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Leptomeningeal metastasis of breast cancer during neo-adjuvant
chemotherapy in a 38-year-old woman: a case report
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Background: Breast cancer accounts for 5% of the population who develop central nervous system
metastasis, which is only second to the lung cancer. Breast cancer metastasis to the brain including
parenchymal brain metastasis (BM) and leptomeningeal metastasis (LM). Compared with BM, LM is a more
rare but aggressive metastatic diagnosis with poor outcome.

Case Description: We reported a 38-year-old woman presented to the neurology department due to
progressive headache for 1 month, accompanied with dizziness, nausea, vomiting and neck pain. During
hospitalization, she experienced paroxysmal loss of consciousness twice. Five months prior to this visit, her
first visit was diagnosed with breast cancer on the right side which was of triple-negative subtype and with
homolateral axillary lymph node involvement by biopsy. After the clinician assessment she had received
six cycles of TCb (docetaxel/carboplatin) neo-adjuvant chemotherapy. During the period of neo-adjuvant
chemotherapy, she did not report the presence of severe neurological symptoms. Twenty days ago, she
underwent right breast-conserving surgery and the postoperative evaluation was ypT1N3MO stage and
Miller-Payne grade 2. Head computed tomography (CT) scan and contrast-enhanced magnetic resonance
imaging (MRI) didn’t find typical brain imaging changes. No other signs of metastasis were seen in the CT
examinations of the patient’s chest and abdomen. Finally, lumbar puncture with cerebrospinal fluid (CSF)
analysis showed the presence of malignant cells. Given the patient’s clinical history and new neurologic
symptoms, the diagnosis was LM from breast cancer. Various treatment modalities including intrathecal
thiotepa, oral temozolomide (TMZ) and whole-brain radiation therapy (WBRT) had been used, but none of
them showed significant benefit for survival.

Conclusions: Breast cancer metastasis to the brain, especially LM, should be given sufficient vigilance
and attention at the beginning of the diagnosis and treatment, particularly in triple-negative breast cancer
patients who are at high risk. Symptoms of LM may be masked by the chemotherapy adverse effects. The
results of MRI and CT may show negative results, thus lumbar puncture with CSF should be done promptly

if LM is highly suspected in clinical practice. Early prevention, early detection and timely treatment are
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Introduction

Breast cancer accounts for 5% of the population (male
and female) who develop central nervous system (CNS)
metastasis, which is only second to the lung cancer (1). The
incidence of CNS metastasis differs by molecular subtype,
which is hormone receptor (HR)/human epidermal growth
factor receptor 2 (HER2)™ (45.3%), HR/HER2" (14.5%),
HR/HER2" (14.9%) and triple-negative (25.4%) (2).
Breast cancer metastasis to the brain including parenchymal
brain metastasis (BM) and leptomeningeal metastasis (LM),
while molecular and cellular mechanisms can’t explain
the difference currently. LM is a rare but very aggressive
metastatic diagnosis with poor outcome. A recent study
from India reported the median time to develop LM from
the time of diagnosis of breast cancer was 6 months and the
median overall survival (OS) was 3 months (3). This case
report reported a 38-year-old woman developed LM during
neo-adjuvant chemotherapy. Various treatment modalities
had been used in clinical practice, but none of them showed
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* Leptomeningeal metastasis (LM) from breast cancer should be
given sufficient vigilance and attention at the beginning of the
diagnosis and treatment, particularly in triple-negative breast
cancer patients who are at high risk.

What is known and what is new?

* LM s a rare but aggressive metastatic diagnosis with poor outcome.

e Symptoms of LM may be masked by the neo-chemotherapy
adverse effects, and the results of magnetic resonance imaging and
computed tomography may show negative results.

What is the implication, and what should change now?

¢ Lumbar puncture with cerebrospinal fluid should be done promptly
if LM is highly suspected in clinical practice. Various treatment
modalities including intrathecal thiotepa, oral temozolomide and
whole-brain radiation therapy didn’t show significant benefit for
survival. Early prevention, early detection and timely treatment are
crucial.
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significant benefit for survival. We present this article in
accordance with the CARE reporting checklist (available at
https://acr.amegroups.com/article/view/10.21037/acr-23-
116/rc).

Case presentation
Patient history and presentation

A 38-year-old Chinese female presented to the neurology
department due to progressive headache for 1 month,
accompanied with dizziness, nausea, vomiting and neck
pain. During hospitalization, she experienced paroxysmal
loss of consciousness twice, which were considered as
symptomatic epilepsy. Five months prior to this visit, her
first visit was diagnosed with breast cancer on the right side
which is of triple-negative subtype and with homolateral
axillary lymph node involvement by biopsy. She denied the
existence of a family history of cancer, including breast or
ovarian cancer, and there was no individual history of head
trauma or craniotomy. After the clinician assessment she
had received six cycles of T'Cb neo-adjuvant chemotherapy.
During the period of neo-adjuvant chemotherapy, she did
not report the presence of severe neurological symptoms.
Twenty days ago, she underwent right breast-conserving
surgery with homolateral axillary lymph node dissection
in the breast surgery department of our hospital. The
preoperative breast magnetic resonance imaging (MRI)
suggested significant mass reduction. The surgery went
well with complete removal of the mass (Figure 1A)
and negative margin status. Postoperative evaluation
of the patient’s breast cancer was ypT ;N;M, stage and
Miller-Payne grade 2. The postoperative pathological
results of all the 44 examined lymph nodes were positive
(Figure 1B), which predicted a poor outcome for the patient.
All procedures performed in this study were in accordance
with the ethical standards of the institutional and/or
national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Publication of this case
report and accompanying images was waived from patient
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Figure 1 Pathological images after the neo-adjuvant chemotherapy and breast-conserving surgery. (A) Primary invasive ductal carcinoma

(right breast lesion, breast-conserving surgery) (HE staining, 20x). (B) Axillary lymph nodes involvement was confirmed (HE staining, 20x).

HE, hematoxylin-eosin.

Figure 2 Breast MRI of the patient. The first breast MRI showed an avid soft tissue mass in the right breast. After neo-adjuvant

chemotherapy, the patient’s breast mass enhancement was significantly diminished (A), but there was no significant change in the axilla (B).

The four time points shown in the figure are before the start of neo-adjuvant chemotherapy, after received two, four and six cycles of TCb

neo-adjuvant chemotherapy. MRI, magnetic resonance imaging; TCb, docetaxel/carboplatin.

consent according to the ethics committee of the Second
Affiliated Hospital, Zhejiang University School of Medicine
(Approval No. 2023LSYD0864).

Diagnostic workup

Neo-adjuvant chemotherapy reduced the tumor size
(Figure 2) and enabled total tumor resection. Neurological
examination showed a normal mental state, bilateral
peripheral facial paralysis, left abducens nerve paralysis,
a leftward horizontal nystagmus, neck rigidity and slight
ataxia. Head computed tomography (CT) scans found no
significant brain imaging changes. Further, the patient

© AME Case Reports. All rights reserved.

underwent three contrast-enhanced MRI scans of the
head, but there was still no typical high signal intensity of
meninges or brain parenchyma. Finally, lumbar puncture
with cerebrospinal fluid (CSF) analysis showed the
presence of malignant cells (Figure 34). The expression of
programmed cell death 1 ligand 1 (PD-L1) in the tumor
sample was positive (Figure 3B). Given the patient’s clinical
history and new neurologic symptoms, the diagnosis was
LM from breast cancer.

Medical management and treatment

The patient was transferred to the radiotherapy department
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Figure 3 Ancillary pathologic diagnosis of leptomeningeal metastases. (A) Malignant cell was found in the cerebrospinal fluid (HE staining,

100x). (B) The expression of PD-L1 in the tumor sample was positive, combined positive score =3 (immunohistochemical staining, 20x).

PD-L1, programmed cell death 1 ligand 1.

for further treatment. As the symptomatic treatment,
mannitol, glycerol fructose and dexamethasone were used
to lower the intracranial pressure. Antineoplastic drug
therapy included intrathecal thiotepa 10 mg once for six
times and concomitant oral temozolomide (TMZ). Whole-
brain radiation therapy (WBRT) [6 MV X-ray, D95
planning target volume (PTV), 30 Gy/10 fractions] was
used to treat LM. She was given antiepileptic treatment
with levetiracetam and lacosamide. The patient had good
adherence and tolerability of the treatment. However, all
the treatment did not significantly release her neurological
symptoms or prolong the survival. Her symptoms worsened
rapidly after the diagnosis of LM, and the pain of head and
neck was never relieved. She could walk normally after
breast surgery at first, but after that she was confined to the
wheelchair in a few weeks. The patient survived for only

5 months after being diagnosed with LM.

Discussion

The patient in this case was a 38-year-old young woman
with aggressive triple-negative breast cancer (I'NBC) of
high risk. Although the patient had received neo-adjuvant
chemotherapy, the LM still occurred and progressed
rapidly. Doctors had tried the best to treat her, but the
limited therapeutic options available make the prognosis
abysmal. Her neurological symptoms ranged from brain
parenchyma involvement, meningeal irritation syndromes,
cranial nerve involvement, and progressive brain
dysfunction. The patient’s clinical presentation accord with
the diagnosis of LM. However, such a rapid progression
made us wonder if it was true that patients’ LM metastasis

© AME Case Reports. All rights reserved.

progressed so aggressive and fast. Another possibility
was that we had ignored some of the atypical symptoms
that patients exhibited in the early stages of the disease.
Actually, it was difficult to distinguish from the adverse
effects of chemotherapy including headache, dizziness,
nausea and vomiting, if patient not paying attention to these
symptoms in the early stages. The diagnosis of LM is most
commonly made by clinical evaluation, CSF cytology and
brain imaging (4). MRI is the imaging modality of choice
for BM and LM patients, because of its radiation-free,
high-resolution soft-tissue imaging and high sensitivity.
According to the current study, contrast-enhanced MRI
is the technique of choice to evaluate patients with
leptomeningeal diseases (5). Although CT has a significantly
lower sensitivity than MRI, it remains valuable for patients
who have contraindications to MRI. In cases where MRI is
consistently negative while the clinical symptoms are very
obvious, there are other auxiliary inspections besides CSF
that can be used, such as positron emission tomography
(PET)-CT and liquid biopsy. PET-CT allows the collection
of anatomical and metabolic information, which is valuable
in assessing systemic tumor load and can be used as a
complement to MRI. Liquid biopsy including circulating
tumor cells (CTCs) and cell-free DNA (cfDNA) has been
used as an auxiliary inspection method for the diagnosis of
breast cancer metastasis. However, its clinical application
for the diagnosis of LM, needs further validation (6).

We really concerned the case of this patients and went
through several multidisciplinary treatment (MDT)
discussion for this case. It was found that much attention
was paid on the patient’s MRI of the meninges and brain
parenchyma (Figure 4), which presented no obvious
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Figure 4 T2-flair, post-contrast brain MRI of the patient at the time when: (A) patient received first enhanced MRI on September 12, 2022

to explore the cause of headache. (B) Malignant cell was found in the cerebrospinal fluid on October 6, 2022. (C) Patient was treated with

whole-brain radiation therapy with 30 Gy over 10 fractions completed on October 26, 2022. The structures shown are the basal cistern

level, internal auditory canal, brainstem and trigeminal nerve in order from left to right. The patient’s second MRI image had artifacts. MRI,

magnetic resonance imaging.

imaging manifestation. With the help of the radiologist
who was expert in nervous system imaging, enhancement
was faintly visible in cerebellar sulcus, basal cistern level,
internal auditory canal, brainstem and trigeminal nerve, at
the time of third MRI on October 26 (Figure 4C). However,
this enhancement was usually non-specific which can be
observed not only in cancer but also in infectious diseases.
Therefore, when interpreting the results of MRI, clinicians

© AME Case Reports. All rights reserved.

need to closely combine the patient’s clinical features to
make the interpretation more consistent with the case.

For most patients, the goal of therapy of breast cancer
metastasis to the brain is to prevent or delay neurological
deterioration and to improve the quality of life. European
Association of Neuro-Oncology (EANO)-European Society
for Medical Oncology (ESMO) guidelines recommend local
(surgery and radiotherapy) and systemic treatment as the
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main treatment strategy, and the main contents include: (I)
WBRT and stereotactic radiotherapy (SRT) are the most
used radiotherapy methods. (II) WBRT is used in patients
with extensive linear lesions, and intrathecal injection
therapy is used in patients with pathological confirmed CSF
cancer cells. (IIT) Systemic medical treatment, including
capecitabine and TMZ, is also an optional treatment in
combination with radiotherapy. (IV) HER2" patients with
BM were particularly likely to benefit from HER? targeted
therapy (7). However, there is no standard treatment for LM
patients. The main challenge of brain disease therapy is the
blood-brain barrier, radiation therapy can disrupt the blood-
brain barrier to increase drug permeation into brain. It was
reported that OS of patients with LM could be improved
by concomitant systemic therapy (except TNBC) and the
use of intrathecal methotrexate (rather than cytarabine or
thiotepa) (8). In this case, the neuro symptoms were stable
for a month after radiotherapy and intrathecal injection
therapy, but soon deteriorated. Any subsequent treatment
with medication was ineffective. TMZ is first-line treatment
for recurrent BM. Melisko et 4/. found the combination of
irinotecan and TMZ had modest clinical activity and was
well tolerated in patients with breast cancer and progressing
CNS disease (9). TMZ in combination with T-DM1 shows
low-grade toxicity and potential activity in secondary
prevention of HER2" patients’” BM (10). TNBC lacks a
standardized treatment approach. As the current therapies
for TNBC lack the effectiveness to improve patients’
survival, it is crucial to develop novel treatments (11).
Personalized immunotherapy could also be considered for
the TNBC patients with LM, but the effectiveness needs to
be supported by more study in the future (12). Although the
patient’s expression of PD-L1 was positive, she didn’t receive
immunotherapy, probably due to financial consideration.

A meta-analysis showed that the incidence of metastasis
to the brain among patients with HER2" and triple-
negative disease was higher than HR/HER2" (13). It
was reported that OS was independently associated with
subtypes: median OS was 18.9 months for HR'/HER?2",
13.1 months for HR/HER?2", 7.1 months for HR/HER2"
and 4.4 months for triple-negative patients (2). In patients
with ER"/HER2™ advanced breast cancer, those in the LM
group were more likely to die from worsening CNS lesions
and had worse prognosis than BM (14). TNBC strongly
associated with poorer outcome (8), especially in patients
who developed LM. Breast cancer metastasis to the brain
in TNBC is extremely faster compared to other subtypes,
and clinicians should focus on the progression of symptoms.

© AME Case Reports. All rights reserved.
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As CT and MRI results are usually negative in the early
stage of LM, abnormal nervous system manifestations
are sometimes more suggestive than imaging findings.
Cranial nerve damage is a symptom highly suggestive of
meningeal carcinomatosis, which is unlikely to occur due
to intraparenchymal metastasis. The interactions between
metastatic cancer cells and their microenvironment activate
some signaling pathways such as PI3K-Akt, STAT3 and
HER2-HER3 (12). Genetic test of the patient showed that
the 7P53 gene had mutations, which lead to the inactivation
of tumor suppressor 7P53 gene. She also had mutations in
the 74K3 gene, which might contribute to the activation
of the JAK-STAT pathway. Although there is sl a lack of
a reliable prediction model that can accurately screen the
high-risk patients who may develop LM, prevention of LM
from the primary tumors is a trend in the future.

Conclusions

In brief, this case report shows that: (I) breast cancer
metastasis to the brain, especially LM, should be given
sufficient vigilance and attention at the beginning of the
diagnosis and treatment, particularly in TNBC patients
who are at high risk. (II) Symptoms of LM may be masked
by the chemotherapy adverse effects that include headache,
dizziness, nausea and vomiting. (III) The results of MRI and
CT may show negative results, and lumbar puncture with
CSF should be done promptly if LM is highly suspected
in clinical practice. (IV) The prognosis for TNBC patients
who develop LM is poor, so early prevention, early
detection and timely treatment are crucial.
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