alpha-lactalbumin 
(polyclonal) 1:500 (Invitrogen®) were used. Blocking of 
endogenous peroxidation and non-specific proteins was 
performed with a commercial solution of the Novolink® 

system (Leica Biosystems Newcastle Ltd., UK) 
according to the manufacturer’s recommendations, and 

the recommendations proposed by the consensus on the 
diagnosis, prognosis, and treatment of canine and feline 
mammary tumors (Cassali et al., 2019). For ER and 
PR, >10% nuclear labeling was considered positive, 
Ki-67 was evaluated in at least 1,000 neoplastic cells 
in high-power (400X) fields, and nuclear labeling>20% 
was considered positive, and alpha-lactalbumin with 
cytoplasmic and secretory labeling. The obtained 
positive membrane and cytoplasmic immunostaining 
for cytokeratin (Fig. 2A), Ki-67 in 40% of cells (Fig. 
2B), alpha-lactalbumin positively labeled the cytoplasm 
and secretion (Fig. 2C), ER was negative (Fig. 2D), PR 
was positive in >75% (++++) (Fig. 2E).
After surgery and histopathological diagnosis, 
two chemotherapy sessions were performed with 
a combination of carboplatin (10–10 mg/kg) and 
gemcitabine (200–200 mg/m²), with an interval of 1 
week between sessions.
1 month after the surgery, the clinical condition 
worsened, with refractory pain in the region of the 
amputation scar, and euthanasia was elected, accounting 
for 133 days of survival after surgical removal of the 
tumor. The animal was autopsied after euthanasia, and 
samples were collected from the lungs, liver, kidneys, 
adrenals, spleen, pancreas, heart, intestine, and brain; 
however, there were no findings of metastasis or 
recurrence of the breast mass.
Ethical approval
The data used in this manuscript were obtained from 
Prof. Ricardo Alexandre Hippler of the Veterinary 
Hospital at Universidade Vila Velha (ES, Brazil). This 
case was part of routine clinical practice. The necropsy 
and study protocols were approved by the owner 
and hospital, and all procedures were performed by 
institutional guidelines (Universidade Vila Velha).

Discussion
Secretory carcinoma is a special type of mammary gland 
tumor (Gamba et al., 2017) with an overall incidence 
of less than 0.15% in humans (Banerjee et al., 2021). 
In dogs, (Gamba et al., 2017), only one case has been 
reported to date (Cassali et al., 1999), in addition to that 
described in this study.
In women, breast secretory carcinoma has a good 
prognosis with a low incidence of lymph node 
metastasis of only 30%, and distant metastases are also 
infrequent (Vasudev and Onuma, 2011; Horowitz et al., 
2012; Li et al., 2012; Banerjee et al., 2021). In female 
dogs, metastases were observed in the lungs, kidneys, 
adrenals, pancreas, heart, intestine, diaphragm, and 
peritoneum in a 3-year-old German Shepherd dog 
(Cassali et al., 1999), and in the humerus and lymph 
nodes in a 10-year-old mixed-breed dog reported in the 
present study.
Bone metastases are uncommon in dogs with mammary 
tumors, but this result may be underestimated (Craig 
et al., 2016). Bone metastases of carcinomas in the 
mammary gland and other tissues in dogs usually occur 
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in the axial skeleton and the proximal region of long 
bones (Craig et al., 2016), and they preferentially occur 
via the hematogenous route (Theriault and Theriault, 
2012; Tahara et al., 2019). It has been reported that 
bone metastases must be preceded by pulmonary 
metastases (Cooley and Waters, 1998), but as in the 
present report, bone metastases may occur without 
previous or concurrent pulmonary metastases (Trost et 
al., 2014).
The morphological characteristics of the neoplasm 
described in this work are similar to those of mammary 
gland secretory carcinoma described in a female dog 
(Cassali et al., 1999), and in women (Suzuki et al., 1999; 
Vasudev and Onuma, 2011). It presents an infiltrative 
characteristic with solid and/or tubular proliferation 
and contains spaces full of eosinophilic secretion. 
The neoplasm presented here is also composed of 
cells with granular cytoplasm, clear eosinophilic, and 
prominent vacuoles that displace the nucleus to the 
periphery, resembling signet-ring cells. In women, 
microcystic, cystic, solid, and papillary patterns are 
observed histologically (Li et al., 2012; Din et al., 
2013). However, in veterinary medicine, both the 1999 
case (Cassali et al., 1999) and the one reported here, 
showed a solid organization. The intracytoplasmic 
content of secretory carcinoma cells is PAS-positive 
(Cassali et al., 1999; Suzuki et al., 1999; Din et al., 
2013; Sharma et al., 2015), which was observed in this 
study, whereas in cells involved in lipid- and glycogen-

rich carcinomas, PAS and diastase were negative 
(Cassali et al., 1999; Cassali et al., 2014). In contrast, 
mucinous carcinoma secretions are positive for PAS, 
diastase, and Alcian Blue in at least 40% of its growth, 
and mucin accumulation is predominantly located in 
the intraductal component (Cassali et al., 2014), which 
was not observed in this case. 
Alpha-lactalbumin is a diastase-resistant protein that 
is different from what is observed for glycogen, and 
intracytoplasmic evidence allows the diagnosis of 
secretory carcinoma (Cassali et al., 1999; Vasudev 
and Onuma, 2011; Cassali et al., 2014). The IHQ 
characterization in the present case is similar to that 
previously described in dogs and women (Cassali et al., 
1999; Suzuki et al., 1999; Vasudev and Onuma, 2011; 
Din et al., 2013; Sharma et al., 2015) with positive 
immunolabeling for cytokeratin and alpha-lactalbumin 
and negative ER. However, PR differs from some cases 
reported in humans (Li et al., 2012; Sharma et al., 2015; 
Banerjee et al., 2021) and is correlated with tumor-
favorable biological behavior. Ki-67 was expressed in 
40% of neoplastic cells, which was not seen on the HE, 
because most of the neoplastic cells were in interphase; 
this case indicates a high rate of cell proliferation, 
which implies a more aggressive biological behavior 
and, consequently, poor prognosis.
The prognosis in humans is generally favorable 
(Horowitz et al., 2012; Banerjee et al., 2021), with 
indolent clinical behavior (Li et al., 2012), and a low 

Fig. 2. Secretory carcinoma of the canine mammary gland, Immunohistochemistry. (A): Positive membrane labeling for 
pancytokeratin (AE1/AE3), which confirms the epithelial component of the neoplasm (IHC, 200×). (B): Nuclear labeling for Ki-
67 (MIB-1) in 40% of neoplastic cells (arrow) (IHC, 400×). (C): Cytoplasmic labeling for alpha-lactalbumin, of intracytoplasmic 
and extracytoplasmic secretion (arrowhead) (IHC, 400x). (D): Negative oestrogen. (E): Nuclear labeling for progesterone. (F): 
Negative control for hormone receptors (400×).
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chance of metastasis when the tumor size is <2 cm (Li 
et al., 2012; Trost et al., 2014). However, it may behave 
more aggressively in adults than in children (Suzuki 
et al., 1999; Li et al., 2012). In contrast to a previous 
report in veterinary medicine (Cassali et al., 1999), the 
dog in the present study was 10 years old, which, using 
an age conversion table (Lebeau, 1953), corresponding 
to a 56-year-old woman. The tumor also had a long 
axis of 8 cm and high Ki-67 labeling, which may be 
associated with worse outcomes.
The survival of the bitch in the present study (133 days 
post-surgery) was 83 days longer than that observed 
in the first report of such neoplasia in dogs (Cassali 
et al., 1999), but significantly lower than those found 
in reports of mammary gland-lipid-rich carcinoma 
(Espinosa De Los Monteros et al., 2003; Perossi et al., 
2019), which may indicate an even more aggressive 
biological behavior in dogs (Tei et al., 2012; Perossi 
et al., 2019). 
Up until now, this is the second report of canine 
mammary gland secretory carcinoma and the first report 
of bone metastasis, which suggests the aggressive 
behavior of this neoplastic type in such species. 
Furthermore, secretory carcinoma must be included 
in the differential diagnosis of canine mammary 
gland carcinomas, showing cellular morphological 
characteristics of intracytoplasmic vacuolization and 
eosinophilic secretion.
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