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Abstract Leptomeningeal metastasis (LM) usually

occurs late during the course of breast cancer. The aim of

this study was to characterize the clinical features and

outcomes of LM based on breast cancer subtypes in con-

junction with brain parenchymal metastases. A retrospec-

tive study was performed of breast cancer patients with

LM, who received palliative management at Samsung

Medical Center between 1995 and 2008. Among the 272

metastatic breast cancer patients with central nervous sys-

tem (CNS) involvement, 68 patients with LM were iden-

tified. The median age was 46 years (range, 24–72 years).

The median survival duration from LM to death (LM-OS)

was 4.5 months (range, 0.2–26.4 months). Patients sur-

viving for 12 or more months were rarer among triple

negative (TN) patients compared to other subtypes (21.7%

for HR ? ve vs. 27.8% for HER2 ? ve vs. 72.7% for TN,

P = 0.217). Death caused by CNS involvement appeared

to be much more common in TN than in other subtypes

(0% for HR ? ve vs. 36% for HER2 ? ve vs. 64% for TN,

P = 0.060). Median survival time from distant metastasis

was significantly different among the three groups (28.3 vs.

29.1 vs. 11.8 months, P \ 0.0001). However, median

survival time from LM did not differ (4.1 vs. 5.9 vs.

3.8 months, P = 0.226). Characteristic manifestations and

treatment outcomes of LM may be affected by the unique

biology of breast cancer intrinsic subtypes. The different

roles of active combined treatment modalities including

both systemic chemotherapy and local treatment modalities

should be considered to improve outcomes.
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Introduction

With improvements in the systemic treatment of cancer and

in survival, the control of central nervous system (CNS)

involvement from various cancers has become increasingly

important for overall disease control [1, 2]. Leptomenin-

geal metastasis (LM) occurs in 4–15% of all the patients

with solid tumors, whereas almost 20% of the patients with

neurological symptoms and signs are found to have LM

during autopsy [3, 4]. CNS metastases occur in 10–16% of

the stage IV breast cancer patients, and LM is usually a late

event during the course of the disease [5]. Improved neuro-

imaging, increasing numbers of breast cancer patients, and

prolonged survival attributable to improved systemic

treatment have significantly increased the frequency of LM

[3, 6–8]. Better systemic control of cancer may delay the

appearance of LM; however, once LM is established, the

prognosis is poor, and intensive treatment is questionable

[9, 10].

Soohyeon Lee and Hee Kyung Ahn contributed equally to this study.

S. Lee � H. K. Ahn � Y. H. Park � J. S. Ahn � Y.-H. Im (&)

Division of Hematology–Oncology, Department of Medicine,

Samsung Medical Center, Sungkyunkwan University School

of Medicine, 50 Irwon-dong Gangnam-gu, 135-710 Seoul, Korea

e-mail: imyh00@skku.edu

D. H. Nam � J. I. Lee

Department of Neurosurgery, Samsung Medical Center,

Seoul, Korea

W. Park � D. H. Choi � S. J. Huh

Department of Radiation Oncology, Samsung Medical Center,

Seoul, Korea

K. T. Park

Department of Medical Oncology, Samsung Changwon

Hospital, Changwon, Korea

123

Breast Cancer Res Treat (2011) 129:809–817

DOI 10.1007/s10549-011-1682-0



The aims of treatment of LM are improvement or sta-

bilization of neurologic status and symptoms, maintenance

of neurologic quality of life, and prolongation of life in

some cases. Therapeutic modalities for LM include the

combination of surgery, radiation, and local and/or sys-

temic chemotherapy in most cases [5, 6, 10–16]. However,

development of a standard therapeutic approach to LM is

complicated because of the rare occurrence of the disease,

the lack of prospective, randomized studies, and the diffi-

culty of determining response to treatment. Moreover, LM

has been reported to occur late in the course of illness and

rarely occurs in isolation, but is frequently associated with

extracranial systemic and brain parenchymal metastases [3,

10, 17–19]. Even after successful treatment of LM, pro-

gression of extracranial systemic and brain parenchymal

metastases may lead to clinical deterioration and death.

Because of the rarity of the circumstances and lack of

understanding of the biological background, the value of

each treatment option has to be evaluated in the context of

the entire disease and the whole therapeutic concept.

It has become clear that breast cancer is not a single

disease, but a heterogeneous group of diseases. Gene

expression-profiling studies classify breast tumors into at

least 4–5 distinct subtypes; luminal A, luminal B, human

epidermal growth factor receptor-2 (HER2) positive, and

basal-like subtype, each with a distinct natural history and

response to treatment. Several reports have suggested a

higher risk for brain metastasis in HER-2 positive and

triple negative (TN) breast subtypes than in hormone

receptor (HR) positive subtypes [20, 21]. However, factors

associated with high risk of developing LM, especially in

terms of breast cancer subtypes, have not been reported.

The aim of this study was to investigate how breast

cancer heterogeneity based on subtype affects clinical

presentations and courses of LM.

Materials and methods

Patients and methods

We retrospectively analyzed the medical records of the

patients who were diagnosed with CNS metastasis of breast

cancer from 1995 to 2008 at Samsung Medical Center

(SMC). All the patients presented histologically confirmed

adenocarcinoma of the breast. All the pathologic specimens

were reviewed by two experienced pathologists who

determined the primary tumor characteristics based on

histologic and nuclear grades, tumor size, the presence of

lymphovascular invasion (LVI), multiplicity (multifocal/

multicentric disease), axillary nodal status, and the status of

receptors by immunohistochemical staining (IHC) (estro-

gen receptor [ER], progesterone receptor [PgR], and

HER2). ER and PgR positivity was defined as an Allred

score of 3–8 by IHC using antibodies to ER (Immunotech,

France) and PgR (Novocastra, UK). HER2 status was

evaluated using antibody analysis (DAKO, CA, USA) and/

or fluorescence in situ hybridization (FISH). Grades 0 and

1 for HER2 by IHC were defined as a negative result, and

grade 3 as a positive result. Amplification of HER2 was

confirmed by FISH if HER2 was rated 2 ? by IHC. Triple

negativity was defined as lack of ER, PgR, and HER2

expressions which was confirmed by FISH if HER2 was

rated 2 ? by IHC.

We diagnosed LM from breast cancer based on signs

and symptoms, and the findings on cerebrospinal fluid

(CSF) examination including cytology and/or imaging

studies of the brain and/or spine. We suspected LM in cases

based on clinical findings, and LM was confirmed by CSF

cytology showing neoplastic cells. We repeated lumbar

punctures up to 2–3 times if the cytological examination

was negative upon initial examination in the case of clin-

ical and/or radiological suspicion. All the patients under-

went brain MRI with gadolinium enhancement and/or

whole spine MRI if indicated for detection of LM. Our

study protocol was approved by the Institutional Review

Board of Samsung Medical Center.

Survival analysis

The time-to-LM (TTLM) was defined from the date of

distant metastasis to the date of LM. The overall survival

(LM-OS) was measured from the date of diagnosis of LM

to death or to the final follow-up date. The date of diag-

nosis of LM was defined as the day on which LM was

confirmed via imaging or cytological examination.

Comparisons of categorical variables among groups

were conducted using chi-square and Fisher’s exact tests.

The LM-OS was calculated from diagnosis of LM and

plotted using the Kaplan–Meier method. A comparison of

survival according to prognostic factors was evaluated via

log-lank test, and forward stepwise Cox proportional haz-

ard models were employed to evaluate the joint effects of

predictive variables. P values \0.05 were considered sta-

tistically significant. Data were analyzed using PASW

version 18.0 statistical software.

Results

Patients

We searched our electronic database at the Department of

Medicine, SMC, and retrospectively reviewed the records

of 1,027 patients who received palliative treatment for

metastatic breast cancer (MBC). Between January 1995
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and June 2008, 285 of these patients were diagnosed with

CNS metastasis from breast cancer. Thirteen patients

without available clinical data were excluded from this

study, and the remaining 272 patients were included.

Among these 272 patients, 68 showed LM, representing

our final cohort. Forty-seven patients (69.1%) had positive

CSF cytology from lumbar puncture(s), and 21 patients

(30.9%) had no demonstration of malignant cells in CSF,

but clinical features, such as single or multiple neurologic

deficits of cranial nerves and typical MRI findings strongly

indicated LM, which include hydrocephalus without an

identifiable mass lesion as well as leptomeningeal contrast

enhancement [22]. CSF findings that were compatible with

neoplastic meningitis consisting of lymphocytic pleocyto-

sis, elevated protein, and normal or low CSF glucose, were

also considered as meningeal carciomatosis in patients with

MBC, because LM could not be ruled out by negative CSF

cytology when typical clinical features and MRI findings

were present.

IHC could be carried out for 65 of the 68 patients.

Among them, 23 patients were HR? (ER? and/or PgR?

and HER2-), 18 were HER2? (HER2? regardless of ER

and/or PgR), and 24 were TNBC (ER-, PgR-, and

HER2-) (Table 1).

Patient characteristics

Comparison of clinical characteristics of patients

with brain parenchymal metastases with or without

LM LM (BM ? LM vs. BM-LM)

Sixty-eight patients (25%) were identified as having LM.

Among these, 65 patients were available IHC for subtype.

We analyzed the patient and tumor characteristics of

patients with BM ? LM and BM-LM (Table 1). The

median age of patients with BM - LM was greater than

those with BM ? LM (49 vs. 46 years, P = 0.019). Per-

formance status (PS) appeared to be better in patients with

BM - LM than in those with BM ? LM. HER2? patients

were more commonly identified than other subtypes in

patients with BM-LM (23.0% for HR? vs. 47.1% for

HER2? vs. 29.9% for TN, P = 0.049). The rate of LM

was lower in the HER2? subtype compared to other sub-

types among all the 272 patients with CNS metastases

(46.3% for HR? vs. 28.5% for HER2? vs. 40.6% for TN,

P = 0.049). Distribution of initial TNM staging, the status

of systemic disease control, and metastatic sites other than

CNS except bone were similar between BM patients,

regardless of LM status. Bone metastasis was associated

with BM ? LM more often than with BM - LM (60.3%

vs. 39.7%, P = 0.001). Time-to-CNS metastases and sur-

vival time from distant metastasis did not differ between

the two groups. However, time to death from CNS

metastasis (CNS-OS) was longer in patients with BM -

LM than in those with BM ? LM (8.7 vs. 5.8 months,

P = 0.025 by log-rank test) (Table 1).

Patient and tumor characteristics at the time of LM

according to breast cancer subtypes The median age of

the 68 patients with LM was 46.3 years (range,

24–72 years). At the time of diagnosis of LM, parenchymal

brain metastases were detected in 37 of the 68 patients

(54.4%), and 53 of the 68 patients (79.1%) had metastatic

disease at the sites other than LM, including the brain,

lung, liver, skin, bones, lymph nodes, and the other sites.

Sixteen patients (23.5%) presented with isolated CNS

metastases (BM ? LM and BM - LM without other sys-

temic metastasis), and six patients (8.8%) developed iso-

lated LM without evidence of metastatic disease in brain

parenchyma and other systemic sites. Of these six patients,

one patient was HR?, two patients were HER2?, and the

remaining three patients were TN subtype. Twenty-six

patients (38.2%) received greater than third-line chemo-

therapy before LM.

The characteristics of the 65 patients at the time of LM

are shown according to subtype in Table 2. The percentage

of patients with HR?, HER2?, and TN breast cancers in

LM were 35.4, 27.7, and 36.9%, respectively. The median

age was lower for patients in the TN subtype compared to

the other subtypes (P = 0.030). Distributions of meno-

pausal status, histology, and TNM staging were not sig-

nificantly different among the three groups. Although bone

metastasis was more commonly associated with the HR?

group, this difference was not statistically significant.

However, the prevalence of spinal metastases was statis-

tically significant in HR? compared to other subtypes

(56.5% for HR? vs. 22.2% for HER2? vs. 20.8% for TN,

P = 0.018). Isolated CNS metastases were much more

commonly found in TN than in other subtypes (4.3% vs.

33.3% vs. 41.7%, P = 0.004). TTLM from distant metas-

tasis was much longer in HR? than in other subtypes (20.4

vs. 12.2 vs. 7.0 months, P = 0.001, Fig. 1a). For 18

HER2? patients, the TTLM in trastzumab-treated patients

was much longer than in trastuzumab-naı̈ve patients (9.9

vs. 15.2 months, P = 0.008).

Treatment of LM and outcomes according to breast cancer

subtypes Most LM patients were treated with combina-

tions of surgery, whole brain radiation therapy (WBRT),

and local and/or systemic chemotherapy. An Ommaya

reservoir was inserted in 52 patients (76.5%) as a port for

intrathecal (IT) chemotherapy. Patients received single

modality and/or combination of modalities for the treat-

ment of LM (Table 3). Forty-seven patients (72.3%)

received IT chemotherapy, among whom 10 patients

received IT therapy only, principally with methotrexate
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alone (44 of 47 patients, 93.6%) or in combination with

hydrocortisone plus cytosine arabinoside (three of 47

patients, 6.4%). Thirty-two of the 47 patients (68.1%)

treated with IT chemotherapy responded to treatment, and

presented without any microscopically detectable malig-

nant cells in CSF at two consecutive follow-up times.

The median time to cytological negative conversion was

2.9 weeks (range, 0.0–17.3), and the mean duration time of

IT treatment was 13 weeks. HR? patients had a relatively

lower rate of cytological negative conversion (Table 3).

Twenty-two (33.8%) patients received systemic chemo-

therapy. Early death within 1 month occurred mainly in

Table 1 Comparison of clinical characteristics of the patients with brain parenchymal metastasis with leptomeningeal metastases (LM) to the

patients with brain parenchymal metastasis without LM (n = 272)

Brain parenchymal

metastases with

LM (n = 68)

Brain parenchymal

metastases without

LM (n = 204)

P value

No. of the patients 68 (25.0%) 204 (75.0%)

Median age (range) 46 (24–72) 49 (24–87) 0.019

(T test)

ECOG PSa 0.041

0–1 41 (60.3%) 148 (72.5%)

2B 27 (39.7%) 56 (27.5%)

Menopausal status 0.053

Premenopause 43 (63.2%) 102 (50.0%)

Postmenopause 13 (19.1%) 45 (22.1%)

Unknown 12 (17.7%) 57 (27.9%)

Subtype 0.049

HR ? ve (ER ? and/or PR ? ,and HER2-) 24 (35.3%) 47 (23.0%)

HER2 ? ve (HER2 ? regardless of ER and/or PgR) 19 (27.9%) 96 (47.1%)

TN (ER-/PR-/HER2-) 25 (36.8%) 61 (29.9%)

Histology 0.269

IDC 47 (69.1%) 153 (75.0%)

ILC 3 (4.4%) 2 (1.0%)

Others 5 (7.4%) 8 (3.9%)

Unknown 13 (19.1%) 41 (20.1%)

Initial TNM stage 0.080

1 7 (10.3%) 27 (13.2%)

2 30 (44.1%) 64 (31.4%)

3 21 (30.9%) 93 (45.6%)

4 10 (14.7%) 20 (9.8%)

Isolated CNS metastasis at diagnosis 57 (83.8%) 178 (87.3%) 0.444

Progression of extracranial Ds. at CNS 47 (69.1%) 162 (79.4% 0.087

Metastatic sites 0.001

Bone 41 (60.3%) 81 (39.7%)

Lung 22 (32.4%) 92 (45.1%) 0.060

Liver 12 (17.6%) 40 (19.6%) 0.686

Distant lymph nodes 21 (30.9%) 43 (21.1%) 0.091

Pleura 9 (13.2%) 26 (12.7%) 0.967

Median number of chemotherapy regimens

before diagnosis of CNS involvement

3 2 0.066 (T-test)

Trastuzumab for metastatic disease 3 (15.8%) 19 (19.8%) 0.323

Time to CNS from distant metastasis 12.1 months 11.6 months 0.386 (log-rank test)

Time to death from distant metastasis (Metastatic OS) (median) 20.5 months 24.0 months 0.669 (log-rank test)

Time to death from CNS metastases (CNS-OS) (median) 5.8 months 8.7 months 0.025 (log-rank test)

a PS performance status, CNS-OS from time of CNS metastasis to death
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HR? patients (17.4% vs. 0% vs. 8.3%, P = 0.082). Long-

term survivors of 12 months or more were found less fre-

quently in the TN subtype compared to other subtypes

(8.3% for TN vs. 22% for others P = 0.045). Death caused

by CNS progression was also much more common in the

TN subtype (64% for TN vs. 18%, P = 0.046). Median

survival time from distant metastasis was significantly

different among the three groups (28.3 vs 29.1 vs.

11.8 months, P \ 0.0001, Fig. 1b). However, LM - OS

did not differ among the subtypes (4.1 vs. 5.9 vs.

3.8 month, P = 0.226).

Prognostic factors analysis

The median LM - OS of the 68 patients was 4.1 months

(range, 2.2–5.8), and the one-year survival rate was 13.2%

(9 of 68 patients). Univariate analysis was performed on

LM - OS by log-rank test (Table 4). Systemic disease

control at LM (P = 0.035), isolated CNS metastasis (P =

0.035), cytological negative conversion to IT chemother-

apy (P = 0.001), systemic chemotherapy after LM (P =

0.002), and combined treatment modality (P = 0.008)

were identified as favorable risk factors for LM - OS.

Table 2 Characteristics of patients according to breast cancer subtypes at the time of LM (N = 65)

HR positive

(ER? and/or PR?

and HER2-)

HER2 positive

(HER2? regardless

of ER and/or PgR)

Triple negative

(ER-/PR-/HER2-)

P value

No. of patients, n (%) 23 (35.4%) 18 (27.7) 24 (36.9)

Median age at LM, years 52 (46–58) 47 (44–50) 43 (39–48) 0.030

ECOG PSa at LM 0.633

0–1 5 (21.7%) 6 (33.3%) 7 (29.2%)

2B 18 (78.3%) 12 (66.7%) 17 (70.8%)

Menopausal status 0.801

Premenopause 13 (56.5%) 12 (66.7%) 16 (66.6%)

Postmenopause 6 (26.1%) 2 (11.1%) 4 (16.7%)

Unknown 4 (17.4%) 4 (22.2%) 4 (16.7%)

Histology 0.445

IDC 17 (73.9%) 13 (72.2%) 17 (70.8%)

ILC 0 (0%) 1 (5.6%) 1 (4.2%)

Others 2 (8.7%) 0 (0%) 3 (12.5%)

Unknown 4 (17.4%) 4 (22.2%) 3 (12.5%)

Initial TNM stage 0.691

1 1 (4.4%) 3 (16.7%) 2 (8.3%)

2 10 (43.5%) 9 (50.0%) 10 (41.7%)

3 9 (39.1%) 5 (27.8%) 7 (29.2%)

4 3 (13.0%) 1 (5.5%) 5 (20.8%)

Metastatic sites at the LM

Bone 16 (69.6%) 9 (50.0%) 11 (45.8%) 0.242

Spine 13 (56.5%) 4 (22.2%) 5 (20.8%) 0.018

Liver 3 (13.0%) 5 (27.8%) 3 (12.5%) 0.327

Lung 8 (34.8%) 6 (33.3%) 9 (37.5%) 0.979

Distant LNs 7 (30.4%) 7 (38.9%) 10 (41.7%) 0.678

Isolated CNS metastasis 1 (4.3%) 6 (33.3%) 10 (41.7%) 0.004

Isolated LM 1 (4.3%) 2 (11.1%) 3 (12.5%) 0.563

Median number of chemotherapy line at LM 4 3 2 0.094

Progression of systemic disease at LM 60.9% 41.2% 41.7% 0.285

Median time to LM from primary cancer 64.6 40.9 21.8 0.002

Diagnosis (range) (1.2–168.6) (21.4–139.5) (3.1–145.2)

Median time to LM from distant metastasis 20.4 12.2 7.0 0.001

(TTLM) (range) (0.0–102.2) (0.0–69.2) (0.0–35.2)

a PS performance status
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Fig. 1 Kaplan–Meier survival curves (a); Time to LM (TTLM) from distant metastasis according to subtypes (b); Time to death from distant

metastasis (metastatic OS) according to subtypes

Table 3 Treatment modalities and outcomes for LM according to breast cancer subtypes (n = 65)

Treatment modalities HR positive

(n = 23)

HER2 positive

(n = 18)

Triple negative

(n = 24)

P value

0.204

Single modality

Intrathecal chemotherapy (IT) 4 (17.4%) 2 (11.1%) 4 (16.7%)

Whole brain radiotherapy (WBRT) 4 (17.4%) 2 (11.1%) 4 (16.7%)

Combination modality

IT ? WBRT 6 (26.1%) 5 (27.8%) 9 (37.5%)

IT ? Systemic chemotherapy 1 (4.3%) 0% 3 (12.5%)

WBRT ? Systemic chemotherapy 1 (4.3%) 4 (22.2%) 0%

IT ? WBRT ? Systemic chemotherapy 5 (21.7%) 5 (27.8%) 3 (12.5%)

No treatment (supportive care only) 2 (8.7%) 0% 1 (4.2%)

Treatment outcome

Intrathecal chemotherapy

Cytologically negative conversion 53.3% 90.9% 73.7% 0.092

Clinical symptom improvement 43.5% 88.2% 66.7% 0.010

Median time to cytologic negative conversion (weeks) 1.3 3.9 3.9 0.562

Mean duration time of IT treatment (weeks) 9.9 19.0 15.6 0.426

Early death (\1 month) from LM 17.4% 0% 8.3% 0.082

Long term survivor (C 1 year) from LM 21.7% 27.8% 8.3% 0.217

Cause of death (CNS progression) 0% 36% 64% 0.060

Ommaya reservoir insertion 60.9% 82.4% 79.2% 0.235

Complications after Ommaya insertion 14.3% 6.7% 10.5% 0.795

Removal 0% 13.3% 15.8% 0.155

Change to shunt 0% 0% 15.8% 0.053

Time to death from distant metastasis 28.3 29.1 11.8 \0.0001

(metastatic OS) months (ranage) (1.2–103.0) (3.6–72.2) (1.7–54.3)

Time to death from LM 4.1 5.9 3.8 0.226

(LM - OS) months (range) (0.4–35.7) (2.8–27.8) (0.6–22.1)
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Breast cancer subtype and PS were not identified as risk

factors for survival (Fig. 2a, c). However, in the multi-

variate analysis, the results for the final model showed that

cytological negative conversion (Hazard Ratio (HR) 0.416,

P = 0.023), isolated CNS metastases (HR 0.420,

P = 0.028), and combined treatment modality for LM (HR

0.238, P = 0.004) were independent prognostic factors for

LM - OS (Table 5).

Discussion

This study investigated characteristic features of LM in

breast cancer according to intrinsic subtypes. At first,

patients with HR? subtype showed different presentations

and treatment outcomes. Isolated CNS metastasis appeared

to be more uncommon compared to other subtypes

(P = 0.004) (Table 2). In addition, progression of extra-

cranial systemic disease was a more common finding,

although statistical significance was not maintained (60.9%

vs. 41.2% vs. 41.7%). Most importantly, TTLM from dis-

tant metastasis was much longer in HR? than in other

subtypes (20.4 vs. 12.2 vs. 7.0 months, P = 0.001). In

addition, relatively low rates of death were caused by CNS

compared to other subtypes. Furthermore, early death

within 1 month from LM was a more common finding in

HR? patients than in other subtypes. The median TTLM

from distant metastases was 89 months in four patients

whose survival times from LM were within 1 month. The

cause of death was usually progression of extracranial

systemic disease, not LM. In the long run over the entire

disease course, LM was merely a final consequence in

HR? patients. The median number of lines of chemo-

therapy administered before development of LM was

higher in HR? than in other subtypes. With respect to

whole CNS involvement in breast cancer, LM seems to be

a final event, as does brain parenchymal metastasis in HR?

patients, as a result of the long-lasting disease course.

Interestingly, bone metastasis was closely related with

BM ? LM compared to BM-LM (Table 1). Considering

the route by which cancer cells reach the pia-arachnoid in

leptomeningeal carcinomatosis [6, 23], extensive meta-

static bone lesions including spines seem to be the most

likely locations for LM development. Consequently, our

results showed a preference for spinal metastases in HR?

patients (Table 2). Therefore, development of LM in HR?

patients appears to be correlated with the end-stage of the

whole disease course through extensive disseminated

metastases, especially to the spine. Most of the patients in

the HR? group died of uncontrolled systemic disease,

irrespective of LM control.

Owing to the delaying effects of trastuzumab or other

chemotherapy on CNS involvement, the HER2? subtype

was reported to have a higher incidence of late onset CNS

involvement [2, 24, 25]. TTLM in HER2? patients was

shown to be significantly longer than in TN patients, and

was similar to that observed in HR? patients. Limiting the

analysis to 18 HER2? patients, we found that TTLM in

trastuzumab-treated patients was much longer than those in

trastuzumab-naı̈ve patients (9.9 vs. 15.2 months,

P = 0.008). However, LM-OS did not show any significant

differences among the three subtypes. Compared to TN

subtype, early death was not observed in HER2? patients

and there were many long-term survivors of 12 months or

more (Table 2), as well as longer TTLM from distant

metastasis (Table 3). Interestingly, the proportion of

HER2? patients in the BM - LM subgroup was higher

than that of other subtypes (22.8% vs. 47.2% vs. 29.9%,

P = 0.049, Table 1). In fact, the rate of LM was lower in

HER2? patients than in other subtypes, among all the 272

patients with CNS metastases (46.3% for HR? vs. 28.5%

for HER2? vs. 40.6% for TN, P = 0.049). A plausible

explanation for this finding may be the differences in

biological background and improvements in treatment

related to HER2-targeted therapy.

In contrast, TTLM was much shorter in TN patients than

in the other subtypes. For patients with the worst prognoses

without any targeted therapy in TN breast cancer, the

occurrence of LM may be associated with extremely poor

prognoses. LM is a very late event in HR? patients and is

frequently associated with progression at other sites

including the brain parenchyma, but it did not seem to be a

late event in TN patients. Despite a similar prognosis of TN

patients in terms of LM - OS compared to other subtypes,

LM occurred early during the disease course of TN

patients. The short TTLM accompanied by the worst out-

comes in TN patients suggested that LM could occur

abruptly at any time, representing aggressive tumor

behavior. This finding reveals an urgent need for new,

innovative therapeutic strategies for TNBC patients. The

higher incidence of isolated CNS metastases, fewer lines of

chemotherapy, and higher rate of death caused by CNS

metastases support these conclusions. In HER2? patients

after trastuzumab treatment, development of CNS

Table 4 Univariate analysis for median survival time from LM

to death (LM - OS) (N = 65)

Parameter P value

Subtype 0.647

ECOG PS at LM 0.157

Systemic disease control at LM 0.035

Isolated CNS metastasis 0.035

Cytology negative conversion 0.001

Systemic chemotherapy 0.002

Combination therapy 0.008
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involvement indicates the late course of the disease,

although it may still be responsive to treatment. In other

words, CNS involvement including LM implies eventual

failure of disease control, but the clinical course is still

reversible in nature. This may present the evidence that

systemic chemotherapy plays a role in an advanced sys-

temic disease setting. However, independent sudden onset

of LM with highly aggressive clinical presentation in

TNBC probably results in a completely different clinical

course. In spite of frequent cytological conversions to IT

chemotherapy, the prognosis of LM in TNBC was no better

than other subtypes.

Fig. 2 Univariate analysis on time to death from LM (LM - OS)

(a); LM - OS according to use of combined modality for treatment

(b); LM - OS according to cytologic negative conversion status to IT

chemotherapy (c); LM - OS according to presence of isolated CNS

metastasis

Table 5 Multivariate Cox-regression analysis for survival from LM

(LM-OS)

Parameter P value Hazard ratio

(exp. B)

95% CI

Cytology negative

conversion

0.023 0.416 0.195–0.887

Isolated CNS metastasis 0.028 0.420 0.194–0.908

Combined treatment

modality for LM.

0.004 0.238 0.090–0.628

Progression of systemic

disease at LM

0.801 1.103 0.514–2.370
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We note that our study has some limitations. This was a

small retrospective study. There may have been heteroge-

neous treatment strategies, even though most of the patients

were treated with multiple modalities. Thus, treatment

factors were underestimated in our analysis. In addition,

the diagnostic method of LM needs to be better defined.

In conclusion, clinical courses of LM were affected by

breast cancer subtype: LM was an end-stage event in HR?

patients, BM - LM was more common in HER2? than in

other subtypes, and LM was a reflection of aggressive

tumor behavior with worse outcomes in TN patients. Fur-

ther studies to better understand the biology of LM and to

improve therapeutic outcomes are warranted.
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