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Abstract
Primary signet ring cell carcinoma (PSRCC) of the breast is a rarely diagnosed neoplasm. We present a 76-year-old 
woman with a tumor formation in the left mammary gland, who has been self-medicating for a year. Pathohistological 
and immunohistochemical analysis proved rare primary invasive ductal carcinoma with focal (over 90%) signet ring cell 
differentiation, size 4 cm / 3.5 cm / 2 cm, moderately differentiated (G2). Complex oncological treatment, including radical 
mastectomy with axillary dissection, 6 courses of systemic adjuvant chemotherapy, radiotherapy of the chest wall and 
regional lymph nodes with TD 46 Gy and antiestrogenic hormone therapy, was performed. The diagnosis and the differential 
diagnosis of this rare tumor require precise pathohistological and immunohistochemical analysis. The prognosis and complex 
treatment depend on the clinical stage, hormonal and HER2 status. In locally advanced PSRCC of the breast with moderately 
differentiation, the combination of surgery, systemic chemotherapy, postoperative radiotherapy and antiestrogenic hormone 
therapy achieves long-term local tumor control without distant metastases for nearly two years.
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Introduction
The definition of a signet ring cell (SRC) is a cell with a large 
vacuole, with a cytoplasm containing mucin and displaces 
nucleus [1]. Signet ring cell carcinoma (SRCC) is a rare form 
of highly malignant adenocarcinoma, that produces mucin [2, 
3]. It is an epithelial malignancy characterized by the histologic 
appearance of SRCs. Primary SRCC tumors are most often found 
in the glandular cells of the stomach and less frequently in the 
prostate, breast, gallbladder, urinary bladder, colon, ovarian 
stroma, testis and pancreas [4-9]. In this article we present a 
clinical case of a rare signet ring cell breast carcinoma (SRCBC). 
Our main goal is to present the importance of pathohistological 
and immunohistochemical analysis in the diagnosis of primary 

SRCBC, with an emphasis on the prognosis and differential 
diagnosis. 

Clinical Case - This is a 76-year-old woman who noticed a 
growing painless formation in the left breast. After a year of self-
medication, she went to the doctor. So in June 2019 the disease has 
been diagnosed.

From the research - Mammography - Left mammary gland 
with solid formation, vaguely demarcated in the upper lateral 
quadrant. ACR density from 2% to 50%, asymmetric density 
increased in the left mammary gland. 

Ultrasound of the left mammary gland - A hypoechoic zone 
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of 30/26 mm at the site of formation with blurred borders to the 
surrounding parenchyma, positive Doppler signals in the periphery 
with strong subsequent echocardiography, is reported.

Left axillary area - a package of enlarged lymph nodes, the largest 
with a maximum diameter of 22/13 mm with a hypoechoic center 
with pronounced hypoechoic periphery. 

CT of the chest and abdomen with intravenous contrast - No 
evidence of distant metastases.

Preoperative local status -Visible retraction of the skin in the 
upper lateral quadrant and the nipple. A solid immobile tumor with 
dimensions of about 3 cm is palpated. Left axilla - enlarged lymph 
node up to 2 cm with a firm consistency. Right mammary gland 
and right axilla - without pathological changes. 

Intraoperatively - A modified radical mastectomy a modo Pirogov 
on the left mammary gland with removal of the pectoral fascia, as 
well as axillary lymph dissection at the I axillary level and partial 
at the II level was performed. Some of the lymph nodes at axillary 
level II due to metastatic tumor infiltration of the axillary vein 
were not removed. Small clinically metastatic hard lymph nodes at 
axillary level III and subclavicular were palpated.

Histological result - Macroscopic - Material from mastectomy 
of the left mammary gland with dimensions 29 cm / 18 cm / 5 
cm. Leather fragment 22 cm /11 cm with retraction of the nipple. 
Tumor measuring 4 cm / 3.5 cm / 2 cm with whitish color and 
cartilage density.

Microscopic - From the Tumor Formation - Invasive ductal 
carcinoma with focal signet ring cell (SRC) differentiation, 
moderately differentiated (G2). Significant cellular polymorphism, 
pronounced anisonucleosis with hyperchromasia is reported 
(Figure 1/A,B). Mamila - without pathological changes. Twenty 
axillary lymph nodes, of which nineteen with metastases. Adipose 
tissue with tumor deposits. Resection lines - without tumor 
infiltration.

Immunohistochemistry (IHC)- Estrogen receptor (ER) - strongly 
positive reaction (3 + 5 = 8) (Figure 2/A); Progesterone receptor 
(PR) - strongly positive reaction (3 + 4 = 7) (Figure 2/B); HER2 
- negative reaction (Figure 2/C); E-cadherin- diffuse positive 
reaction in tumor cells (Figure 3/A); gross cystic disease fluid 
protein (GCDFP)- diffuse moderately positive reaction in tumor 
cells (Figure 3/B); CK7 - diffuse strongly positive reaction in 
tumor cells (Figure 3/C); Alcian blue (PAS) staining positivizes 
intracytoplasmic mucin in tumor cells (Figure 4/A,B); thyroid 
transcription factor-1 (TTF1)-negative reaction (Figure 5/A); 
caudal type homeobox 2 (CDX2)-negative reaction (Figure 5/B); 
CK20-negative reaction (Figure 5/C).

Histological Diagnosis - Invasive ductal carcinoma with focal 
(over 90%) signet ring cell differentiation, size 4 cm/ 3.5 cm/ 2 cm, 
moderately differentiated (G2). Presence of perineural invasion and 
lymphovascular tumor emboli. Mamila- uninvolved. Mastectomy 
with clean resection lines. Metastases in nineteen axillary lymph 
nodes, of the twenty lymph nodes examined. / pT2 N3a Mx G2.

The Oncology Committee assessed the patient for complex 
treatment, including postoperative systemic chemotherapy (Ch), 
radiotherapy (RT) and endocrine therapy. After 6 courses of Ch 
with Docetaxel Actavis, we performed Intensive Modulated 
Radiotherapy (IMRT) using the VMAT technique with clinical 
target volume (CTV) involving the left chest wall with the 
operative scar and regional lymph nodes (axillary, supraclavicular 
and parasternal) up to total dose (TD) 46 Gy with daily dose (DD) 
2 Gy (Figure 6). Due to cardiac comorbidity involving atrial 
fibrillation, the TD was estimated not to exceed 46 Gy. After 
the RT, the patient received antiestrogenic endocrine therapy for 
2 years. In November 2020, on a control CT 6 months after the 
completion of RT, suspected metastases of osteoplastic changes of 
the vertebral bodies Th11 and L4 were detected (Figure 7) which 
were rejected by bone scintigraphy. Without significant dynamics, 
the same changes are observed on CT after 3 months in January 
2021 (Figur 8). The patient is in good general condition 20 months 
after the complex treatment, without recurrence and distant 
metastases.

Figure 1: Pathohistological characteristics of invasive ductal 
carcinoma with focal signet ring cell differentiation, moderately 
differentiated (G2) A/ Н&Е х20; В/C Polymorphic signet ring 
carcinoma cells with anisonucleosis and hyperchromasia. A 
nucleus pressed against the cell periphery as a result of diffusely 
filling the cytoplasm mucin. Н&Е х100.

Figure 2: Photomicrography of signet-ring cell breast carcinoma-
Immunohistochemical analysis–A/ Estrogen receptor (ER) - 
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strongly positive IHC reaction x 20; B/ Progesterone receptor (PR) 
- strongly positive IHC reaction x 20; C/ HER2 - negative IHC 
reaction x 20

Figure 3: Photomicrography of positive immunohistochemical 
analysis in tumor cells of signet-ring cell breast carcinoma –A/ 
E-cadherin- diffuse positive expression x 20; B/ GCDFP- diffuse 
moderately positive expression x 20; C/ CK7 - diffuse strongly 
positive expression x 20

Figure 4: Photomicrography of signet-ring cell breast carcinoma 
with Alcian blue (PAS) staining–A/ PAS staining demonstrates the 
presence of cellular intracytoplasmic mucin x 20; B/ Black arrows 
represent intracytoplasmic mucin in tumor cells that the nucleus 
pushes into the cell periphery x 100; C/ PAS staining x 400. 

Figure 5: Photomicrography of negative immunohistochemical 
analysis in tumor cells of signet-ring cell breast carcinoma - A/ 
Negative TTF1 expression x 20; B/ Negative CDX2 expression x 
20; C/ Negative CK20 expression x 20

Figure 6: Intensive modulated radiotherapy (IMRT) using the 
VMAT technique with clinical target volume (CTV) involving the 
left chest wall with the operative scar and regional lymph nodes 
(axillary, supraclavicular and parasternal) up to TD 46 Gy with 
DD 2 Gy.

Figure 7: A/CT of the chest / bone window - Osteoplastic lesion of 
the Th11 vertebral body.; B/ CT of the abdomen - A parenchymal 



cyst 33 mm in diameter in the left kidney and osteoplastic lesion 
of the L4 vertebral body. Without pathological changes in the liver 
and paraaortic lymph nodes.

Figure 8: A/CT of the chest / bone window - Osteoplastic lesion of 
the Th11 vertebral body without dynamics ; B/ CT of the abdomen 
- A parenchymal cyst 35 mm in diameter in the left kidney and 
osteoplastic lesion of the L4 vertebral body without dynamics. 
Without pathological changes in the liver and paraaortic lymph 
nodes.

Discussion
Primary signet ring cell breast carcinoma (PSRCBC) was first 
described by Saphir in 1941 as a type of mucinous carcinoma and 
since then only few cases have been reported in English literature 
[10-15]. The prevalence of signet-ring features has ranged from 2 
to 4.5% of total breast cancers [12, 14, 16]. In 1976, Steinbrecher 
and Silverberg reported five cases of rare carcinoma of the breast, 
characterized by the presence of numerous cells containing 
intracellular mucin, without large amounts of extracellular mucins 
seen in colloid carcinoma of the breast [17]. Signet ring cell breast 
carcinoma (SRCBC) can be divided into primary and metastatic 
tumors [3, 18]. The general definition of PSRCBC is ductal 
carcinoma with cells resembling gastric carcinoma due to acidic 
mucin that fills cytoplasm and nucleus displaces [1].

Pathohistological Analysis: Until 2003, PSRCBC was placed 
under ‘mucin-producing carcinomas’ and separated from both 
infiltrating ductal and lobular carcinomas by the World Health 
Organization (WHO) [19]. The histological examination of the 
neoplastic cells showed that they were small and round, with variable 
size-small to intermediate, scattered or funicular distribution, and 
with large intracytoplasmic mucin compressing the nuclei toward 
one pole of the cell [3, 20]. Cytoplasm is abundant and may also 
be vacuolated [21]. In Figure 1 we present polymorphic signet ring 
cells (SRCs) with anisonucleosis and hyperchromasia. A nucleus 
pressed against the cell periphery as a result of diffusely filling 
the cytoplasm mucin. This occurs probably due to blockage in 
secretions due to deficiency of catenin, which probably occurs 
due to mutations [22, 23]. Periodic staining with Schiff (PAS) was 
performed and the cytoplasm showed PAS positivity suggesting 
the presence of intracytoplasmic mucin (Figure 4). The nuclei 
are large, irregular and with coarse chromatin. Characteristic of 
invasive ductal breast carcinoma (IDBC) with signet-ring cell 
differentiation is hypercellularity with single SRCs with a high 
nuclear grade (G3) and tubule formation [1]. Clinically, PSRCBC 
is defined as the presence of more than 20% of the SRCs in the 
tumor [19, 24, 25]. In our clinical case we report over 90% SRCs, 
foci located in IDBC with a moderate degree of cell differentiation 
(G2) (Figure 1). A study of the clinicopathological features of 22 
patients with breast carcinoma containing SRCs found that the 

carcinomas had different degrees of differentiation, which meant 
that the degree of differentiation was not necessarily G3 [26]. 
Depending on the subcellular localization of mucin, SRCs are 
classified into intracytoplasmic lumina (ICL) type cells with large 
ICL containing mucin and non-ICL type cells with amorphous 
cytoplasmic areas, diffusely dispersed with mucin [26, 27]. In 
breast cancer, a significant relationship has been reported between 
the level of MUC1 expression and / or the presence of cytoplasmic 
staining with circumferential membranous accentuation pattern 
and adverse clinicopathological parameters [26]. For the study of 
intracytoplasmic cell mucin, most protocols offer staining with 
Alcian blue (pH 2.5), followed by the PAS technique. After PAS 
staining, we evaluate the presented clinical case with signet-ring-
like malignant cells of the non-ICL cytological type (Figure 4/C).

Immunohistochemical Analysis: In PSRCC, the IHC study 
requires the expression of a number of markers such as ER (Figure 
2/A), PR (Figure 2/B), HER2 (Figure 2/C), GCDFP (specific 
marker for breast tumors) (Figure 3/B) and E-cadherin (a marker 
that distinguishes invasive ductal carcinoma of the breast from 
invasive lobular carcinoma) (Figure 3/A). In the presented clinical 
case, we found positive estrogen and progesterone hormonal 
status and negative HER2 status (Figure 2), factors that determine 
a relatively good prognosis in moderately differentiated invasive 
ductal carcinoma (IDC) of the breast. The positive IHC expression 
of GCDFP (Figure 3/B) proves the primary breast carcinoma 
origin [3]. 

Differential Diagnosis: In mucinous breast cancer (MBC), 
different morphology and biological behavior compared to 
invasive ductal and lobular carcinoma of the breast, producing 
mucin were observed [28]. PSRCBC is characterized by numerous 
cells containing intracytoplasmic mucin and associated with 
aggressive clinical behavior, as opposed to extracellular mucin 
and favorable prognosis of MBC [12, 16, 17, 29-33]. Differential 
diagnosis with signet ring cell variant of lobular carcinoma, in 
which usually classic lobular component present, no DCIS, ER + 
and E-cadherin negative, is required [1].

Immunohistochemical differential diagnosis (DD): SRCBC can 
be divided into primary and metastatic tumors [3]. To differentiate 
between PSRCBC from metastatic SRCCs from different organs, 
Gross cystic disease fluid protein-15 (GCPFP-15) can be used as 
a sensitive marker of SRCBC and is useful even as an adjunct tool 
to diagnose metastatic SRCC of mammary origin [34]. SRCBCs 
are generally immunohistochemically positive for GCDFP-15, 
whereas SRCCs of the gastrointestinal tract are negative [34]. The 
positive expression of E- cadherin (Figure 3 /A) proves that it is an 
invasive ductal breast carcinoma with SRC differentiation and not an 
invasive lobular breast carcinoma. Furthermore, adenocarcinomas 
of the breast, stomach and colon show different CK7 and CK20 
expression patterns [35-37]. Negative IHC expression of TTF1 
(Figure 5/A) distinguishes primary breast cancer from lung 
adenocarcinoma and thyroid carcinoma. Negative IHC expression 
of CDX2 (Figure 5/B) differentiates primary breast cancer from 
colorectal cancer and negative expression of CK 20 (Figure 5 /C) 
from gastrointestinal tumors. Expression of CK7, CK8, CK18 and 
CK19 was observed in more than 90 % of all breast carcinomas, 
confirming their efficacy in immunohistochemical identification 
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of breast cancer. CK20 expression was found more frequently 
than reported in previous studies, might constitute an indicator 
of poor prognosis and may be associated with the molecular 
apocrine subtype [38]. The DD of colorectal carcinomas requires 
an IHC analysis of CK7 and CK20, which detects CK7 negative 
expression and CK20 positive expression [39]. In the presented 
clinical case, we report a diffusely strong CK7 reaction in the 
tumor cells (Figure 3 /C) and a negative CK20 IHC expression 
(Figure 5 /C), which proves the primary origin of the carcinoma, 
namely from the mammary gland.

Prognosis: Generally, a significant number of SRCs, are 
associated with a worse prognosis [40, 41]. SRCBC is a mucin 
producing neoplasm, and it can originate from both invasive 
lobular carcinoma and infiltrating ductal carcinoma, but more 
often from invasive lobular carcinomas [19, 34, 42]. Pure primary 
SRCC of the breast is a very rare tumor [20]. SRC differentiation 
in invasive ductal breast carcinoma (IDBC) is rare and associated 
with a high histologic grade (G3). Lymph node metastasis and 
distant metastasis are common, indicating an aggressive clinical 
behavior [15]. It is important to distinguish PSRCBC from MBC, 
since it is believed that treatment options and the clinical outcome 
are different [29]. Retrospective comparative analysis confirms the 
more aggressive behavior of PSRCBC compared to MBC. Patients 
with PSRCBC were presented with higher Ki67 labeling index, 
more advanced stages of disease and more frequent lymphatic 
metastasis at diagnosis than those with MBC [28]. It has been 
concluded that majority of MBC is positive for hormone receptor, 
which is associated with better prognosis [33, 43]. In general, the 
prognosis of breast cancer (BC) depends on a combination of a 
number of factors. Significant risk factors for distant metastases 
after complex treatment of BC were demonstrated: tumor 2-3 cm 
in diameter, G3, pN1, negative hormonal status, positive HER2 
status, tumor necrosis, tumor invasion in blood vessels and tumor 
metaplasia [44]. In the presented clinical case, it is an advanced 
IDBC that has not been treated for one year. After the operation, 
metastatic axillary lymph nodes were identified, which did not 
allow radical lymphatic dissection at axillary level II and III, due 
to infiltration of the axillary vein. After 6 courses of systemic 
adjuvant Ch, RT of the chest wall and regional lymph nodes with 
TD 46 Gy and antiestrogenic hormone therapy, we report 20 
months disease-free survival with good quality of life. 

Conclusion
Primary signet ring cell breast carcinoma is a rarely diagnosed 
malignant tumor. The diagnosis and the differential diagnosis 
of this rare neoplasm require precise pathohistological and 
immunohistochemical analysis. The prognosis in PSRCBC 
depends on the presence of significant risk factors for distant 
metastases: tumor 2-3 cm in diameter, G3, tumor necrosis, tumor 
invasion in blood vessels and tumor metaplasia, pN1, negative 
hormonal status and positive HER2 status. Complex treatment 
depends on the clinical stage, hormonal and HER2 status. After 
the complex treatment in locally advanced primary signet ring 
cell carcinoma of the breast with moderately differentiation, we 
achieve long-term local tumor control without distant metastases 
for nearly two years.
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