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Abstract
BACKGROUND
Neuroendocrine carcinoma of the breast (NECB) is a rare type of malignant tumor. Due to the rarity of NECB, the relevant literature mostly comprises case reports. Available data on treatment options for NECB are very limited.

CASE SUMMARY
A 62-year-old woman presented to our hospital in October 2016 for intermittent vomiting and diarrhea and masses in the liver found on abdominal computed tomography (CT) imaging. She was diagnosed in July 2012 with neuroendocrine carcinoma of the right breast in local hospital. The patient initially presented with a painful lesion of the right breast. She then undergone surgical resection and adjuvant chemotherapy with pirarubicin and paclitaxel for four cycles as well as endocrine therapy. She was regularly followed every 3 mo after surgery. Enhanced abdominal CT imaging at our hospital revealed multiple suspicious masses in the liver with the largest lesion measuring 8.4 cm × 6.3 cm. Chest CT revealed masses in the anterior chest wall and lung. Core needle biopsy of the lesion revealed liver metastases of NECB. A bone scan showed right second anterior rib metastases. Upper endoscopy and colonoscopy did not provide any evidence of another possible primary tumor. She stopped receiving endocrine therapy and then received etoposide and cisplatin (EP) chemotherapy as a first-line treatment regimen for six cycles at our hospital after liver, bone, and lung metastases. On October 2017, the chemotherapy regimen was changed to S-1 (40 mg twice daily, days 1-14) combined with temozolomide (200 mg once daily, days 10-14) (STEM) every 21 d as a second-line treatment regimen due to disease progression. Progression-free survival (PFS) and adverse effects after treatment were analyzed, and the efficacy of the STEM regimen was assessed using RECIST version 1.1. This patient achieved a partial response after using the STEM regimen, with a PFS of 23 mo. Adverse effects included only grade 1 digestive tract reactions with no need for a reduction in chemotherapy (Table 1).

CONCLUSION
This case report suggests that the STEM regimen may be effective and well tolerated as the second-line treatment for advanced NECB. STEM is still highly effective in patients who show disease progression with the EP regimen. More evidence is needed to prove the validity of STEM.
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Core Tip: Neuroendocrine carcinoma of the breast (NECB) is a highly malignant tumor. There is no standard treatment protocol for NECB due to its rarity. We treated an NECB patient with the S-1 combined with temozolomide (STEM) regimen as a second-line treatment due to disease progression. The effect of the STEM regimen on the patient was good, and she achieved a progression-free survival of 23 mo. During the chemotherapy period, the patient achieved a partial response and suffered only grade 1 adverse reactions. This report can serve as a reference for clinical practice.

INTRODUCTION
Neuroendocrine carcinoma (NEC) constitutes a group of rare neuroendocrine neoplasms (NENs) that can be distributed throughout the body, but they are commonly found in the gastroenteropancreatic and respiratory systems[1]. NEC of the breast (NECB) is very rare, accounting for approximately 0.1% of all breast cancers and 1% of neuroendocrine tumours (NETs)[2]. Because of the high malignancy of NEC, it is prone to metastasis. Currently, there is no standard treatment for patients with advanced NECB. Capecitabine combined with temozolomide (CAPTEM) is the regimen used for poorly differentiated NEC[3-6]. Since S-1 is also a 5-fluorouracil (5-FU) prodrug that can increase anticancer activity and reduce drug toxicity, we administered S-1 combined with temozolomide (STEM) as a second-line treatment regimen to an advanced NECB patient after the failure of the first-line treatment with etoposide and cisplatin (EP). This patient achieved a good objective response with acceptable toxicities.

CASE PRESENTATION
Chief complaints
A 62-year-old woman presented to our hospital in November 2016 complaining of intermittent nausea, vomiting, and diarrhea and multiple masses in the liver found on routine abdominal computed tomography (CT) imaging.

History of present illness
The patient underwent right-sided modified radical mastectomy including lymphadenectomy with nipple and areola preservation 4 years ago at a local hospital. No lymph node metastases were detected. Postoperative pathology revealed poorly-differentiated NEC of the right breast with a size of 1.5 cm × 1.5 cm × 1 cm. Immunohistochemical staining revealed expression of chromogranin A (CgA), synaptophysin (Syn), and hormone receptors [estrogen receptor (ER) and progesterone receptor (PR)]. Staining for human epidermal growth factor receptor 2 (HER-2) was negative. The Ki-67 index was 50%-75%. Curative resection was followed by four cycles of adjuvant chemotherapy with the pirarubicin and paclitaxel regimen. The patient had been receiving endocrine therapy after operation and regular follow-up every 3 mo.

History of past illness
The patient had a free previous medical history.

Personal and family history
The patient dined any personal and family history.

Physical examination
The physical examination revealed no obvious abnormalities.

Laboratory examinations
Laboratory examination revealed no obvious abnormalities.

Imaging examinations
An initial imaging evaluation by enhanced abdominal CT revealed multiple masses in the liver, with the largest one measuring about 8.4 cm × 6.3 cm. Chest CT showed a mass on the right front chest wall and a small nodule in the upper lobe of the right lung.
The liver lesions were further evaluated by abdominal magnetic resonance imaging (MRI), which revealed multiple masses in the liver with the largest one measuring about 8.8 cm × 6.7 cm. A whole body bone scan revealed increased bone metabolism in the second anterior rib on the right, which was considered local bone invasion caused by chest wall masses combined with previous chest CT findings.

Further diagnostic work-up
Further clinical work-up including upper endoscopy and colonoscopy did not reveal further pathological findings, not providing any evidence of another possible primary tumor.
The pathological consultation performed at our hospital of the primary breast lesion showed an NEC in the right breast with no metastases in the axillary lymph nodes. Immunohistochemical staining revealed expression of Syn, CgA, and hormone receptors (ER > 50%, slightly weaker expression of PR). Staining for HER-2 was negative. The Ki-67 index was approximately 50%.
This patient underwent a liver and chest wall biopsy at our hospital. Liver and bone metastases of the NECB were detected. Immunohistochemical analysis of a biopsy taken from the lesion in the liver and chest wall showed an NEC with positive expression of CgA and Syn as well as strong expression for ER (> 95%). The expression of O6-methylguanine DNA methyltransferase (MGMT) and somatostatin receptor SSTR2 was negative. The Ki67 index was approximately 70% (Figure 1).

FINAL DIAGNOSIS
The final diagnosis of the presented case was stage IV NECB with liver, lung, and bone metastases.

TREATMENT
Apparently, this patient presented with liver, lung, and bone metastases at 4 years after right modified radical mastectomy. Systemic chemotherapy was initiated using chemotherapeutic regimen based on etoposide (120 mg, days 1-3, intravenously) and cisplatin (40 mg, days 1-3, intravenously) every 21 d as a first-line treatment in November 2016. After administration of six cycles of chemotherapy in March 2017, the patient was referred to our hospital. CT imaging revealed a partial response.
At 6 mo after the cessation of EP chemotherapy, the disease progressed. Then, she began receiving S-1 (40 mg twice daily, days 1-14) combined with temozolomide (200 mg once daily, days 10-14) orally every 21 d beginning in October 2017. The last time that the patient received STEM chemotherapy was July 2019.

OUTCOME AND FOLLOW-UP
The patient underwent blood cell counts and creatinine and liver function tests at every cycle. Radiological assessment was performed every three cycles to evaluate the efficacy using RECIST version 1.1. The side effects were categorized according to the National Cancer Institute Common Terminology Criteria for Adverse Events, version 5.0.
Abdominal MRI analysis after one year of the STEM regimen showed a significant reduction in hepatic lesions until September 2019, when MRI analysis showed an increase in liver lesions, indicating disease progression (Figure 2). After receiving the STEM regimen, this patient achieved a partial response, with a progression-free survival (PFS) time of 23 mo. STEM treatment was well tolerated by the patient. Grade 1 digestive tract adverse reactions occurred, but a dose reduction was not needed.
The patient experienced twice hepatic artery embolization afterwards. She then orally received a small molecule inhibitor of multiple receptor tyrosine kinases, with inhibitory effects on tumor angiogenesis and growth. The therapy is still being continued and the patient is still alive.

DISCUSSION
NENs are a rare and heterogeneous group of tumors that can be divided into well-differentiated NETs and poorly-differentiated NEC. NEC is associated with a poor prognosis and rapid progression with a high Ki-67 proliferation index of > 20%. According to the 2012 World Health Organization, breast tumors with neuroendocrine features are divided into three categories: Well-differentiated NETs, poorly differentiated NEC, and invasive carcinoma with neuroendocrine differentiation. Interestingly, poorly differentiated NECs are morphologically identical to small-cell lung cancer (SCLC)[7]. NECB is rare in both breast cancer and extrapulmonary NEC. Based on the data collected from the Surveillance, Epidemiology And End Results (SEER) database, Wang et al[8] reported that from 2003 to 2009, there were only 142 cases of primary NECB among 381786 cases of invasive breast carcinoma.
NECB usually expresses neuroendocrine markers such as CgA, Syn, and CD56, tends to express hormone receptors such as ER and PR, and is usually negative for HER-2[9]. Imaging examinations such as mammography or MRI are necessary, but a definitive diagnosis depends on the pathology examination of the tissue after surgery or biopsy. In this case, immunohistochemical staining of the lesions in the breast, liver, and chest revealed expression of CgA, Syn, and hormone receptors. Staining for HER-2 was negative.
NECB is not different from other types of breast cancer in terms of its clinical characteristics. Most patients initially present with a hard breast lump. It is reported to be more common in older women[8]. In our case, the patient’s age was 62 years, which is consistent with the findings of previous reports. The most common distant metastatic sites are the liver and bone[10]. Long-term follow-up is necessary because NECB can metastasize to many sites, even after many years of treatment[11]. In this patient, liver and right-rib metastases occurred approximately 4 years after surgery.
There is no standard treatment protocol for NECB due to its rarity. Radical mastectomy and axillary clearance are the only curative methods for early NECB. However, NECB is highly malignant and prone to metastasis. Chemotherapy is needed for patients with a high risk of recurrence or advanced unresectable tumors. Chemotherapy for NECB generally conforms to the principles of chemotherapy for other types of breast cancer or SCLC[12,13], which include anthracyclines and taxanes or platinum-based regimen. Etoposide combined with cisplatin or carboplatin (EP/EC) is recommended as the first-line treatment option for patients with unresectable advanced NEC. However, NEC is heterogeneous, and NEC tumors at different sites respond differently to platinum-based chemotherapy[14]. A retrospective study[14] of 252 patients with advanced gastrointestinal NEC showed that patients who were treated with EP or EC as the first-line regimen had a response rate of approximately 30% in terms of achieving stable disease. The median PFS was 4 mo. We administered EP as the first-line treatment for our NECB patient, and she achieved a partial response with a PFS of 11 mo.
Second-line treatments for NEC have been reported, such as 5-FU combined with oxaliplatin or irinotecan (FOLFOX/FOLFIRI) and a temozolomide-based regimen[15-18]. However, there are no related reports on NECB. S-1 is a novel oral 5-FU prodrug comprising three components. Considering that S-1 is also a fluoropyrimidine antimetabolite agent that can increase anticancer activity and significantly reduce drug toxicity[19], we treated this patient with the STEM regimen as second-line treatment. The effect of the STEM regimen on the patient was good, and she achieved a PFS of 23 mo. During the chemotherapy period, the patient achieved a partial response and suffered only grade 1 adverse reactions. It is important to note that this patient, for whom the previous chemotherapy regimen had failed, still responded to the STEM regimen. This patient was amenable to the oral chemotherapy regimen due to its convenience and relatively few side effects.
Patients positive for somatostatin receptors can benefit from treatment with somatostatin analogues (SSAs) and peptide receptor radionuclide therapy[20,21]. In addition, novel targeted therapies may provide additional treatment options for NECB[22].
Tumor size and stage, hormone receptor status, and the Ki67 proliferation index are independent prognostic factors[8,23]. Oral treatment with the STEM regimen was highly effective in this case, which may be related to the relatively low Ki67 index and negative MGMT expression[22].

CONCLUSION
Our understanding of treatment efficacy for NECB is limited due to its rarity. As shown in this case, the STEM regimen is a promising alternative therapy that elicits few side effects and has a high curative effect. This report can serve as a reference for clinical practice. However, the efficacy of this regimen as a second-line solution for NECB requires further exploration.
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Figure 1 Pathological analysis and immunohistochemical staining. A: Hematoxylin and eosin (100 ×) staining of right breast tissue; B: Hematoxylin and eosin (100 ×) staining of liver core biopsy specimen; C: Ki-67 index of 70%; D: Immunohistochemical staining (100 ×) reveals positivity for synaptophysin.
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[bookmark: _Hlk52615821]Figure 2 Follow-up abdominal magnetic resonance imaging at the beginning, 1 year, and 2 years post administration of STEM chemotherapy. A: Abdominal magnetic resonance imaging (MRI) of the patient with hepatic metastasis performed in October 2017; B: MRI in November 2018; C: MRI in September 2019. D: Whole-body bone scans performed in November 2016. In October 2017, the enhanced image revealed a large mass of the right lobe of the liver, with marked enhancement of the edge, which was reduced in November 2018 and had progressed by September 2019. The whole-body bone scans showed right second anterior rib metastases.
Table 1 Timeline
	April 2012
	July 2012
	2012-2016
	October 2016
	October 2016
	November 2016-March 2017
	October 2017-July 2019

	Feel pain of the right breast
	Right-sided modified radical mastectomy. Diagnosis of neuroendocrine carcinoma of the breast
	Endocrine therapy + regular follow-up
	Intermittent nausea, vomiting and diarrhea; multiple masses in the liver found on routine abdominal CT imaging
	Diagnosis of neuroendocrine carcinoma of the breast stage IV with liver, lung, and bone metastases
	Etoposide and cisplatin chemotherapy
for 6 cycles
	S-1 combined with temozolomide chemotherapy

	
	Local hospital
	Local hospital
	
	Our hospital
	Our hospital
	Our hospital
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