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Extra pulmonary high-grade poorly differentiated neuroendocrine carcinomas (EP-NECs) are
rare tumors that usually arise in the gastrointestinal and genitourinary tracts. Primary
neuroendocrine carcinoma of the breast (NEBC) is extremely rare, representing less than
0.1% of all breast cancers and less than 1% of neuroendocrine neoplasms. Consequently,
they can be misdiagnosed as other types of breast cancer, however, proper
immunohistochemical (IHC) studies can assist with making the correct diagnosis.
Management of NEBC can be challenging given the paucity of evidence-based literature
and should not routinely follow the therapeutic guidelines of other breast cancers. In this
article, we review the current literature regarding the management of NEBC.
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INTRODUCTION

Although neuroendocrine cells are widely distributed throughout the human body, neuroendocrine
neoplasms (NENs) are uncommon. There are multiple definitions, classifications, and
nomenclatures that have been used for NENs. However, over the past two decades, NEN
nomenclature has evolved to divide them into two major categories: well-differentiated
neuroendocrine tumors (NETs) and poorly differentiated neuroendocrine carcinomas (NECs).
Primary NECs of the breast are rare tumors (NEBC), with an incidence rate of only 0.3%-0.5%,
accounting for 0.1%-5% of breast cancers and less than 1% of neuroendocrine neoplasms [1]. The
difference in reported prevalence rates is due to the lack of uniform histological and
immunohistochemical (IHC) diagnostic criteria and usually the IHC neuroendocrine markers
are not routinely used in the diagnosis of breast cancer. The first case of neuroendocrine
differentiation in a breast carcinoma was observed in 1963 by Feyrter and Hartmann. It was not
until 1977 when the first case of primary NEBC was reported by Cubila and Woodruff who provided
clinical and histological classification for this rare subtype of breast cancer [2, 3]. Because of their low
incidence, current knowledge of this tumor is scarce and based on a limited number of anecdotal case
reports or small retrospective series. Therefore, their definition, pathological diagnosis, and
management remain controversial in the current literature. In this review, we summarized the
current evidence about histopathological, immunohistochemical features, as well as management
and prognosis of NEBC.

Oncology Reviews | Published by Frontiers

1 February 2024 | Volume 18 | Article 12114


http://crossmark.crossref.org/dialog/?doi=10.3389/or.2024.12114&domain=pdf&date_stamp=2024-02-09
http://creativecommons.org/licenses/by/4.0/
mailto:amr.mohamed@uhhospitals.org
mailto:amr.mohamed@uhhospitals.org
https://doi.org/10.3389/or.2024.12114
https://doi.org/10.3389/or.2024.12114

Mohamed et al.

HISTOPATHOLOGY

The 2003 World Health Organization (WHO) breast cancer
classification defined NECB as an independent histological
entity with immunoreactivity for neuroendocrine markers
(chromogranin, synaptophysin, INSM1) in more than 50% of
the tumor cells. This WHO classification excluded from their
definition breast carcinomas with focal neuroendocrine
expression [4, 5]. The classification was later revised in
2012 with two major changes, including the removal of the
50% cut-off value for IHC marker expression, and the
categorization of breast neuroendocrine neoplasms (NENs)
into three major groups: well differentiated NET, poorly
differentiated NEBC/small cell carcinoma, and breast
carcinoma with NE features determined by IHC. The latter
category included two entities: breast carcinoma of no special
type (NST), and special type such as hypercellular mucinous
carcinoma or solid papillary carcinoma [6]. With the challenges
involved in distinguishing between NEBC and breast carcinoma
with NE features, the WHO in 2019 then reclassified breast NENs
into either well differentiated NET or poorly differentiated
NEBC, which included both small cell NEC and large cell
NEC [7]. The NEBC-small cell carcinoma subtype can also be
misdiagnosed as lobular carcinoma; however, E-cadherin labeling
may help to distinguish between the two tumors. Additionally,
hormone receptor (ER and PR) expression is typically observed in
NECB [8]. Finally, the differential diagnosis for breast metastasis
of a primary NET of another origin (esp. gastrointestinal) should
always be excluded by proper IHC.

CLINICAL PRESENTATION

The typical median age for NEBC is 60-70 years of age, with a
strong female predominance [9]. Clinically, there are no specific
or notable endocrine signs or symptoms with regard to NEBC.
While well-differentiated NETs have the ability to secrete
hormones, poorly differentiated NETs are exclusively non-
functional tumors. Limited previous data indicated that NECB
can be sporadically present with endocrine syndromes related to
ectopic production adrenocorticotropic hormone,
norepinephrine, or calcitonin. These data did not distinguish
between different subtypes of breast NENs and it is likely that the
majority of these are related to well-differentiated NET's and not
poorly differentiated NEC [10-12]. The main presentations for
NEBC are similar to invasive breast ductal cancers (IBD),
ie, presenting with a palpable breast mass, bloody nipple
discharge, skin ulceration or retraction, and axillary lymph
nodes enlargement. Most NEBC patients present with
metastatic disease at diagnosis, which is due to the aggressive
behavior of NECB.

DIAGNOSTIC EVALUATION

Diagnostic evaluation for NECB starts with mammography,
ultrasonography, and core needle biopsy. Fine Needle
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Aspiration (FNA) is inadequate for the diagnosis of NECB as
they have similar cytological and morphological characteristics
seen in other breast tumors such as invasive ductal carcinoma or
intraductal papilloma. Therefore, imaging-guided core needle
biopsy with IHC staining of neuroendocrine markers is
needed for definitive diagnosis of NECB. As most of NEC
originate from the lung and gastrointestinal tract, it is
additionally important to exclude metastatic tumors from
other primary NE sites, and other differentials such as Merkel
cell or melanoma before making the diagnosis of primary NECB.
The existence of ductal carcinoma in situ provides a valid clue to
the primary nature of the tumor [13]. Histologic subtypes of
NECB includes small cell NEC, large cell NEC, and mixed
neuroendocrine/non-neuroendocrine neoplasm of the breast
(Br-MINEN) [6, 14] (Table 1) (Figures 1, 2). Small cell NEC
is the most common NEBC subtype and, microscopically, it is
composed of diffuse proliferation of neoplastic cells with densely
packed, small, dark hyperchromatic nuclei, scant cytoplasm with
poorly defined cytoplasmic boundaries, and high nuclear/
cytoplasmic ratio. By contrast, large cell NEC is an extremely
rare NECB subtype which is histologically characterized by large
highly pleomorphic nuclei with coarse chromatin and moderate
abundant clear or granular cytoplasm and can be misdiagnosed
with high grade breast NETs. The specific information about Br-
MINEN is scarce, with most of the published cases including the
edition of the WHO classification lacking the clinicopathological
studies on this separate identity. Therefore, the criteria for Br-
MINEN diagnosis are adopted from digestive MiNENs. Br-
MINEN contains malignant non-neuroendocrine epithelial
components, including adenocarcinoma and more than 30%
poorly  differentiated NEC  components. = Combined
adenocarcinoma with only IHC expression of neuroendocrine
markers without neuroendocrine morphology should not be
interpreted as pure Br-MiNEN. For this reason, it is critical to
distinguish real Br-MiNEN from carcinomas of the breast with
NE and non-neuroendocrine differentiation.

Some site-specific IHC markers can help distinguish between
NECB and metastatic NEC from lung or gastrointestinal sites.
TTF-1 is usually positive in approximately 70% of lung
metastases, while CDX-2 is positive in 80%-100% of
gastrointestinal metastases, and both of them are usually
negative in NECB. Previous reports indicated that positive
TTF-1 expression can also be found in poorly differentiated
mammary NECs. GATA3, mammaglobin, and GCDFP15 are
usually positive for primary NECB and negative for secondary
tumors. However, it is important to emphasize that GATA-3 is
non-specific for NECB and has been reported in other cancers
such as urothelial carcinomas, mesotheliomas, squamous cell
carcinomas, and renal epithelial tumors. Regarding molecular
characteristics of NECB, they are usually hormone receptor-
positive (ER/PR +ve) and human epidermal growth factor
receptor 2 (HER-2)-negative. There are only very few data
regarding mutational profile of NECB. Previous results
demonstrated PIK3CA mutation in 7%-20%, GATA-3,
FOXA1, TBX3, and ARIDIA mutations in approximately 17%,
and low frequency of AKT1 and CDHI1 mutations. However,
TP53 and Rbl loss is frequent in NEC, almost all the data

Oncology Reviews | Published by Frontiers

February 2024 | Volume 18 | Article 12114



Mohamed et al.

Neuroendocrine Breast Carcinoma (NEBC)

TABLE 1 | Histologic subtypes of breast neuroendocrine neoplasms (NENs).

Differentiation Grade

Well differentiated neuroendocrine tumor (NET) G1
G2
G3

Poorly differentiated neuroendocrine G3

carcinoma (NEC)
Breast mixed neuroendocrine-non-neuroendocrine  Variable
(Br-MINEN)

Ki67/MI Subgroups

Ki67 < 3%

Ml < 2 mitoses/10HPF
Ki67 3%—-20%

MI 2-20 mitoses/

10HPF

Ki67 > 20%

MI > 20 mitoses/10HPF

Ki67 > 20% Small cell NEC

Ml > 20 mitoses/10HPF  Large cell NEC

Variable At least 30% neuroendocrine component (Well or poorly
differentiated) and non- neuroendocrine epithelial components (mostly
adenocarcinoma)

synaptophysin [14].

FIGURE 1 | Small cell neuroendocrine carcinoma of the breast. (A) H&E staining on high power field (x40) showing neoplastic cells with nuclear pleomorphism,
nuclear molding, mitotic figures, hyperchromatic nuclei, minimal cytoplasm, and indistinct nuclei consistent. (B) Immunohistochemical staining positive for

g - ; ¥
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Chromogranin A (x10) [6].

FIGURE 2 | Large cells neuroendocrine carcinoma of the breast. (A) H&E stain, x10, and (B) on immunohistochemistry, tumor cells show diffuse positive stain for

exclusively are for GI-NEC and few data showed that NECBhasa  performed to look for possible primary tumors with breast
markedly low rate of these mutations (<7%) [15]. Regarding metastasis. Positron emission tomography scan (PET-FDG 18)
diagnostic imaging for NECB, work up with computed  provides additional diagnostic clues when the discrimination of
tomography (CT) scan of the chest and abdomen should be  primary and secondary NEC remains doubtful. Some practical
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TABLE 2 | Data from case reports and retrospective studies for localized NECB [1-12].

Author Stage NEC Ki67% Hormone Surgery Neoadjuvant chemotherapy Adjuvant Hormonal
subtype status chemotherapy therapy

Christie [20] lnc SC NR ER/PR/ Yes No Yes No
Her-2 —ve CBDCANP-16

Nicoletti [21] 1B SC 90% ER/PR +ve Yes No Yes Yes
Her-2 —ve AC+CBDCA/NP-16

Latif [22] B SC NR ER/PR/ Yes No Ys No
Her-2 —ve CBDCANP-16

Yildirim [23] 1B NR 60% ER/PR/ Yes No Yes No
Her-2 —ve CDDPNA/P-16

Yildirim [23] B NR 50% ER/PR +ve Yes No Yes Yes
Her-2 —ve CDDPNA/P-16

Watrowski [28] IA MINEN 46% ER/PR +ve Yes No Yes Yes
Her-2 —ve CDDPNA/P-16

Angarita [19] 1B NR >20%  ER+ve Yes Yes Yes Yes
PR/Her-2 —ve Doxorubicin and cyclophosphamide CDDPNA/P-16

Pagano [24] A NR 30% ER/PR +ve Yes No Yes Yes
Her-2 —ve CMF

Wei [17] A NR 40% ER+ve Yes Yes Yes No
PR/Her-2 -ve EC + DTX

Janosky [25] A LC 100%  ER/PR/ Yes Yes Yes No
Her-2 —ve Doxorubicin, and cyclophosphamide followed by AC + DTX

paclitaxel
Abou IIA SC 50% ER/Her-2 —ve Yes No Yes No
Dalle [18] PR +ve CDDPNA/P-16
+ FEC

Valente [26] 1B NR 90% ER/PR +ve Yes No Yes Yes
Her-2 —ve FEC

Kawasaki [27] A LC 75% ER/PR/ Yes No Yes No
Her-2 —ve EC

SC, small cell; LC, large cell: MINEN, Mixed Non-neuroendocrine-neuroendocrine neoplasm; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor
receptor 2; ET, endocrine therapy; Chemo, chemotherapy; NR, non-reported. CHEMO: AC, Adriamycin (Doxorubicin)/Cyclophosphamide; CBDCA, carboplatin; CDDP, cisplatin; DTX,
docetaxel; EC, Epirubicin/Cyclophosphamide; FEC, Fluorouracil/Epirubicin/Cyclophosphamide; VP-16, Etoposide.

criteria can be used for differential diagnosis. For example, masses
with absence of in situ involvement, negative ER/PR, and the
absence of involved axillary lymph nodes are highly indicative of
a secondary rather than a primary tumor [16].

TREATMENT

Localized Disease

A minority of patients with a NECB will present with localized
disease but, given its rarity, there are no randomized trials
available to guide management. This is important to note, as
such a trial could potentially guide the treatment of NECB and
compare combination regimens to ductal carcinoma. The
therapeutic approach for localized disease is not based on
prospective data but rather based primarily on retrospective
studies and case reports. Surgical excision is the preferred
option for localized disease, similar to ductal and lobular
breast cancer. As in other types of breast cancer, adjuvant
chemotherapy and/or chemoradiation is employed for NEBC
after curative intent surgery depending on tumor size, lymph
node involvement, and metastasis. There is no sufficient data that
have compared the benefit from adjuvant platinum-based versus
taxane-based and/or anthracycline chemotherapy regimens.
Long-term survival benefit for etoposide plus cisplatin or

carboplatin (EP) adjuvant chemotherapy for NEC has been
extrapolated from SCLC, and no study has included patients
with NECB. Regarding the optimal number of cycles in the
adjuvant setting there is not enough data to support six cycles
over four cycles of EP. Therefore, the number of adjuvant
chemotherapy cycles should be based on patient tolerability.
Data for using taxane-based or TEC (docetaxel, epirubicin,
and cyclophosphamide) chemotherapy in NECB has been
associated with partial response mainly in the neoadjuvant
setting in case reports and retrospective analysis [17]. There is
limited data to consider these regimens for the adjuvant setting.
Therefore, it should be reserved for patients with inoperable or
large tumors in which breast-conserving surgery has been
selected. The survival benefit of adding concurrent or
sequential radiation to EP chemotherapy in NECB is based
upon data from limited-stage SCLC, and there are no specific
randomized trials for EP-NEC. Consequently, adjuvant chemo-
radiation should be considered in selected patients with locally
advanced disease (T3-T4, positive surgical margins, and/or
lymph node involvement). Given that most patients with
NECB have positive ER/PR receptors, then considering
endocrine therapy may be helpful. Case reports have mainly
demonstrated significant response using neoadjuvant goserelin
and letrozole in young patients with localized large (>5cm)
poorly differentiated breast NEC. This suggests that
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neoadjuvant endocrine therapy may be considered for NECB,
especially for patients with large tumors and positive ER/PR
receptors. However, HER-2 amplification has been reported in
NECB, data for using HER2 monoclonal antibody therapy has
been limited to case reports in adjuvant settings, and there is not
enough evidence to combine it with current adjuvant cytotoxic
chemotherapy [17-28] (Table 2).

Metastatic Disease

Palliative systemic chemotherapy is the main treatment of
patients with metastatic NEC. First line therapy for NEC has
been historically adapted from small cell lung cancer (SCLC),
with etoposide plus platinum (Cisplatin or Carboplatin) as the
standard regimen. The data was primarily retrospective with an
RR range between 40% and 50%, PFS of 6 months, and median
OS between 10 and 14 months with 2-year SR of <11%. A recently

Neuroendocrine Breast Carcinoma (NEBC)

published phase III study (JCOG-1213 trial) evaluated irinotecan-
based regimens (irinotecan plus cisplatin doublet, IP) versus
platinum etoposide (EP) in 170 EP-NEC patients. There were
no significant differences in either PFS (5.6 months vs.
5.1 months, HR 1.060, 95% CI, 0.777-1.445) or objective
response rates (54.5% vs. 52.5%) between EP and IP
respectively. On the basis of this trial, we can conclude that
either chemotherapy regimen could be considered as a first line
option for metastatic EP-NEC. The previous retrospective
analysis and recent prospective trials mainly included patients
with gastrointestinal and hepatobiliary NEC, and none of them
actually included NEBC. Although there are no clear data on the
outcomes of these regimens in NECB, it is reasonable to utilize
similar chemotherapy regimens given similar disease biology
between NEBC and other EP-NEC. Most patients who
progress after first line cytotoxic chemotherapy have limited

e |C: Irinotecan plus cisplatin
e |CPIs: Immune check point inhibitors

e EP: Etoposide plus platinum (cisplatin or carboplatin)
e TC: Taxotere and cyclophosphamide

FIGURE 3 | Treatment algorithm for Neuroendocrine Breast Carcinoma (NEBC): EP, Etoposide plus platinum (cisplatin or carboplatin); TC, Taxotere and
cyclophosphamide; IC, Irinotecan plus cisplatin; ICPIs, Immune check point inhibitors.
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therapeutic options due to lack of supportive data for standard of
care. Second-line agents were studied in EP-NEC, such as 5-FU
combined with oxalipltain or irinotecan (FOLFOX/FOLFIRI)
and a temozolomide-based regimen is mainly used for GEP-
NEC with no similar available data for NECB [29]. One study
demonstrated improved progression-free survival rate (PFS) with
temozolomide in a patient with refractory advanced NECB [25].
Another potential targeted therapy is the use of cyclin dependent
kinase 4/6 inhibitors, e.g., palbociclib, ribociclib, or abemaciclib,
as in a case report palbociclib in conjunction with endocrine
therapy was shown to be associated with a dramatic response in a
case of poorly-differentiated NECB with HR-positive/HER-
2 negative expression, and can present a future target for
this patient population [30]. Regarding the role of
immunotherapy, current data from dual check point
inhibitors (ICPIs) in EP-NEC are highly variable and there
is no enough similar data ICPIs for NECB [31]. Dual ICPIs
(ipilimumab plus nivolumab) can be considered for those who
are lacking other therapeutic options depending on the phase
II trials for EP-NEC (DART and CA209-538) especially for
patients with high tumor mutational burden (TMB) or
mismatch repair deficient (MSI-H). Considering previous
data demonstrated that a single-agent ICPI is not an
effective option for EP-NEC and should not be considered
for refractory NECB. Adjuvant endocrine therapy should be
considered for patients with hormone receptor-positive
NECB [19] (Figure 3).

Prognosis

The prognosis of NECB remains controversial. Several studies
have been published with conflicting results, and this might be
explained by the varying criteria included to identify NECB
(WHO 2003 or 2012) and the limited number of cases and
data. There is a consensus that when compared to invasive
breast carcinoma, those with NECB have worse outcomes with
shorter overall-survival (OS). Some data have suggested similar
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