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Abstract

Primary neuroendocrine carcinoma of the breast (NECB) is a rare tumour with an incident rate
of 0.3-0.5%. The most common metastatic sites of NECB are liver, bones, lung, pancreas, soft
tissues and brain, while leptomeninges metastasis (LM) is reported rarely. This current case
report describes a 50-year-old female patient with NECB and LM whose overall survival was 2
months. The report also presents the current literature regarding the knowledge of this unusual
tumour and metastatic type. The current patient was diagnosed with NECB with right cerebellar
metastasis, followed by LM. She underwent modified radical mastectomy of the left breast, left
whole breast radiation therapy and incomplete adjuvant chemotherapy until the metastasis
occurred. Whole-brain radiation therapy and a first-line salvage regimen of etoposide and cis-
platinum were then undertaken. The patient died 2 months after their LM diagnosis. Primary
NECB with LM is sporadic, devoid of effective treatment and associated with a poor prognosis.
Consequently, it is vitally important to identify LM in order to achieve longer patient survival.
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Introduction

With an incident rate of 0.3-0.5%," neuro-
endocrine carcinoma of the breast (NECB) is
a rare and slowly developing tumour, com-
prising 2-5% of all breast cancers.” NECB
was first reported in 1977,% when its detailed
characters were described, namely small-cell
tumours growing as sharply circumscribed
nests and cords and bearing argyrophilic
neurosecretory-type cytoplasmic granules.
Despite NECB being the focus of much
research since then, there is a lack of studies
on advanced stage tumours. This current
case report describes a 50-year-old woman
with advanced NECB and leptomeninges
metastasis (LM). The case report also pro-
vides a literature review describing new
insights into the research into NECB.

Case report

On 1 August 2021, a 50-year-old female
patient with a history of injectable breast
augmentation surgery, presented to the
Department of Oncology, China-Japan
Friendship Hospital, Beijing, China and
was diagnosed with triple-negative breast
cancer with right cerebellar metastasis, fol-
lowed by LM. A palpable lump of approxi-
mately 4 x 3cm was found in her left breast
at the beginning of 2020 and she had a
biopsy of the left lump on 1 July 2020. The
pathology revealed an invasive carcinoma
and the immunohistochemical analysis was
negative for oestrogen receptor (ER), pro-
gesterone receptor (PR) and human epider-
mal growth factor receptor 2 (HER2); and
80% of the tumour cells were Ki-67 positive.
Subsequently, the patient underwent the
modified radical mastectomy of the left
breast and axillary lymphatic dissection.
The postoperative pathology presented a
high-grade  neuroendocrine  carcinoma
(7cm) with positive expression of CD56,
chromogranin A (CgA), synaptophysin
(Syn) and Ki-67 (80% of the tumour cells).

At the same time, ER, PR and HER2 were
all negative. Adjuvant chemotherapy con-
sisting of 100 mg doxorubicin hydrochloride
liposome on day 1 and 1000 mg cyclophos-
phamide on day 1 of a 21-day cycle, via
intravenous drip, was administered. Only
one cycle was completed and then suspended
because of severe side-effects. The patient
underwent left whole breast radiation thera-
py in 25 fractions and completed adjuvant
therapy by 11 February 2021.

A regular medical check-up was con-
ducted in May 2021 and a positron emis-
sion tomography-computed tomography
scan indicated a right cerebellar metastasis.
Whole-brain radiation therapy in the form
of 30.6 Gy in 18 fractions was conducted to
narrow the lesions, followed by 54 Gy in 18
fractions of the right cerebellum and first-
line salvage chemotherapy consisting of
80mg etoposide on days 1 and 2 and
25mg lobaplatin on day 1 (EP) of a 21-
day cycle, via intravenous drip. Only one
cycle of chemotherapy was accomplished.

Unfortunately, after the first cycle of sal-
vage chemotherapy, she experienced pain
throughout her body, numbness in the legs
and feet, urinary incontinence, and constipa-
tion. A brain magnetic resonance imaging
(MRI) revealed the right cerebellar mass
was smaller in size with less enhancement;
however, LM appeared. Thus, in August
2021, the patient was transferred to the
Department of Oncology, China-Japan
Friendship Hospital, Beijing, China for fur-
ther treatment. Physical examination
showed that her muscle strength of both
lower limbs was zero, dystonia and hypoes-
thesia presented in both legs, and abdominal
reflexes were weakened with numeric rating
scales scores of 7-9. Since she was admitted
in a state of paraplegia with severe cancer
pain, it was thought that she might have
bone metastasis. Nevertheless, a bone
single-photon emission computed tomogra-
phy scan showed no metastasis (Figure 1).
MRI scans of the brain and spine revealed
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Figure |. A bone single-photon emission computed tomography whole-body bone scan of a 50-year-old
female patient diagnosed with triple-negative breast cancer with right cerebellar metastasis and leptome-
ninges metastasis undertaken on 10 August 2021 showed no signs of bone metastasis. The tube on the right

is a catheter attached to the patient.

no metastasis in the brain parenchyma but
extensive metastases evident in the spinal
cord (Figure 2). Furthermore, an enhanced
MRI confirmed the existence of LM
(Figure 3). The patient underwent a second
cycle of EP along with supportive treatment
but died on 31 August 2021, 1 month after
the diagnosis of LM. A timeline of the
patient’s treatment is presented in Table 1.

The reporting of this case report con-
forms with the CARE guidelines.* The
patient and her family provided consent
for all treatments received. This study was
approved by the Joint Institutional Review
Board of China- Japan Friendship Hospital
(no. 2021-31-K15).

Discussion

A search of the literature published in
PubMed® from 1980 to 2021 using the

terms (“neuroendocrine cancer of breast”
or “small cell breast cancer” or “oat cell car-
cinoma of the breast”) and (“advanced” or
“metastatic”’) identified 12 case reports
related to metastatic NEBC.> !¢ The follow-
ing data were extracted from each article:
first author name, year of publication,
patient sex, age, tumour size, family history
of breast cancer, status of ER, PR and
HER2, Ki-67 index, metastatic sites,
disease-free survival, overall survival and
treatment options (Table 2). NECB is a
rare breast cancer and the median age of
onset is 63 years old.'”” Of the nine
articles retrieved that presented ER expres-
sion, 7071416 geven of them®”? '3 were
negative and one patient overexpressed
HER2.'"? In terms of metastatic sites, the
most common metastatic sites of NECB
were the liver (seven of 12 patients;
58.3%), bones (six of 12 patients; 50.0%),
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Figure 2. Magnetic resonance imaging (MRI) scans of a 50-year-old female patient diagnosed with triple-
negative breast cancer with right cerebellar metastasis and leptomeninges metastasis: (a & b) MRI scans of
the brain conducted in August 2021 showed no metastatic signs and possible mild cerebral oedema; (c, d &
e) MRI scans of the cervical vertebra, thoracic vertebra and lumbar vertebra demonstrated spinal cord,

cauda equine and dura thickening (red arrows). An enhanced MRI was needed to verify the leptomeningeal

metastasis.

lung, pancreas, soft tissues and brain (one
of 12 patients; 8.3%), but few LM were
reported.

It is widely acknowledged that LM refers
to invasion of the pia mater, subarachnoid
space, cerebrospinal fluid (CSF) and arach-
noid mater of the brain and/or spinal cord
by cancer cells.'® Symptoms of LM depend
on the location of involvement: (i) headache,
seizures, nausea and vomiting would occur
when the cerebrum is invaded; nuchal rigid-
ity, Kernig sign and Brudzinski sign would
appear when meningeal irritation occurs; (ii)
lower extremity weakness, paraesthesia,
back and neck pain, and bowel and bladder

dysfunction would appear if the spine is affect-
ed; (i) diplopia, visual acuity loss, hearing
loss and facial numbness are observed
when the cranial nerve is involved.'®"”

As reported, almost 60% of patients with
LM have associated parenchymal brain
involvement.?® Brain metastasis comprises
10-20% of advanced breast cancer and
accompanying motor symptoms, including
deficit and gait disturbance, seizures, head-
aches, cognitive dysfunction, nausea and
vomiting, cranial nerve dysfunction, cerebel-
lar symptoms and speech disturbances.’!
Consequently, the symptoms of brain
metastasis are similar to LM in some
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Figure 3. Enhanced magnetic resonance imaging scans of the spinal cord of a 50-year-old female patient
diagnosed with triple-negative breast cancer with right cerebellar metastasis and leptomeninges metastasis:
(A\) a sagittal post-gadolinium fat saturation T | -weighted image demonstrated the leptomeningeal metastasis
on the thoracic segment (red arrows); (B) an axial post-gadolinium fat saturation T |-weighted image of the
leptomeningeal metastasis on the 7th thoracic vertebra level (red arrow).

aspects, such as headaches, nausea and vom-
iting, while LM causes more severe pain
than parenchymal brain metastasis and a
greater probability of lower extremity weak-
ness. Bone metastasis comprises 65-75% of
breast cancer metastatic events with a
median survival of 24 months.?* The axial
skeleton is most frequently affected by
bone metastasis, along with gradual
neck and back pain with or without neuro-
logical complications secondary to epidural
extension in vertebral —metastasis.***?
Consequently, bone metastasis is the first
pathogenesis to be considered when a
breast cancer patient suffers a headache,
neck or back pain. As overall survival of
patients with LM is shorter than 6 months
after diagnosis,?** it is vitally important to
distinguish the metastasis of parenchymal
brain, bone and leptomeningeal for longer
patient survival. Identifying malignant cells
by CSF analysis is recognized as the diag-
nostic gold standard, but imaging has
become the initial and often sole diagnostic

tool with the development of visualization of
the subarachnoid space by MRI.?

There are two main opinions regarding
NECB pathogenesis. Some researchers
believe that NECB originates from the
divergent differentiation of a neoplastic
stem cell into epithelial and neuroendocrine
cells,”®?” while others think that NECB
stems from neural crest cells that migrate
to the mammary glands or it originates
from neuroendocrine cells present in the
breast tissue.”®

Neuroendocrine tumours are composed
of densely cellular, solid nests and trabecu-
lae of cells that differ from spindle to plas-
macytoid and large clear cells separated by
delicate fibrovascular stroma'® and all
undifferentiated NECB cells express neuro-
endocrine markers.”’ ' Neuron-specific
enolase is recognized as the most common
but not specific neuroendocrine indicator,
while CgA and Syn are reliable neuroendo-
crine markers.* In addition, compared
with general invasive breast cancer, ER
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Timeline of the 50-year-old patient’s treatment.

Table I.

May 2021 to June

2021

July 2020 to

August 2021

July 2021

February 2021

July 2020

Beginning of 2020

Diagnosis of leptome-

Patient gradually felt

Diagnosis of right

Adjuvant therapy.

Left-sided modified

Found a palpable lump

ninges metastases
on thoracic seg-

ment.
Etoposide and

pain around the

cerebellar

radical mastectomy
and axillary lym-
phatic dissection.

approximately

whole body, numb-

metastasis.
Rescue treatment

4 x 3cm in the left
breast and felt pain.

ness in the legs and
feet, urinary incon-

tinence, and

was undertaken.

Diagnosis neuroen-

cis-platinum chemot-
herapy for a second

cycle.
The patient died

docrine carcinoma
of breast (diameter
of tumour was

7 cm).

constipation.

31 August 2021.

and PR of NECB tend to be positive, and
HER2 is often lowly expressed, with an
older age of onset and less lymph node
metastasis and mitotic figures.'”>

In 2003, the World Health Organization
(WHO) formally classified NECB as an
independent breast disecase for the first
time; and in 2012, the WHO revised the
category and divided neuroendocrine
carcinomas into three subtypes: (i) well-
differentiated, neuroendocrine tumour; (ii)
poorly differentiated, neuroendocrine carci-
noma (small cell carcinoma); (iii) invasive
breast carcinoma with neuroendocrine dif-
ferentiation.>*** In 2018, the WHO defined
neuroendocrine tumours (NET) as an inva-
sive tumour characterized by low/intermedi-
ate grade, neuroendocrine morphology and
supported by the presence of neurosecretory
granules and diffuse, uniform immunoreac-
tivity for neuroendocrine markers.*
Tumour stage, histological grade and mitot-
ic counts were recognized as the main prog-
nostic factors of NET.? According to WHO
classifications, the current patient had a
poorly differentiated NECB as she pre-
sented a triple-negative subtype with Ki-67
positive in 80% of the tumour cells, as well
as CgA and Syn.

In terms of treatment, due to a lack of
clinical studies, almost no formalized treat-
ment is recommended for NECB. Like other
types of breast cancer, surgery is the optimal
treatment for NECB, usually followed by
radiotherapy or chemotherapy depending
on the size of the tumour and lymph node
status, and metastasis being excluded before
surgery.’®¥ For early-stage NECB, the
choice of adjuvant chemotherapy regimens
depends on the molecular subtype based
on immunohistochemistry;*® *° and the
National Comprehensive Cancer Network
guideline is available for reference.*' For
advanced NECB, platinum-based regimens
are the most common treatment choice, such
as etoposide combined with cisplatin or car-
boplatin (EP/EC).'"® In the literature
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reviewed, EP and EC were the most fre-
quently used formulas for first-line chemo-
therapy.'%-!1:14.16 Moreover, when
metastatic disease is diagnosed, the treat-
ment strategy should be individualized
depending on the general conditions and
comorbidities of the patient, the extent and
aggressiveness of the disease, and the biolog-
ical features of the tumour.’® The current
case was diagnosed with LM, which is a
type of aggressive and malignant metastasis
of NECB, with a reported overall survival of
46 weeks.*> Currently, the treatment
options for patients with LM include intra-
thecal treatment (IT), radiotherapy, system-
ic chemotherapy, supportive therapeutic
and surgery.®

Intrathecal treatment is a promising treat-
ment choice for patients with LM, which
administers treatment directly into the sub-
arachnoid space and avoids the blood-brain
barrier. A randomized open-label phase III
study of 72LM breast cancer patients dem-
onstrated that IT combining systemic treat-
ment improves LM-related progression-free
survival compared with systemic therapy
alone.** It has been recommended that
methotrexate, cytarabine, liposomal cytara-
bine and thiotepa are the most common
options for IT therapy.* 2

Radiotherapy is an alternative treatment
targeting bulky, symptomatic disease sites,
particularly in the spine, with more efficacy
and less toxicity than IT.>*>* Despite not
prolonging patient survival, radiotherapy
can help facilitate IT use by restoring CSF
flow and relieving hydrocephalus.>>->

In addition, systemic chemotherapy has
been demonstrated to improve patient sur-
vival.>*>"-*® Supportive therapy could alle-
viate LM-related symptoms and promote
the patient’s quality of life.>® In this current
case, systemic chemotherapy of EP was
used as the first-line salvage treatment to
delay tumour progression, with a remark-
able efficacy in the first cycle but failed in
the second cycle. Regarding the patient’s

wishes, IT chemotherapy and radiotherapy
were not administered.

This case report and the literature review
have highlighted that NECB is a malignant
tumour, so a comprehensive evaluation is
critical to patient prognosis and treatment.
Secondly, the clinical manifestations of LM
are insidious, with some signs of LM such
as back and neck ache, and lower extremity
weakness, being easily confused with bone
metastases; and other features like head-
ache, nausea and vomiting are often con-
fused with brain metastases. As the disease
progression is rapid, timely imaging exami-
nation and keen insight are warranted.
Thirdly, NECB patients with LM may not
respond well to the systemic treatment of
EP because different metastatic sites of
NEC tumours have different sensitivity to
platinum-based chemotherapy,®® so IT may
be a better treatment option.

In conclusion, primary NECB with LM is
sporadic, devoid of effective treatment and is
associated with a poor prognosis.
Consequently, it is vitally important to iden-
tify LM in order to achieve longer patient
survival. Moreover, more high-quality stud-
ies are required to explore an effective treat-
ment for patients with advanced NECB.
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