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Background: Primary neuroendocrine neoplasm of the breast (BNEN) is an

uncommon breast neoplasm, and in most cases, it presents as hormone

receptors positive and HER-2 negative. Moreover, in neuroendocrine

neoplasms (NENs), the signet ring feature is a rare morphological subtype,

and only a few cases have been reported. Here, we report the case of a primary

breast neuroendocrine neoplasmwith an unusual signet ring cell appearance in

this paper. The documentation of this case, combined with a review of the

literature, may add to existing knowledge about the outcome andmanagement

of this rare tumor.

Methods: In the present review, we describe a unique case of HER-2-positive

primary BNEN with a signet ring feature that has not been reported in English.

Additionally, we performed a literature search of the PubMed and Web of

Science databases and calculated statistics for clinical data and follow-up.

Results: Our literature search, excluding non-English literature, identified 15

articles with data from 24 cases, including ours. The mean age was 51.25 years

(range, 30–79 years), and there were 13 male patients (54%) and 11 female

patients (46%). Of the 24 cases, some cases (11/24) were associated with lymph

node metastases, a few cases (6/24) had distant metastasis, and the vast

majority of cases (23/24) occurred in the digestive system. Primary hepatic

signet ring cell neuroendocrine tumor showed slow progression and good

prognosis. Lymph node involvement was identified in one of eight (12.5%)

documented cases, and one of eight (12.5%) reported cases presented with

distant metastatic disease. However, the prognosis of neuroendocrine tumors

with signet ring cells in the pancreas and stomach was poor. Lymph node

involvement was identified in 9 of 15 (60%) documented cases, and 5 of 15

(33.3%) reported cases presented with distant metastatic disease.
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Conclusion: NENs with a signet ring feature is uncommon, and this is the first

case report of its occurrence in the breast. Current knowledge is limited to

anecdotal experience based on case reports and small case series. We provide

a literature review to summarize knowledge about this rare entity.
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Introduction

BNEN is a rare subtype of NENs, accounting for <1%. Gene

expression profile analysis has shown that it belongs to the luminal

type, which is positive for hormone receptors but mostly negative

for HER-2 (1). In addition, NENs with the signet ring feature is

extremely rare, and current reports focus on the digestive system.

They are characterized by distinct intracytoplasmic vacuoles

resembling signet ring cells, which are mucin negative and

represent the accumulation of intermediate filaments under

electron microscopy (2). The unique histological features may

cause difficulty in diagnosis and delay in patient care. Here, we

report a case of an incidentally identified HER-2-positive primary

BNEN with a signet ring feature and provide a literature review.
Methods

We identified and reported a rare HER-2-positive BNENwith a

signet ring feature; provided case-related information on diagnosis,

treatment, and prognosis; and explained our view of the disease. At

the same time, we searched the PubMed and the Web of Science to

identify related articles published between 1991 and 2021 (2–16).

The literature overview identified common patient characteristics,

clinical presentations, and patient outcomes, while the data

described 24 cases of NENs with the signet feature (Table 1).
Case report

A 54-year-old woman discovered two lumps on her left breast

during a self-examination. She was diagnosed with “left breast

invasive cancer” by McMotong puncture in another hospital and

was admitted to our hospital in July 2021. In her physical

examination, a 3.5×3 cm firm lump and a 2.5×2 cm firm lump

with no pain or nipple discharge were palpated in the upper outer

quadrant of the left breast. A 0.5×1 cm enlarged lymph node was

palpable in the left axilla. Ultrasonography revealed ill-defined

nodules of hypoechoic areas in the left breast and some with

variably echogenic intensity in the left lymph node. Computed
02
tomography (CT) scans showed that nodules focus in the left

breast with blurred margins and marked enhancement

(Figures 1A, B). Metastatic diseases were excluded with CT

examinations in the thorax, abdomen, brain, and other further

investigations, which found no more positive signs. The patient

underwent radical left mastectomy with axillary lymph node

dissection. Macroscopically, one resected tumor at 12 o’clock

from the nipple 5 cm was a 3.0 cm × 1.8 cm × 1.5 cm gray–

white firmmass (tumor 1) and another resected tumor at 3 o’clock

from the nipple 6.5 cm was a 1.6 cm × 1.0 cm × 0.4 cm gray–

yellow firm mass (tumor 2). Microscopically, tumor 1 was a non-

special type of invasive breast cancer, histologically grade 2

(Figure 1C). Neuroendocrine differentiation can be observed in

tumor 2, which consisted of medium size cells with eosinophilic

cytoplasm separated by fibers and arranged into flakes and nests.

Meanwhile, many tumor cells contained eccentric, clear

paranuclear vacuoles resembling signet ring cells (Figure 2A). A

small amount of ductal carcinoma in situ can be seen under the

microscope in tumor 2. Metastases were seen in lymph nodes (5/

21), and isolated cancer cells were seen in one lymph node. The

pathological staging was pT2N2Mx.

Immunohistochemistry in tumor 1 showed that these

malignant cells were positive for estrogen receptor (ER) but

negative for synaptophysin (Syn) (Figures 1D, E). At the same

time, immunohistochemistry in tumor 2 showed that these

malignant cells were positive for ER (Figure 2B) and GATA

binding protein 3 (GATA-3) but negative for epidermal growth

factor receptor (EGFR) and cytokeratin 5/6 (CK5/6). HER-2 status

was 2+ (Figure 2C) and fluorescence in situ hybridization (FISH)

demonstrated heterogeneity in HER-2 gene amplification in this

tumor tissue (Figure 3A). Syn and E-cadherin immunopositivity

were on the tumor membranes (Figures 2D, E). Special staining for

periodic acid–Schiff stain (PAS) was negative (Figure 2F). Electron

microscopy confirmed that the neurosecretory granules in the

cytoplasm were clustered or locally distributed with intermediate

filament aggregation (Figure 3B). After the operation, this patient

received dose dense AC (four cycles) followed by paclitaxel in

combination with trastuzumab and pertuzumab for 3 months, then

trastuzumab and pertuzumab for 1 year. Endocrine treatment with

an aromatase inhibitor was recommended for 5 years. Her
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condition remained stable for 9 months without the progression of

the primary tumor.
Results

The average age of NENs with the signet ring feature was

51.25 years old (range, 30–79 years), and the average follow-up

time of 24 cases was 29.3 months. Among them, some patients

died of the disease, three cases of pancreatic neuroendocrine

carcinoma, and one case of gastric neuroendocrine carcinoma.

According to the review of the cases, the clinical manifestation of

the primary hepatic signet ring cell neuroendocrine tumor was
Frontiers in Oncology 03
mild, the tumor progressed steadily, and there was no tumor

recurrence or metastasis after resection (2–8), but signet ring cell

neuroendocrine tumor of the pancreas showed a poor prognosis

with the characteristics of high invasiveness, high recurrence

rate, and high metastasis rate (9–14). Perhaps, the prognosis is

closely related to the malignant degree of the primary tumor.

NENs with the signet ring feature is characterized by

eccentric, pale, or eosinophilic intracytoplasmic vacuoles that

lead to various terms from ‘‘paranuclear clear zone” (3, 5),

‘‘signet cell” (4, 7–9, 15, 16), to ‘‘rhabdoid” (10–14) according

to their light microscopic appearances. These intracytoplasmic

inclusions are presumed to be caused by abnormalities in the

metabolism and organization of intermediate filament-
TABLE 1 Clinical summary of neuroendocrine neoplasms with signet ring feature.

Author/year Sex/
age

Site Presentation LN Other metastatic
sites

Status Follow-Up

1 Sioutos/1991
(3)

M/68 Liver 8 months enlarging mass No No NED 49 months

2 Aoki/1992 (4) F/39 Liver 6 months hypochondrial mass No No NED 14 months

3 Young/1998
(5)

M/48 Liver 8 years increasing abdominal fullness No No NED 5 months

4 Lau/2006 (6) F/35 Liver 6 months abdominal pain No No NED 60 months

M/41 Liver a mass following ultrasound examination No No NED 8 months

5 Zhu/2010 (2) M/49 Liver a mass following CT examination No No NED 10 months

6 Haq S/2015
(7)

F/43 Liver 2 years low grade fever, weight loss and intermittent epigastric pain No Yes AWD 18 months

7 Bansal/2021
(8)

F/47 Liver 2 years hypochondrium dull aching pain Yes No AWD 14 months

8 Stokes/1998
(9)

M/30 Pancreas 1-year abdominal pain NS Yes Re 24 months

9 Montiel/2003
(10)

M/37 Pancreas acute pancreatitis; recurrent gastric ulcers Yes Yes NED 24 months

F/55 Pancreas Biliary obstruction No Yes DOD 1 months

M/58 Pancreas Biliary obstruction No No NED 48 months

F/79 Pancreas Abdominal pain No No NED 60 months

10 Chetty/2004
(11)

M/50 Pancreas Acute abdominal pain Yes No NS NS

11 Shia/2004 (12) M/60 Pancreas A pancreatic mass and multiple bilobar liver nodules on abdominal
ultrasound and CT scan.

No Yes DOD 73 months

12 Serra/2006
(13)

M/35 Pancreas NS Yes No NED 24 months

M/55 Pancreas NS Yes No NED 60 months

F/45 Pancreas NS No No NS NS

F/41 Pancreas NS Yes No NS NS

F/67 Pancreas NS Yes No DOD 24 months

13 Miyazaki/2018
(14)

M/53 Pancreas Two pancreatic head masses and a liver nodule on CT scan Yes Yes NED 54 months

14 Morii/1999
(15)

F/69 Stomach 3 months anorexia and body weight loss Yes Yes DOD 7 months

15 Sugihara/2004
(16)

M/72 Stomach Diagnosed by endoscopic examination Yes No NS NS

16 Current F/54 Breast A lump on left breast during self-examination Yes No NED 9 months
fr
LN, lymph nodes; NED, no evidence of disease; AWD, alive with disease; DOD, died of disease; Re, recurrence; NS, not stated.
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cytokeratin (3–5, 12). Nonetheless, unlike typical mucus-

secreting imprinted cells, they are mucin negative. Electron

microscopy revealed that a large number of microfilaments

and intermediate filaments are present in this type of NENs,

which contains neuroendocrine granules. This ultra-structure

explains the crowding of the nucleus to one side and the

brightness around the nucleus, which is presumed to be a

degenerative change in the tumor.

In 2003, the World Health Organization (WHO) considered

mammary neuroendocrine tumors as a separate entity of breast

cancer based on the definition provided by Sapino et al. (17).

Hence, BNEN were defined as tumors of epithelial origin that

resemble gastrointestinal and pulmonary neuroendocrine

tumors in morphology, expressing neuroendocrine markers in

at least 50% of the total cell population. In 2012, the WHO

recognized that the 50% threshold for neuroendocrine marker-
Frontiers in Oncology 04
expressing cells was unreasonable (18). In the new classification,

invasive carcinomas with neuroendocrine differentiation were

included in the BNEN group regardless of the percentage of

tumor cells expressing neuroendocrine markers. BNEN is an

uncommon subtype of NENs, accounting for <1%, and gene

expression profile analysis has shown that it belongs to the

luminal type, which is positive for hormone receptors but

negative for HER-2 in most cases (1). Makretsov et al. have

suggested that HER-2 oncoprotein positive is associated with

poor prognosis (19). Nonetheless, the prognostic role of anti-

HER-2 therapy in BNEN is unclear. Presumably, BNEN is the

same as other invasive breast cancers, and a 9-year case follow-

up reported that HER-2-positive patients survived disease free

for 9 years after treatment with trastuzumab (20). Gevorgyan

et al. reported that anti-HER2 therapy was shown to be effective

in a BNEN patient who relapsed in bone after 30 years (21).
FIGURE 1

(A, B) CT showed high-density masses located in the lateral upper quadrant of the left breast. (C) Non-special type of invasive breast cancer.
Immunohistochemistry showed that malignant cells are positive for ER (D) but negative for Syn (E).
FIGURE 2

(A) Invasive carcinoma of the breast with signet ring feature. Immunohistochemistry showed abnormal cells are positive for ER (B), HER-2 (C),
Syn (D), E-cadherin (E), but negative for PAS (F).
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Correspondingly, it is reasonable to use anti-HER2 therapy for

HER2-positive BNEN. In addition, patients diagnosed with

positive hormone receptor BNEN can receive adjuvant

endocrine therapy (22). Chemotherapy is also an option as

adjuvant therapy in subjects at high risk of recurrence or as

neo-adjuvant therapy in those with locally advanced or

unsuitable surgical BNEN. It seems reasonable to use the same

chemotherapeutic approach applied to ductal breast cancer.

Therefore, regimens that include anthracyclines and taxanes

should be preferred when chemotherapy is indicated (23). In

this case, the patient had two poor prognostic factors, namely,

lymph node involvement and positive HER-2, and the AC-TPH

regimen was selected according to the APHINITY study (24).

After trastuzumab-based adjuvant therapy, following the

ExteNET study, we may consider intensive treatment with

Neratinib for 1 year (25).

The clinical features of BNEN are indistinguishable from

non-specific types of invasive breast cancer, frequently as a

palpable lump or abnormal screening program. Therefore, the

diagnosis of BNEN is based on histopathology, relying on

pathologists to identify specimens with neuroendocrine

differentiation and perform immunohistochemical staining for

neuroendocrine markers (CgA/B and/or Syn). In addition, the

signet ring feature is a rare morphological subtype of NENs, and

current reports predominantly focused on the digestive system.

Our case is the first neuroendocrine tumor with a signet ring cell

feature in the breast. In breast cancer, the differentiation of signet

ring cells can be observed in some histological types, such as

primary signet ring cell carcinoma, invasive ductal carcinoma,

invasive lobular carcinoma, and metastatic breast cancer. BNEN

with this morphology requires extensive immunohistochemistry

and other auxiliary tests to avoid misdiagnosis, notably in needle

biopsy. According to previous reports, in contrast to pancreatic

neuroendocrine tumors with signet ring cell features, primary

hepatic signet ring cell neuroendocrine tumors have a more
Frontiers in Oncology 05
indolent clinical presentation, with slow tumor progression and

no tumor recurrence or metastasis after resection. Similarly, the

survival of patients with NENs varies significantly at different

primary sites. NENs in the rectum and appendix have the best

prognosis in the United States, with a median survival of 24.6

and 30.0 years, respectively, while pancreatic and pulmonary

NENs have a poor prognosis, with a median survival of 3.6 and

5.5 years, respectively (26). NENs in the rectum and appendix in

Taiwan have the best prognosis, with 5-year survival rates of

86.0% and 76.2%, respectively. The 5-year survival rates of NENs

in the lung, esophagus, and liver were 32.6%, 16.2%, and 9.2%,

respectively (27). The prognostic significance of the signet cell

component is still largely unknown. Because only a few cases

have been reported to date, the behavior of tumors with this

signet ring cell component still requires further study.
Conclusion

This report presents a case of invasive breast carcinoma with a

signet ring feature but negative for PAS, ruling out carcinoma with

mucin production. E-Cadherin positivity verified ductal

differentiation. ER and GATA-3 were most supportive of

mammary origin and formed an effective panel for distinguishing

primary breast from primary gastrointestinal signet ring tumors.

Syn positivity and neuroendocrine granules were shown under the

electron microscope, confirming neuroendocrine differentiation.

CT examinations in the thorax, abdomen, brain, and other

further investigations can effectively rule out metastatic cancer.

We consider this signet ring feature with neuroendocrine

differentiation as heterogeneity of this invasive ductal carcinoma

of the breast. Nevertheless, the prognosis of this pathological type is

unclear. Recognizing this unique histological pattern is essential for

proper diagnosis and patient care. The signet ring morphology

presents significant challenges for pathological diagnosis.
FIGURE 3

(A) HER-2 detection by FISH, HER-2/CEP17>2.0. (B) Electron microscopy shows aggregation of numerous neurosecretory granules (black
arrows) and intermediate filaments (white arrows).
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