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CLINICAL STUDY

Breast cancer and leptomeningeal disease (LMD): hormone
receptor status influences time to development of LMD

and survival from LMD diagnosis
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Abstract Leptomeningeal disease (LMD) occurs in 5 %
of breast cancer patients. The aim of this study was to
identify risk factors related to survival and time to devel-
opment of LMD in breast cancer patients. A retrospective
analysis of breast cancer patients with LMD, evaluated in
MDACC between 1995 and 2011. 103 patients with diag-
nosis of breast cancer and LMD were identified (one male).
The median age at LMD diagnosis was 49.2 years. 78.2 %
had invasive ductal carcinoma. Hormone receptors (HRs)
were positive in 55.3 % of patients, 47.4 % were human
epidermal growth factor receptor 2-positive and 22.8 %
were triple negative. 52 % of the patients were treated with
WBRT, 19 % with spinal radiation, 36 % with systemic
chemotherapy and 55 % with intrathecal chemotherapy.
Estimated median overall survival from time of breast
cancer diagnosis was 3.66 years. Median survival from
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time of LMD diagnosis was 4.2 months. Time from breast
cancer diagnosis to LMD was 2.48 years. In multivariate
analysis, HR status and stage at diagnosis were signifi-
cantly associated with time to LMD diagnosis (p < 0.05).
In triple negative patients, time to LMD was shorter. In
patients who were HR positive, time to LMD was longer.
Survival from LMD diagnosis was significantly associated
with both treatment, as well as positive HR status (multi-
variate analysis p < 0.05). In conclusion LMD has dismal
prognosis in breast cancer patients. HR status contributes to
time to LMD diagnosis and survival from LMD diagnosis.
The impact of treatment aimed at LMD cannot be ascer-
tained in our retrospective study due to the inherent bias
associated with the decision to treat.
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Introduction

Breast cancer is the most common female cancer in the US
and the second most common cause of cancer death in
women [1]. Biologic markers, such as hormone receptor
(HR) status, human epidermal growth factor receptor 2
(HER2) over expression and tumor burden, have both
prognostic and predictive value in these patients [2].

Leptomeningeal disease (LMD) is a devastating com-
plication of neoplastic diseases which is characterized by
the formation of secondary tumor deposits within the thin
membranes surrounding the brain [3]. LMD resulting from
solid tumors usually arises from breast and lung cancers,
followed by melanoma, with breast being the most com-
mon [4, 5].
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The incidence of LMD in cancer patients varies with the
type of primary cancer as well as the stage of the disease,
but it is often broadly estimated to range between 3 and
5 % [6]. It is considered a late manifestation of cancer and
is most often diagnosed at the time of cancer relapse. The
prognosis of LMD is poor [7]. Without therapy, the median
survival is 4-6 weeks and death is often accompanied by
progressive neurological dysfunction [8]. With LMD tar-
geted therapy, median survival is generally under 6 months
[8].

The risk of central nervous system (CNS) metastases
among women with stage IV breast cancer is 16 %; how-
ever autopsy series reveal twice as many cases (34 %) [9].
Of the patients with brain metastases at autopsy, 19 % are
identified as having LMD [10], however the reported
incidence in clinical series is 5 % [6]. HER2-positive and
triple negative breast cancer subtypes are associated with
an increased risk of CNS metastasis [11, 12].

Several factors, including performance status, low CSF
glucose levels, CSF positive cytology and cranial nerve
symptoms have been identified as possible predictors of
survival in patients with LMD from various solid tumors
[8], however studies evaluating prognostic factors for
patients with breast cancer and LMD are scarce. Few
papers regarding LMD and breast cancer are published
[13-18]. Four reports found a correlation between KPS at
the time of diagnosis of LMD and survival [14, 16-18].
Three studies investigated the correlation between HR and
HER?2 expression and LMD prognosis. de Azevedo et al.
[13], Torrejon et al. [17] found no correlation between
hormonal receptor status and HER2 expression and sur-
vival after LMD diagnosis. Gauthier, et al. [18] found a
correlation between hormonal receptor status, but not
HER?2 status and survival after the diagnosis of LMD.

The aim of this study was to characterize the clinical and
pathological features and outcomes of patients with breast
cancer and LMD, and to identify risk factors related to time
to development and survival after LMD diagnosis in breast
cancer patients. We aimed to define whether hormonal and
HER?2 statuses have a role in the prognosis of LMD
patients.

Since triple negative breast cancer is associated with
higher rates of brain, liver, and lung metastases and worse
prognosis [19] and patients with brain metastases second-
ary to triple negative breast cancer have worse survival
compared to patients who are hormone positive [19], by
extension, our hypothesis was that patients with positive
hormonal receptors would have better prognosis once
diagnosed with LMD.

We also assumed that parenchymal brain metastases and
the load of systemic disease would be associated with
worse prognosis once LMD was diagnosed.
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Materials and methods

After securing institutional board review approval (proto-
col RCR 03-0331), we queried the MD Anderson cancer
center database for patients diagnosed with LMD and
breast cancer between 1995 and 2011.

Breast cancer staging was reported according to the
American Joint Committee on Cancer (AJCC) [20]. The
diagnosis of LMD was based on: (1) the detection of
malignant cells in the CSF, and/or (2) the demonstration of
findings consistent with LMD on neuraxis magnetic reso-
nance imaging (MRI), such as cranial nerve enhancement,
thickening of the meninges, or subarachnoid enhancing
nodules.

The records and imaging studies of all patients with
breast cancer and LMD were retrospectively reviewed.

We analyzed the following clinical and pathological
prognostic factors: age at diagnosis of breast cancer (BC);
age at diagnosis of LMD, performance status at time of
diagnosis of LMD (PS); presence of systemic disease and
sites of systemic metastasis at time of diagnosis of LMD;
CSF features (cell count, glucose and protein); histology of
breast cancer; nuclear and histological grade; biological
marker status [hormone receptor status (HR), estrogen and
progesterone receptors, HER2 expression]; previous sys-
temic treatment; new systemic therapy at time of LMD
diagnosis; intrathecal therapy and radiation therapy; CSF
markers and MRI findings at time of LMD diagnosis.
HER?2 expression was assessed either by immunohisto-
chemistry or florescent in situ hybridization (Tables 1, 2).

Statistical methods

Data was first summarized using standard descriptive sta-
tistics and frequency tabulation. Time to event endpoints
included OS from LMD diagnosis, OS from BC diagnosis,
and Time from BC to LMD diagnosis, and were estimated
using the Kaplan—Meier method. The comparisons between
or among patients’ characteristics groups were assessed
using log-rank test. Univariate and multivariate Cox pro-
portional hazard models were applied to assess the effect of
the covariates of interest on time to event endpoints. All
computations were carried out in SAS 9.2 and S-plus 8.0.

Results

Of the 154 patients identified in the database, 39 were not
included in this report due to incomplete data. One patient
was male and 103 female. Analysis was conducted on these
103 female patients.
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Table 1 Patient and tumor characteristics at time of diagnosis of
breast cancer

Table 2 Patient characteristics at time of LMD diagnosis and
treatment

N (%)
Age (median, range) 45.4 (27.5-68.7)
Histology
Invasive ductal 86 (86.8)
Infiltrating lobular 10 (10.1)
Ductal in situ 1(1.1)
Mixed ductal/lobular 2(2)
Unknown 4
Grade
1 13 (16.7)
2 26 (33.3)
3 39 (50)
Unknown 25
Stage
0 1(1)
1 16 (15.5)
2 28 (27.2)
3 32 (31.1)
4 26 (25.2)
HR
Negative 46 (44.7)
Positive 57 (55.3)
ER
Negative 51 (49.5)
Positive 52 (50.5)
PR
Negative 64 (62.1)
Positive 39 (37.9)
HER2
Negative 41 (52.6)
Positive 37 (47.4)
Unknown 25
TNBC
TNBC 18 (20.7)
Non TNBC 69 (79.3)
Unknown 16

ER estrogen receptor, PR progesterone receptor, HER2 human epi-
dermal growth factor receptor 2, TNBC triple negative breast cancer

Median age at breast cancer diagnosis was 45.4 (range
27.5-68). At the time of their breast cancer diagnosis, the
majority of patients had invasive ductal carcinoma
(78.2 %), 50 % had high grade breast cancer (grade 3—4),
and more than 50 % presented with stage III or stage IV
disease.

HR (either ER or PR or both) were positive in 55 %
patients. Estrogen receptor was positive in 50.5 % of

Age 49.2 (28.6-76.2)
KPS

<80 52

>80 46

Unknown 5

Brain metastases

No 55 (53.9 %)
Yes 47 (46.1 %)
Unknown 1
Cytology
Neg 8 (9.9 %)
Pos 73 (90.1 %)
Unknown 22
Imaging
Neg 13 (13.3 %)
Pos 85 (86.7 %)
Unknown 5
Cytology negative imaging positive 8 (10.3 %)
Cytology and imaging positive 58 (75.3 %)
Cytology positive imaging negative 11 (14.3 %)
Unknown 26
CSF content
WBC
<5 24 (43 %)
>5 32 (57 %)
Unknown 47
Protein
>50 33 (56 %)
<50 26 (44 %)
Unknown 44
Glucose
<40 12 (25 %)
>40 45 (75 %)
Unknown 46
Treatment—any treatment
Therapy 80 (80.8 %)
No therapy 19 (19.2 %)
Unknown 4
WBRT
No 47 (47.5 %)
Yes 52 (52.5 %)
Unknown 4
Spinal radiation
No 81 (81 %)
Yes 19 (19 %)
Unknown 3
Systemic chemotherapy
No 63 (63.6 %)
Yes 36 (36.4 %)
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Table 2 continued

Unknown 4

Intrathecal chemotherapy

No 44 (44.4 %)
Yes 55 (55.6 %)
Unknown 4

Type of Intrathecal chemotherapy

Methotrexate 17
Topotecan 22
Cytarabine 24
Multiple 9

CSF cerebrospinal fluid, TNBC triple negative breast cancer, WBRT
whole brain radiation therapy

patients, progesterone receptor was positive in 37.9 %, and
HER2 was overexpressed in 47.4 %.

The patient characteristics at time of diagnosis of breast
cancer are shown in Table 1.

Two patients were diagnosed with LMD at time of
breast cancer diagnosis. Both of them had triple negative
breast cancer. One of them had systemic disease and for the
other LMD was an isolated site of metastasis. At time of
LMD diagnosis median KPS was 70 (range 10-100).
24.3 % of the patients had no evidence of systemic disease
outside the CNS.

Cytology was positive for malignant cells in 90 % of
patients; MRI was consistent with an LMD diagnosis in
86 % of patients. All patients included in this report had
either CSF or imaging evidence of disease. Seventy-five
percent had both diagnostic modalities positive at diagnosis.

Eighty percent of the patients were treated for their
LMD. Of those, 52 % received whole brain radiation, 19 %
were treated with spinal radiation, 36.4 % received sys-
temic chemotherapy and 55.6 % were treated with intra-
thecal chemotherapy. 29 patients (36 %) were treated with
more than one modality of treatment.

Patient characteristics at time of LMD diagnosis and
treatment are shown in Table 2.

At the time of this analysis 102 patients have died; one
patient that is still alive 3.5 years after diagnosis of LMD
(positive cytology and imaging at diagnosis). This patient
had triple negative breast cancer and was treated with
WBRT and IT chemotherapy.

Overall median survival from time of breast cancer
diagnosis was 3.6 years (95 % CI 2.54, 4.66). Median time
from breast cancer diagnosis to LMD diagnosis was
2.5 years (range 0.14-14.6 years) (the 2 patients that were
diagnosed with LMD at time of breast cancer diagnosis
were excluded from this analysis). Median survival from
LMD diagnosis was 4.27 months (range for those who died
0.11-3.78 years); 24 patients (23 %) survived from time of
LMD diagnosis more than a year.
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Survival from time of breast cancer diagnosis was sig-
nificantly associated with stage at diagnosis of breast cancer
(» < 0.0001). The survival from time of breast cancer
diagnosis of patients with positive HR was significantly
longer than those with HR negative disease (<0.0001).
Patients with triple negative cancer had the worst prognosis.
HER?2 status was not significantly associated with survival
from breast cancer diagnosis. On multivariate analysis breast
cancer stage and HR status was significantly associated with
survival from breast cancer diagnosis (p = 0.0003, 0.004).

Time from the diagnosis of BC to time of LMD diag-
nosis was significantly associated with stage at diagnosis of
BC (p < 0.0001) and HR status (p < 0.0001). Patients with
HR positive disease had a longer period from time of BC to
time of LMD diagnosis. Patients with triple negative breast
cancer had significantly shorter time from BC diagnosis to
LMD diagnosis (Table 3; Fig. 1).

There was a trend toward better survival from the time of
LMD diagnosis for patients with better performance status;
however it was not statistically significant (p = 0.087,
Table 4). The load of systemic disease, as measured by
involvement of bone only, viscera only, or both, or a history
of brain metastases, was not associated with survival from
time of LMD diagnosis. HR positivity was significantly
associated with survival from time of LMD diagnosis
(p = 0.0357). Any treatment (WBRT, systemic chemo-
therapy or IT chemotherapy) was associated with a longer
survival from the time of LMD diagnosis (p < 0.0001).
Patients who received therapy had a significantly higher KPS
compared to those who did not receive therapy (mean
72 £ 19 compared to 52 £+ 17, p = 0.0002). Treatment
with more than one modality of treatment (combination of
radiation, systemic chemotherapy or IT chemotherapy) was
associated with better survival (p < 0.0001).

The 24 patients who survived more than a year from
time of LMD diagnosis had a better KPS at time of LMD
diagnosis (mean 73 £ 18 compared to 67 + 21), however
the difference was not statistically significant (p = 0.23).
The receptor status was not different between the patients
that survived more than a year and those who survived less
than a year from time of LMD diagnosis. 15/37 (40.5 %)
patients that were HER2 positive were treated with HER2
targeted therapies during the course of their illness.
Treatment with those agents was not associated with better
survival from LMD diagnosis or time from breast cancer to
LMD diagnosis.

Discussion
LMD is a complication of breast cancer with dismal

prognosis; here, about 23 % of such patients survived more
than a year. We found that HR status and stage at diagnosis
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Table 3 Time from breast cancer diagnosis to LMD diagnosis

Univariate Cox model

Covariate Level Hazard ratio p value
Age at breast 1.01 (0.99-1.03) 0.16
cancer
diagnosis
Breast 1vs3 0.99 (0.5-1.9) 0.99
cancer grade 5 yg 3 0.76 (0.45-1.26)  0.28
Breast 0/1 vs 4 0.16 (0.08-0.32) <0.0001
cancer stage  p y 4 0.32 (0.8-0.57) 0.0001
3vs4 0.54 (0.3-0.93) 0.0263
HR Positive vs negative 0.42 (0.28-0.64) <0.0001
ER Negative vs positive  1.63 (1.1-2.4) 0.0159
PR Negative vs positive  1.92 (1.3-2.9) 0.0024
HER2 Positive vs negative 0.85 (0.53-1.34) 0.49
TNBC Non TNBC vs TNBC 2.04 (1.18-3.5) 0.0102

Multicovariate Cox model 1 of survival and breast cancer stage and
receptor status

Parameter Hazard ratio p value
Breast cancer stage at diagnosis

0/1 vs 4 0.089 (0.04-0.19) <0.0001

2vs 4 0.218 (0.12-0.4) <0.0001

3vs4 0.49 (0.28-0.86) 0.0124
HR

Positive vs negative 0.21 (0.13-0.34) <0.0001
ER

Positive vs negative 0.45 (0.29-0.7) 0.0004
PR

Positive vs negative 0.48 (0.3-0.77) 0.0023
TNBC

TNBC vs non-TNBC 0.3 (0.0001-3.13) 1.14084

HR hormone receptor, ER estrogen receptor, PR progesterone
receptor, TNBC triple negative breast cancer, HER2 human epidermal
growth factor receptor 2

are the most important factors contributing to time from
breast cancer diagnosis to LMD diagnosis. Once LMD is
diagnosed HR status and treatment targeting the LMD were
the most important factors related to survival.

In accordance with our hypothesis, patients with HR
positive disease had a longer duration from BC diagnosis to
LMD diagnosis and a longer survival after LMD diagnosis.
HR status is a well-known factor that correlates with sur-
vival from BC diagnosis. Furthermore in previous studies,
survival in patients with brain metastases and time to
development of brain metastases, were found to be related
to HR status (12, 19). Thus, we expected to find correlation
between HR status and those two time lines.

Limited data is available about the correlation between
prognosis of LMD and hormonal receptors and HER2
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Fig. 1 Time from breast cancer diagnosis to LMD diagnosis
according to hormone receptor status

expression. Jayson et al. [16], Torrejon et al. [17] found no
correlation between hormonal receptor status or HER2
expression and survival after LMD diagnosis. These stud-
ies included small patient numbers (<40 patients). Gauthier
et al. [18] whose series included 91 patients, had similar
findings to this report. These authors found a correlation
between hormonal receptor status, but not HER?2 status and
survival after diagnosis of LMD.

The incidence of HER2 amplification in patients with
breast cancer is 25-30 % [21]. Among the patients reported
here, a higher proportion of patients had HER 2/neu
amplification (47.4 %) (although there was substantial
missing data). Before the era of anti HER2 agents, HER2
positive breast cancer was correlated with diminished dis-
ease free and overall survival [21]. Previous reports show a
higher incidence of brain metastases among patients whose
tumors are HER?2 positive [2]. In the era of HER2 directed
therapy, several studies have reported improved survival
from the time of diagnosis of CNS metastases in patients
who had HER2-positive versus those with HER2-negative
disease [22]. In this study HER status was not associated
with time to, or survival from, LMD diagnosis. The low
number of patients who received anti HER2 agents might
correlate with poor prognosis of those patients and the high
proportion of patients who were HER2 positive. Another
reason for the high proportion of HER2 positive cases
could be that trastuzumab does not cross the blood brain, or
blood CSF barrier, thus not protecting this region of the
body. Further, this finding suggests that targeting HER2
using intrathecal strategies, or with systemic anti-HER2
agents that penetrate the CNS, may be worth testing.
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Table 4 Survival from time of Univariate Cox model

LMD
Covariate Level Hazard Ratio p value
Age 1.002 (0.98-1.02) 0.8466
KPS 0.70 (0.47, 1.05) 0.087
CSF white blood cells 1.0006 (0.99-1.01) 0.8282
CSF protein 1.0006 (0.99-1) 0.1595
CSF glucose 0.99 (0.98-1.01) 0.5805
Breast cancer stage at diagnosis 0/1 vs 4 0.72 (0.38-1.35) 0.2997
2 vs 4 0.95 (0.55-1.64) 0.8650
3vs4 1.11 (0.65-1.87) 0.6994
HR Positive vs negative 0.65 (0.44-0.97) 0.0357
ER Negative vs positive 1.46 (0.98-2.16) 0.0599
PR Negative vs positive 1.58 (1.05-2.38) 0.0285
HER2 Positive vs negative 1.12 (0.71-1.76) 0.6299
TNBC TNBC vs NonTNBC 1.59 (0.93-2.71) 0.0900
Systemic disease outside CNS Positive vs negative 0.7 (0.46-1.18) 0.2060
Brain parenchymal metastases Positive vs negative 0.89 (0.6-1.33) 0.5728
LMD at brain metastases Positive vs negative 0.99 (0.54-1.8) 0.9754
Positive cytology Positive vs negative 0.57 (0.27-1.2) 0.1408
Positive imaging Positive vs negative 1.38 (0.76-2.49) 0.2870
WBRX Yes/No 1.6 (1.07-2.4) 0.0219
Spinal radiation Yes/No 1.27 (0.76-2.1) 0.3565
Systemic chemotherapy Yes/No 2.84 (1.84.4) <0.0001
Intrathecal chemotherapy Yes/No 2.2 (1.4-3.35) 0.0002
No therapy Yes/No 0.31 (0.18-0.52) <0.0001

Multicovariate Cox model

Parameter p value Hazard ratio
LMD leptomeningeal disease, HR
CSF cerebrospinal fluid, ER Positive vs negative 0.0453 0.66 (0.44-0.99)
estrogen receptor, PR WBRX
progesterone receptor, TNBC Yes vs no 0.0081 0.57 (0.37-0.86)
triple negative breast cancer, .
WBRR whole brain radiation Systemic chemotherapy
therapy, HR hormone receptor, Yes vs no <0.0001 0.38 (0.23-0.61)
I‘Z; Igr;’ge;tiroge _recelleorﬁ Intrathecal chemotherapy
t:
who'e brain fadiation Yes vs no 0.0002 0.43 (0.28-0.68)

therapy

We did not identify predictive factors for the patients
who survived more than a year after LMD diagnosis. The
patients who survived more than one year did not have
specific receptor status (compared to the patients surviving
less than a year) and their KPS was not significantly higher.

There is no standard of care for LMD; few prospective
studies have been published. Treatment including intra-
thecal chemotherapy, systemic chemotherapy and WBRT
was associated with increased survival in this series. This
suggests the importance of treatment; though it might
represent a selection bias of patients selected for treatment,
since the patients that were treated had a better KPS.

Survival from primary breast cancer diagnosis was
3.6 years which is significantly lower than expected for the
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general population of patients with newly diagnosed breast
cancer [1]. This might represent the aggressive nature of
cancer among those patients and correlates with the high
proportion of patients (50 %) with high stage at diagnosis
of breast cancer.

Previous studies revealed that survival from LMD diag-
nosis is correlated with the following factors: functional
status (KPS), low CSF glucose, high protein, prior lung
metastases. In our study there was a trend between KPS and
better survival (p = 0.059). The other factors mentioned
were not associated with survival from LMD diagnosis. This
may be due to small sample size and missing data.

In contrast to our hypothesis, once LMD was diagnosed,
parenchymal brain metastases and the load of systemic
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disease were not associated with worse survival. This is in
accordance with a previous study that investigated the
importance of disease burden in patients with melanoma
and LMD. In that study load of disease was not correlated
with survival [23]. Based on this finding, it may not be
necessary to exclude breast cancer patients with LMD from
enrollment into clinical trials of LMD treatments, simply
due to the fact that they carry a higher burden of overall
disease or have parenchymal brain metastases.

Further studies are needed to explore the nature and risk
factors of LMD, define the patients with better prognosis
and to find better treatment for this complication of cancer.

In conclusion, LMD is a devastating complication of
breast cancer with dismal prognosis. Receptor status and
stage at diagnosis are the most important factors contrib-
uting to time form breast cancer to LMD diagnosis. Once
LMD is diagnosed HR status impacts survival. Even
though treatment aimed at LMD correlates with a better
survival after diagnosis, its impact cannot be ascertained
due to the inherent bias associated with the decision to
treat, which is typically associated with a better perfor-
mance status.

Conflict of interest S. Yust-Katz, P. Garciarena, D. Liu, Y. Yuan,
N. Ibrahim and M Penas-Prado: No conflict of interest. M. Groves:
Research support: Merck, Celldex, Genentech, GSK, Honoraria:
Merck, Sanofi-Aventis, Genentech. Advisory board: Sanofi-Aventis,
Genentech. Speakers bureau: Enzon.

References

1. Siegel R, Ward E, Brawley O, Jemal A (2011) Cancer statistics,
2011: the impact of eliminating socioeconomic and racial dis-
parities on premature cancer deaths. CA Cancer J Clin 61(4):212

2. Kennecke H, Yerushalmi R, Woods R, Cheang MC, Voduc D,
Speers CH, Nielsen TO, Gelmon K (2010) Metastatic behavior of
breast cancer subtypes. J Clin Oncol 28(20):3271-3277

3. Chamberlain MC (1998) Leptomeningeal metastases: a review of
evaluation and treatment. J Neurooncol 37(3):271-284

4. Grewal J, Saria MG, Kesari S (2012) Novel approaches to treating
leptomeningeal metastases. J Neurooncol 106(2):225-234

5. Kesari S, Batchelor TT (2003) Leptomeningeal metastases.
Neurol Clin 21(1):25-66

6. Gleissner B, Chamberlain MC (2006) Neoplastic meningitis.
Lancet Neurol 5:443-452

7. Chamberlain MC (2008) Neoplastic meningitis. Curr Neurol
Neurosci Rep 8:249-258

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Grossman SA, Krabak MJ (1999) Leptomeningeal carcinomato-

sis. Cancer Treat Rev 25(2):103-119

. Tsukada Y, Fouad A, Pickren JW et al (1983) Central nervous

system metastasis from breast carcinoma. Cancer 52:2349-2354
Lin NU, Bellon JR, Winer EP (2004) CNS metastases in breast
cancer. J Clin Oncol 22(17):3608-3617

Slimane K, Andre F, Delaloge S, Dunant A, Perez A, Grenier J,
Massard C, Spielmann M (2004) Risk factors for brain relapse in
patients with metastatic breast cancer. Ann Oncol 15(11):1640-1644
Hicks DG, Short SM, Prescott NL, Tarr SM, Coleman KA, Yoder
BJ, Crowe JP, Choueiri TK, Dawson AE, Budd GT, Tubbs RR,
Casey G (2006) Weil RJ Breast cancers with brain metastases are
more likely to be estrogen receptor negative, express the basal
cytokeratin CK5/6, and overexpress HER2 or EGFR. Am J Surg
Pathol 30(9):1097-1104

de Azevedo CR, Cruz MR, Chinen LT, Peres SV, Peterlevitz
MA, de Azevedo Pereira AE, Fanelli MF, Gimenes DL (2011)
Meningeal carcinomatosis in breast cancer: prognostic factors
and outcome. J Neurooncol 104(2):565-572

Boogerd W, Hart AAM, Sande JJV, Engelsman E (1991) Men-
ingeal carcinomatosis in breast cancer. Cancer 15:1685-1695
Rudnicka H, Niwinska A, Murawska M (2007) Breast cancer
leptomeningeal metastasis—the role of multimodality treatment.
J Neurooncol 84:57-62

Jayson GC, Howell A, Harris M et al (1994) Carcinomatous
meningitis in breast cancer: an aggressive disease variant. Cancer
74:3135-3141

Torrejon D, Oliveira M, Cortes J, Sanchez-Olle G, Gomez P,
Bellet M, Saura C, Peg V, Rovira A, Di Cosimo S (2012)
Implication of breast cancer phenotype for patients with lepto-
meningeal carcinomatosis. Breast. doi:10.1016/j.breast.2012
Gauthier H, Guilhaume MN, Bidard FC et al (2010) Survival of
breast cancer patients with meningeal carcinomatosis. Ann
Oncol. doi:10.1093/annonc/mdq232

Sperduto PW, Kased N, Roberge D, Chao ST, Shanley R, Luo X,
Sneed PK, Suh J, Weil RJ, Jensen AW, Brown PD, Shih HA,
Kirkpatrick J, Gaspar LE, Fiveash JB, Chiang V, Knisely JP,
Sperduto CM, Lin N, Mehta M (2013) The effect of tumor sub-
type on the time from primary diagnosis to development of brain
metastases and survival in patients with breast cancer. J Neu-
rooncol. doi:10.1007/s11060-013-1083-9

Fleming ID, Cooper JS, Henson DE et al (eds) (1997) AJCC
cancer staging manual, 5th edn. Lippincott-Raven, Philadelphia
Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, McGuire
WL (1987) Human breast cancer: correlation of relapse and
survival with amplification of the HER-2/neu oncogene. Science
235(4785):177-182

Altundag K, Bondy ML, Mirza NQ, Kau SW, Broglio K, Hort-
obagyi GN, Rivera E (2007) Clinicopathologic characteristics and
prognostic factors in 420 metastatic breast cancer patients with
central nervous system metastasis. Cancer 110(12):2640-2647
Harstad L, Kenneth R, Groves MD (2008) Prognostic factors and
outcomes in patients with leptomeningeal melanomatosis. Neuro
Oncol 10(6):1010-1018

@ Springer


http://dx.doi.org/10.1016/j.breast.2012
http://dx.doi.org/10.1093/annonc/mdq232
http://dx.doi.org/10.1007/s11060-013-1083-9

	Breast cancer and leptomeningeal disease (LMD): hormone receptor status influences time to development of LMD and survival from LMD diagnosis
	Abstract
	Introduction
	Materials and methods
	Statistical methods
	Results
	Discussion
	Conflict of interest
	References


