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Abstract

Breast carcinoma with neuroendocrine differentiation, also known as neuroendocrine breast carcinoma (NEBC), includes
a heterogeneous group of rare tumors, which account for 2-5% of all invasive breast carcinomas. Because of their low
incidence, most of the current limited knowledge of these tumors derives from anecdotal case reports or small retrospective
series. The diagnosis of NEBC is based on the presence of morphological features similar to gastrointestinal and lung NETs
and neuroendocrine markers. NEBCs are usually hormone receptors positive and HER2 negative, but despite this luminal
phenotype, most recent studies suggested that NEBC could be associated with worse prognosis compared to invasive breast
cancer without neuroendocrine differentiation. Due to its rarity and lack of randomized data, there is little evidence to guide
the choice of treatment, so NEBC is currently treated as any invasive breast carcinoma not-otherwise specified. Recently,
attempts to molecularly characterize NEBC have been made, in order to provide new targets for a more personalized treat-
ment of this uncommon entity.
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Introduction

Breast carcinoma with neuroendocrine differentiation,
also known as neuroendocrine breast carcinoma (NEBC),
includes a heterogeneous group of rare tumors, which
account for 2-5% of all-invasive breast carcinomas [1].
Because of their low incidence, most of the current lim-
ited knowledge of these tumors derives from anecdotal
case reports or small retrospective series. Their definition,
prevalence, and prognosis remain controversial in literature.
To date, there is no standard treatment specifically tested in
NEBC.
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In this review, we summarize the current evidence and
the main challenges about epidemiology, histopathological
and immunohistochemical features, diagnosis, prognosis,
and treatment of NEBC. We also discuss new insights and
novel potential therapeutic targets, resulting from a better
molecular knowledge of this uncommon entity.

Methods

On January 2020, we performed a comprehensive literature
review of the PubMed database concerning NEBC using
terms “breast” AND (“neuroendocrine differentiation” OR
“neuroendocrine carcinoma’” OR “neuroendocrine tumor”).
The search was limited to articles published in English.

Histopathological and immunohistochemical
features

NEBC was first described in 1963 by Feyrter and Hartmann
as carcinoid growth pattern within two cases of breast cancer
[2]. Later, in 1977, Cubilla and Woodruff classified eight
cases of breast cancers as “carcinoid” [3]. Only several years
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later, in 2003, the World Health Organization (WHO) rec-
ognized NEBC as a separate entity of breast cancer, show-
ing morphological characteristics similar to gastrointestinal
and pulmonary neuroendocrine tumors (NETs), with the
expression of a neuroendocrine marker in at least 50% of
tumor cells [4]. Chromogranin A (CgA) and synaptophysin
(Syn) are the most sensitive neuroendocrine markers [5-7],
whereas neuron-specific enolase (NSE) and CD56 are less
sensitive and less specific [8, 9]. In 2012, WHO classifica-
tion was revised and the threshold value of > 50% of neu-
roendocrine marker expression in tumor cells was removed,
since this cut-off was considered arbitrarily set. According to
the 2012 WHO classification, these tumors were categorized
into three groups: well differentiated NEBC (NETs, which
included low- and intermediate-grade tumors), poorly differ-
entiated NEBC/small cell carcinoma, and NEBC determined
by histochemistry or immunohistochemistry (IHC) [1]. The
latter category included breast carcinoma of no special type
(NST), as well as special type such as solid papillary car-
cinoma and the hypercellular subtype of mucinous carci-
noma. Indeed, as described by Capella et al., the so-called
type B of mucinous carcinoma often show neuroendocrine
differentiation [10]. According to the 2012 WHO classifica-
tion, the distinction between NETSs and grade 1 or 2 breast
carcinomas of other types that show neuroendocrine differ-
entiation was not so clear. For this reason, the key feature
of the 2019 WHO classification is the distinction between
well-differentiated NETs and poorly differentiated neuroen-
docrine carcinomas (NECs), and breast neuroendocrine neo-
plasms are now categorized as NETs, small cell NECs and
large cells NECs [11].

NEBC:s are typically hormone receptors (HR) positive
and human epidermal growth factor receptor 2 (HER2) neg-
ative [12—14] (Fig. 1). They can belong to either the lumi-
nal A or luminal B molecular subtypes. In 2008, Weigelt
et al. described a limited cohort of 6 NEBCs, with 5 cases
of luminal A tumor and 1 case of luminal B tumor [12]. In
a larger series, Bogine et al. subdivided 112 NEBCs with
luminal phenotype as 42% luminal A and 58% luminal B

[13]. Similarly, in their series of 47 NEBCs, Lavigne et al.
reported 52% of their cases as luminal A and 48% as lumi-
nal B [14]. On the other hand, HER2 is only sporadically
amplified [15-17]. Somatostatin receptors (SSTRs) are
G-protein coupled receptors expressed by NET cells at
lung, prostate and gastrointestinal level, as well as by ductal
breast cancer cells. There are five known subtypes of SSTRs
(named SSTR1 to SSTRY), with SSTR2A being the subtype
most commonly expressed in breast cancer and being most
closely associated with luminal tumors [18-20]. Recently,
the presence of SSTR2A and SSTRS has been investigated
in NEBCs. Namely, in a retrospective series of 31 cases, the
total percentage showing a positive membrane IHC reaction
was 71% for both SSTR2A and SSTRS5 [21].

Epidemiology

NEBC is a rare entity. The reported prevalence of NEBC
among breast cancers varies from 0.1 to 18% [1, 4, 22-24].
According to the 2003 classification, the prevalence of these
tumors was estimated between 2 and 5%. However, in the
Surveillance Epidemiology and End Results (SEER) data-
base, only 142 cases of NEBC were identified during the
period from 2003 to 2009, which corresponded to a preva-
lence of <0.1% [24]. The lack of uniform morphological
and immunohistochemical diagnostic criteria may explain
the different prevalence reported in the literature.

Similarly to the more frequent types of breast cancer,
NEBC is more common in female patients between the sixth
and seventh decade of age [24]. However, few cases have
been diagnosed even in the premenopausal period [15, 25]
or in male patients [26—28].

Prognosis

The prognostic implications of neuroendocrine differentia-
tion in breast carcinoma remain controversial. Historically,
based on small studies, NEBC was thought to have prognosis
similar [22, 23, 29], or even better [30, 31], compared to

Fig. 1 Pathological findings in a large cells neuroendocrine carcinoma of the breast (WHO [11]). a H&E stain, x10, b on immunohistochemis-
try, tumor cells show diffuse positive stain for Chromogranin A (x10), and ¢ estrogen receptors (x10)
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invasive ductal carcinoma of no special type. However, most
recent studies suggested that NEBC could be associated with
worse long-term outcomes [24, 32-36]. Among these, the
population-based study from SEER database showed that
overall survival (OS) and disease-specific survival (DSS)
were significantly shorter in NEBC compared with non-
NEBC at the same stage [24]. Also a large retrospective
study conducted by Zhang et al. showed a higher probabil-
ity of local recurrence and poorer OS for NEBCs [34]. Of
course, the limited number of studies reported in literature
and the lack of uniformity in the definition and classification
may affect these conflicting results concerning the clinical
outcome of NEB. Likewise, some authors investigated the
possible impact of histologic subtyping of NEBC accord-
ing to the 2012 WHO classification on prognosis, providing
different evidences. Cloyd et al. showed that small cell car-
cinoma subtype is associated with worse DSS and OS com-
pared to well-differentiated NECB and invasive carcinoma
with neuroendocrine features [36]. More recently, in a small
series of 47 patients, Lavigne et al. did not find any statisti-
cally significant difference in terms of prognosis between the
three subtypes, although OS and progression-free survival
(PFS) of the seven poorly differentiated neuroendocrine car-
cinomas were actually worse compared with the other two
groups [14].

Diagnosis

The diagnosis of NECB can be challenging. NEBCs have no
distinctive presenting signs or symptoms. Very rarely, NEBC
can present peculiar clinical features related to hormonal
hypersecretion [37]. In fact, anecdotal cases of patients
showing symptoms secondary to ectopic secretion of calci-
tonin, norepinephrine or ACTH have been described in the
literature [38—40]. Similarly to typical luminal subtypes of
breast cancer, NEBC can metastasize to several sites, but
more frequently to bone and liver [37, 41].

The imaging findings in patients with NEBC are not spe-
cific, and comparable to the ones of other types of breast
tumors. Some authors showed that NEBCs may present
on mammography as well circumscribed lesions, with no
associated microcalcifications, and on ultrasonography, as
hypoechogenic mass with irregular morphology and ill-
defined margins, with or without cystic component. On
magnetic resonance, NECB was described—at least in some
cases—as a hypointense irregular lesion on T1-weighted
sequences, with early and intense enhancement [42—44].

Since the diagnosis of NEBC is based on morphological
features and neuroendocrine markers, a biopsy is required
for definitive diagnosis. Because of their rarity as primary
breast carcinomas, metastasis from another primary neu-
roendocrine tumor should be always excluded for a differ-
ential diagnosis. The presence of a ductal carcinoma in situ

component is consistent with the primary nature of the
tumor [45].

To exclude a different primary site, a chest and abdo-
men computed tomography (CT) scan should be performed.
Moreover, for the same purpose, a positron emission tomog-
raphy (PET)-CT with 68Gallium-labeled somatostatin ana-
logs can be performed in the case of well-differentiated
NEBC, whereas 18-fluorodeoxyglucose PET-CT could be
useful in the case of poorly differentiated NEBC or small
carcinomas with a high proliferation rate [46, 47].

Treatment

Due to its rarity and lack of randomized data, there is little
evidence to guide the choice of treatment. Consequently,
NEBC is currently treated as any invasive breast carcinoma
not-otherwise specified.

Surgery is the mainstay of the treatment for early NECB,
and the choice of surgical procedure depends on the loca-
tion of the tumor and on the clinical stage. Since there are
no robust data on the role of adjuvant/neoadjuvant therapy
in NEBC, it should be prudentially considered according to
the same indications adopted for the other types of invasive
breast cancer. Likewise, there are no NEBC-specific treat-
ments in the metastatic setting. As for the more common
types of breast cancer, treatment strategy should be based
on the tumor burden and biological features, as well as the
age, menopausal status, general conditions and preferences
of the patient [48].

As described above, NEBCs usually exhibit a luminal
phenotype; considering that endocrine therapy (ET) has a
well-established role in the treatment of HR-positive breast
cancer, therefore, it could be a useful tool in the manage-
ment of NEBCs [49-51]. The addition of a cyclin-dependent
kinase (CDK) 4/6 inhibitor to an aromatase inhibitor has
significantly changed the prognosis of metastatic patients,
both naive and pre-exposed to ET, providing a great benefit
in terms of PFS and, at least in some studies, in terms of OS
[52-54]. Namely, the combination of palbociclib and ful-
vestrant has been used in the treatment of a patient affected
from NEBC, with positive results [55]. The patient, affected
by high-grade NEBC, was refractory to platinum-based
chemotherapy as well as first-line hormonal treatment with
tamoxifen and leuprolide, but showed a durable response to
fulvestrant plus palbociclib.

Everolimus has demonstrated efficacy in well differenti-
ated pancreatic, gastrointestinal and lung NETSs [56-58]. Fur-
ther” more, this drug has a specific indication in breast cancer
patients, because, in addition to exemestane, it significantly
prolonged PFS in metastastic HR positive, HER2-negative
breast cancer previously exposed to ET [59]. In light of both
these data, a combination of everolimus and exemestane could
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Conclusions

In summary, NEBC includes a group of rare breast carci-
nomas, that tend to occur in older women. The diagnosis
of NEBC is based on the presence of morphological fea-
tures similar to gastrointestinal and lung NETs, along with
the presence of neuroendocrine markers. Due to its rarity
and its recent recognition as a separate entity, the current
diagnostic and therapeutic protocol is similar to that of
general invasive breast carcinomas. Despite its frequent
luminal (A or B) phenotype, most recent studies have
reported poorer clinical outcomes for NEBC compared
with typical breast carcinomas without neuroendocrine
differentiation. Therefore, there is a still unmet need to
enhance the ability to identify this uncommon entity, as
well as to better know its biology for setting up a more
tailored treatment.
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