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Introduction

Breast cancer is one of the most common cancer-causing
central nervous system (CNS) metastases. Eighty percent of

brain metastases are parenchymal brain metastases (BM).1

Leptomeningealmetastasis (LM) represents only 11 to 20% of
CNS metastasis.1 LM is also termed as neoplastic meningitis
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Abstract Background Neoplastic meningitis (NM) is considered as a terminal event with poor
prognosis. Its impact in clinical oncology is growing.
Objective To analyze the clinical outcome of patients with carcinoma breast diag-
nosed with NM.
Materials and Methods This study was an observational study in breast cancer
patients diagnosed with NM. Patients with typical clinical symptoms and signs with
either presence of cerebrospinal fluid (CSF) cytology positive for neoplastic cells or
typical radiological features of leptomeningeal involvement in the presence of
neurological symptoms or signs were taken as leptomeningeal metastasis (LM) or
NM. The estimation of survival was done by Kaplan–Meier method.
Results Out of 1,200 patients diagnosed with carcinoma breast during the study period,
15 developed NM. The median age of study population was 51 (range: 44–55) years. Most
common presentations were headache (47%), vomiting (47%), diplopia (20%), seizure
(20%), andcerebellar signs (7%). Seven (46%)patientswerehormone receptorpositive, four
(30%) were HER2 (Human epidermal growth factor receptor 2) positive and seven (46%)
were triple-negativebreast cancer.Median time todevelop LM from the timeofdiagnosis of
breast cancer was 6 (range: 3–8) months. Nine patients (90%) had features of NM in CSF
cytology. Thirteen patients received palliative whole brain radiotherapy (20 Gy in five
fractions). Nine out of 12 patients received single-agent Capecitabine as first-line chemo-
therapy after palliative radiation therapy (RT). Intrathecalmethotrexatewas given for seven
patients. The median overall survival was 3 (range: 0.5–4) months.
Conclusion LM is a very aggressive metastatic disease with poor outcome. There is an
unmet need for proper guidelines and an overwhelming necessity for a better focus on
research for new modalities of disease in this scenario.
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(NM). The detection rates of LM have improved with newer
therapeutic modalities, as well as with the advent of newer
imaging techniques.2 The most common primary tumor
metastasizing to the LM is thought to be breast cancer in
origin.3 Despite novel therapeutic agents, the prognosis of
patients remains extremely poor. Here, we describe clinical
outcome of patients with carcinoma breast diagnosed with
NM.

Materials and Methods

This was an observational study of breast cancer patients
diagnosed with NM, treated in Department of Medical
oncology at our Cancer Centre during the period Janu-
ary 2017 to April 2021. Patients received treatment as per
institutional guidelines. The baseline characteristics of the
patients, diagnostic evaluation, treatment received, out-
come, and follow-up details were also collected. Patients
with typical clinical symptoms and signs with either pres-
ence of CSF cytology positive for neoplastic cells or typical
radiological features of leptomeningeal involvement in the
presence of neurological symptoms or signs were taken as
LM or NM. Intrathecal methotrexate (IT MTX) was given
twice weekly for 2 to 4 weeks, followed by weekly once
schedule. The dose of IT MTX used was 15mg. CSF cytology
was repeated before initiation of each weekly IT schedules
and IT MTX continued till CSF becomes clear on two conse-
cutive samples.

Statistical Methods

Overall survival (OS) was taken time from the date of
diagnosis of LM to the date of death from any cause. Progres-
sion-free survival (PFS) was taken from time of initiation of
treatment to disease progression or death from any cause.
The survival was estimated using Kaplan–Meier method.

Results

Out of 1,200 patients diagnosed with carcinoma breast
during the study period, 15 developed NM. ►Table 1 shows
baseline patient characteristics of this study. ►Table 2

shows leptomeningeal variables of this study. All were
females. The median age of our study population was 51
(range: 44–55) years. Most common presentations were
headache (47%), vomiting (47%), diplopia (20%), seizure
(20%), and cerebellar signs (7%). The other presentations
included cranial nerve palsies, gait abnormalities, and
disorientation. The predominant histological subtype was
invasive ductal carcinoma of grade 2 or 3. The most com-
mon T-stage at presentation was T4, seen in seven (46%)
patients. All the patients had nodal metastasis. Eight
patients (57%) had distant metastasis at presentation,
with the most common site of metastasis being lungs
(29%). One patient had LM at presentation itself. Seven
(46%) patients were hormone receptor positive, four (30%)
were HER2 positive, and seven (46%) were triple-negative

Table 1 Baseline patient characteristics

Variables Number (%)

Median age (y) 51 (range: 44–55)

Duration of symptoms (mo)

< 1 2 (13)

1–6 7 (47)

�6 1 (7)

Stage at presentation

Early 1 (7)

Locally advanced 6 (40)

Metastatic 8 (53)

Initial sites of metastasis

Liver 3 (20)

Lung 4 (27)

Leptomeningeal 1 (7)

Bone 3 (20)

TNM stage

T status

T1 1 (7)

T2 2 (13)

T3 5 (33)

T4 7 (47)

N status

N0 0 (0)

N1 4 (27)

N2 6 (40)

N3 5 (33)

M status

M0 7 (47)

M1 8 (53)

IDC grade

II 6 (40)

III 9 (60)

ER/PR

Positive 6 (40)

Negative 4 (27)

HER2/neu

Positive 3 (20)

Negative 7 (47)

Triple negative BC 4 (27)

Treatment

Palliative chemo 7 (47)

Docetaxel 3 (20)

Docetaxel with trastuzumab 2 (13)

Hormones alone 2 (13)

(Continued)
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breast cancer. Patients were evaluated with CSF study and
magnetic resonance imaging (MRI). All the patients under-
went MRI, among which 11 patients showed leptomenin-
geal enhancement suggestive of carcinomatous meningitis.
A few representative images of LM associated with breast
cancer have been depicted in ►Fig. 1. CSF study was done in
10 patients and could not be done in the remaining due to
threat of ongoing seizure and raised intra cranial pressure.
Nine patients (90%) had features of carcinomatous menin-
gitis in CSF cytology. ►Fig. 2 shows patient’s CSF cytology
with clusters of large carcinomatous cells in patients with
breast cancer associated NM. One patient had occasional
atypical cells only in cytology but had definite MRI evidence
of LM. Thirteen patients received palliative whole brain
radiotherapy (20 Gy in five fractions). Two patients had
very poor general condition and hence radiation was de-
ferred. This was followed by systemic treatment in 12
patients. Systemic therapy and whole brain radiation therapy
(WBRT) could not be given in two patients who expired soon
after the diagnosis. One patient received only RT and no
systemic treatment was given due to the poor general condi-
tion. Nine out of 12 patients received single-agent capecita-
bine. Three patients with HER2-positive metastatic breast
cancers received lapatinib plus capecitabine combination. IT
MTX was given for seven patients. Two patients are alive now
and are continuing on systemic treatment. ►Fig. 3 shows
Kaplan–Meier curve for PFS. ►Fig. 4 shows Kaplan–Meier
curve for OS. The median OS was 3 (range: 0.5–4) months.
The median follow-up period was 8 (range: 6–14) months.
Median timetodevelopLM fromthedate ofdiagnosis of breast
cancer was 6 (range: 3–8) months.

Discussion

LM is often a late finding in cancer. It develops through
different ways. The most common ways are hematogenous

spread of tumor, direct extension from bone and brain
lesions, or by local spread through the dura. The detection
rates of LM are on the rise due to advanced therapeutic
strategies leading to improved survival, giving the neoplastic
cells the time to reach the sanctuary sites, as most of the
drugs used in cancer treatment cannot cross the blood–brain
barrier. The use of advanced imaging has also improved the
detection rates.

Breast cancer followed by lung cancer and malignant
melanoma forms the most common etiology for LM.3 How-
ever, only 5% of breast cancer patients develop LM.4 Among
the various histology, adenocarcinoma has the maximum

Table 1 (Continued)

Variables Number (%)

Adjuvant chemo

Dose dense AC-P 2 (13)

Neoadjuvant

Dose dense 4 (27)

AC X4-DOCEX4þ 1year TZ 1 (7)

Finher 1 (7)

Surgery

After NACT 6 (40)

Upfront surgery 2 (13)

Palliation 1 (7)

Abbreviations: ACX4-DOCEX4, adriamycin, cyclophosphamide X 4
cycles-Docetaxel X 4 cycles; BC, breast cancer; ER, estrogen receptor;
HER 2, human epidermal growth factor receptor 2; IDC, invasive ductal
carcinoma; NACT, neoadjuvant chemotherapy; P, Paclitaxel; PR,
progesterone receptor; TNM, tumor (T), nodes (N), and metastases (M);
TZ, Trastuzumab.

Table 2 Leptomeningeal variables

Presentation Number (%)

Denovo 1 (7)

During palliative chemotherapy 4 (27)

S/p NACT/NACT and surgery 3 (20)

While on adjuvant 2 (13)

After completing treatment 5 (33)

Symptoms

Headache 7 (47)

Vomiting 7 (47)

Diplopia 3 (20)

Cerebellar signs 1 (7)

Seizure 3 (20)

Altered behavior 3 (20)

CSF

Done 10 (67)

Not done 5 (33)

Positive 9 (60)

Equivocal 1 (7)

CT/MRI

Positive 11 (73)

Normal 4 (27)

Treatment

WBRT 20 Gy/5 fractions 13 (87)

SA capecitabine 9 (60)

Combination of lapatinibþ capecitabine 3 (20)

No systemic treatment 3 (20)

Intrathecal methotrexate 7 (47)

Response

Alive NED 2 (13)

Expired 13 (87)

Median PFS 6 months

Median overall survival 3 months

Abbreviations: CSF, cerebrospinal fluid; CT, computed tomography;
MRI, magnetic resonance imaging; NACT, neoadjuvant chemotherapy;
NED, No evidence of disease; PFS, progression-free survival; SA, single
agent; WBRT, whole brain radiation therapy.
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propensity.3 Infiltrating lobular histology and triple-nega-
tive breast cancer are considered high-risk factors for devel-
oping LM.5

Signs and symptoms may initially be nonspecific. The
usual symptoms are headache, confusion, cognitive im-
pairment, behavioral abnormalities, seizures, cranial nerve
deficits, gait abnormalities, radiculopathy, and dysfunction
of bowel and bladder. Clinical suspicion of LM should arise in
metastatic cancer and can develop typical neurological
symptoms.6

The imaging modality choice is T1-weighted MRI with
gadolinium contrast.7 Enhancement and nodularity of the
pia, cerebral convexities, basal cisterns, tentorium, or in the

ventricular ependymal surfaces are diagnostic of LM. Patchy
involvement of nerve roots with occasional matting and
intradural extramedullary nodules are seen in spinal imag-
ing.7 CSF flow studies using Indium-111 DTPA or Techne-
tium-99m labeled albumin can detect the location of any
obstruction in CSF flow as around 50% of patients can have
obstructivehydrocephalus.8 The gold standard ofdiagnosis is
CSF cytology which can show neoplastic infiltration in the
CSF.9 Repeat collection of CSF increases sensitivity detection
to 80%. Other findings in CSF favoring LM include a high CSF
pressure, elevated protein, low glucose, and pleocytosis.10

Fig. 1 Images of leptomeningeal metastasis associated with breast
cancer. (A) Sulcal T2 FLAIR hyperintensities with leptomeningeal enhance-
ment noted in the right Sylvian fissure and sulcal spaces in the right
temporal lobe, extending partly to the parietal lobe. (B) Leptomeningeal
enhancement noted in bilateral parietal-temporal regions, more on the left
side. FLAIR, fluid-attenuated inversion recovery.

Fig. 2 Patient’s CSF cytology with clusters of large carcinomatous
cells in patients with breast cancer associated neoplastic meningitis.
CSF, cerebrospinal fluid.

Fig. 3 Kaplan–Meier curve for progression-free survival (PFS).
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Fig. 4 Kaplan–Meier curve for overall survival (OS).

Table 3 Summary of previous published literature on neoplastic meningitis

Study (year) No of
patients

Median
age (y)

Symptoms (%) CSF
positivity
(%)

MRI
positivity
(%)

Risk factors
for LM

Median
OS (mo)

Gauthier
et al (2010)12

91 53 Headache (37)
Cranial nerve
symptoms (27)
Cerebellar signs (26)
Nausea/vomiting (25)
Visual disturbance (24)
Radicular pain (23)

87 80 Performance status >2
�3 chemotherapy reg-
imens
before LM diagnosis
Hormone receptor
negativity

4.5

Niwińska
et al 201313

118 49 Headache (54)
Cranial nerves
symptoms (42)
Cerebellar signs (35)
Nausea/vomiting (30)
Mental changes (19)
Meningism (11)

76 97 Performance status,
TNBC
Lobular histology
Treatment for LM

4.2

Yust-Katz
et al (2013)14

103 49.2 NA 90.1 86.7 Performance status >2
Negative hormone re-
ceptor status
TNBC
Treatment received for
LM

4.2

Griguolo
et al (2018)15

153 58 NA 60.5 86.6 Performance status >2
Negative hormone
receptor status
Grade 3
Positive HER2
Presence of parenchy-
mal brain metastases
CSF abnormalities

3.9

Abbreviations: CSF, cerebrospinal fluid; LM, leptomeningeal metastasis; HER 2, human epidermal growth factor receptor 2; MRI, magnetic resonance
imaging; NA, not available; OS, overall survival; TNBC, triple negative breast cancer.
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Treatment of LM is challenging as there are no definite
guidelines to direct therapy. The options depend on the
performance status, comorbidities, previous treatment,
and sites of metastases. The usual method is to combine
systemic treatment with IT MTX with or without the
Ommaya reservoir and whole brain radiation. No difference
in survival outcomes was seen with one modality over
another. Radiation alone has not shown any advantage
over basic supportive care. Despite this multimodality treat-
ment, survival is of short duration.11

Most of the case series of LM are retrospective in na-
ture.12–15 ►Table 3 shows summary of previous published
literature on NM. The most common biology of breast tumor
seen in our study was hormone receptor-positive breast
cancer (46%) which was similar to the data published by
Griguolo et al.15 Another study by Niwińska et al reported
40.5% of patients with triple-negative subtype, 37.5% with
luminal-A subtype, and 22% with HER2-positive subtypes.13

The median OS also ranges from3.9 to 4.5 months as in our
case. There are few studies that analyzed the outcomes of LM
following administration of systemic chemotherapy.16 In our
study, 12 patients received systemic treatment in the form of
palliative chemotherapy. Nine out of 12 patients received
single-agent capecitabine and 3 patients received combina-
tion of lapatinib plus capecitabine in metastatic HER2-posi-
tive breast cancer. Similarly, administration of systemic
chemotherapy after LM diagnosis were associated with
prolonged survival.17

In a retrospective study, Hyun et al reported that patients
with a high Karnofsky’s performance status (KPS) or normal
CSF protein levels had good prognoses on active treatment.
In NM, WBRT may help to restore CSF flow and reduce
clinical symptoms. Therefore, it remains a crucial treatment
option in the absence of other convincing therapeutic
strategies.18,19

The ideal duration of intrathecal therapy is still contro-
versial. The drugs commonly used are MTX, liposomal cytar-
abine (Ara-C), and thioTEPA. Intrathecal trastuzumab in
patients with HER2-positive breast cancer LM might be a
safe and effective treatment.20

Conclusion

LM is a very aggressive metastatic disease with poor out-
come. There is an unmet need for proper guidelines and an
overwhelming necessity for a better focus on research for the
disease.
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