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Abstract

Purpose  We conducted this study to analyze clinicopath-
ologic features and treatment outcomes for various treat-
ment modalities in breast cancer patients with brain
metastases.

Patients and methods Retrospective analysis was per-
formed using medical records of patients who were diag-
nosed with metastatic brain tumors from breast cancer. The
treatment modalities applied included whole-brain radio-
therapy (WBRT), surgical resection, stereotactic radiosur-
gery (SRS) and systemic treatments such as chemotherapy
and endocrine therapy.
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Results Among 125 female breast cancer patients with
brain metastases, 87.2% had Eastern Cooperative Oncology
Group (ECOG) performance status (PS) 0-2. The median
overall survival (OS) was 6.6 months (95% CI 3.9-9.2). A
multivariate analysis using the Cox-regression test identi-
fied three risk factors; poor PS (P = 0.023), HER2 positiv-
ity (P=0.013), and no additional systemic treatment
(P =0.006). Those patients who had no risk factors showed
outstanding outcome (median OS 49 months). On the con-
trary, the patients who had all risk factors (poor PS with
HER?2 positive and did not receive additional systemic
chemotherapy) showed dismal prognosis (median OS
2 months).

Conclusions Our new classification according to the sug-
gested risk factors for patients with metastatic brain tumor
from breast cancer reflects particular characteristics of each
subset of the patients with good prognostic capacity.

Keywords Brain metastases - Breast cancer -
Multi-modality - Survival outcomes

Introduction

Breast cancer is the second most common cause of brain
metastases, after lung cancer, and represents 14-20% of all
cases [1, 2]. Overall incidence of symptomatic brain metas-
tases in patients with breast cancer ranges from 4 to 10%,
but the incidence of metastases reported in autopsy studies
ranges from 18 to 30% [3, 4].

Patients with breast cancer rarely present with manifes-
tations of brain metastasis before detection of the primary
breast cancer. On average, the median latency between the
initial diagnosis of breast cancer and the onset of brain
metastasis is 2-3 years [4], suggesting that central nervous
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system (CNS) involvement typically occurs late in the
course of metastatic breast cancer. In most cases, involve-
ment of the lungs, liver, or bone precedes the diagnosis of
CNS metastasis [3, 5].

Several risk factors for brain metastases have been
reported. Brain metastasis is usually associated with
aggressive tumor behavior, a negative hormone receptor
status, relatively young women, c-erbB-2 overexpression or
the presence of lung and liver metastases [1, 3, 6-8].

In contrast to patients with brain metastasis from other
solid tumors, who usually die from progression of systemic
disease, about half of the patients with brain metastasis
from breast cancer die from their neurological disease [9].
Therefore, long-term survival in breast cancer cases with
brain metastasis depends more on local control of brain
metastasis than on control of other metastatic sites [10].
However, there is considerable controversy about the opti-
mal treatment of brain metastases.

As systemic therapy improves, control of extracranial
disease may no longer be the limiting factor determining
outcomes in patients with breast cancer metastatic to the
brain, and the issue of CNS metastases will likely become
more problematic [8].

The present study was conducted to analyze the treat-
ment outcomes for clinicopathologic characteristics and
various treatment modalities in breast cancer patients with
brain metastases and to identify independent prognostic
factors.

Patients and methods

We conducted a retrospective analysis using the medical
records of patients who were diagnosed with metastatic
brain tumor from breast cancer between January 1995 and
June 2006 at Samsung Medical Center. The study protocol
was approved by the institutional review board.

All patients were histologically confirmed as having
infiltrative ductal or lobular adenocarcinoma of the breast.
Brain metastases were diagnosed by brain magnetic reso-
nance imaging (MRI) with or without cytologic and/or
pathological confirmation.

All symptomatic patients with surrounding brain edema
received dexamethasone intravenously following the detec-
tion of brain metastases. Their treatment modalities
included whole-brain radiotherapy (WBRT), surgical resec-
tion, stereotactic radiosurgery (SRS) including gamma-knife
surgery (GKS), and systemic treatments such as chemother-
apy and endocrine therapy. The treatments for brain metas-
tasis consisted of either single or combined modalities. The
patients were diagnosed with leptomeningeal carcinomato-
sis if malignant cells were found in the cerebrospinal fluid
or if findings compatible with leptomeningeal seeding on

@ Springer

brain MRI were obtained. In these cases, the patients
were treated with intrathecal methotrexate via Ommaya
reservoir.

Statistical analysis

OS was measured from the date of diagnosis of brain
metastasis to death or to the last follow-up date. The date of
diagnosis of brain metastasis was defined as the day when
brain metastasis was confirmed by imaging or by patholog-
ical examination. The following data were analyzed: age,
performance status at the time of diagnosis of brain metas-
tasis, hormonal receptor status with erbB2 expression pro-
file, RPA class [11], interval between diagnosis of primary
tumor and detection of brain metastasis, treatment modali-
ties such as brain surgery, WBRT, SRS, and systemic treat-
ments. OS was estimated by the Kaplan—-Meier product
limit method. The log-rank test was used to compare sur-
vival rates. Differences were considered as statistically sig-
nificant when P value was less than 0.05. Multivariate
analysis was performed with Cox regression analysis.

Results
Patient characteristics

Medical records of 125 female breast cancer patients with
brain metastases were available for review. The median
interval between the diagnoses of primary breast cancer and
brain metastasis was 34.9 months (range 1-206 months),
and the median age at the time of brain metastasis was
47 years (range 23-72 years). The majority of the patients
(87.2%) had Eastern Cooperative Oncology Group (ECOG)
performance status (PS) 0-2. The brain was the first site of
metastasis in eighteen patients (14.4%), with brain metasta-
ses in 107 patients (85.6%) occurring after other systemic
metastases. The major sites of systemic disease preceding
brain metastases were lung (61.6%), bone (53.6%), and
liver (24.8%). At the initial presentation of brain metasta-
sis, more than three brain metastatic lesions were observed
in 89 patients (71.2%), and 109 patients (87.2%) belonged
to RPA class I-II (Table 1).

Treatment of brain metastasis

All patients received at least one local treatment, which
consisted of WBRT, SRS, and/or surgery. Most patients
(95.2%) were treated with WBRT. Table 2 summarizes the
various treatment modalities delivered to these patients.
Four treatment groups received different treatment modali-
ties, with the single local modality group accounting for
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Table 1 Patient characteristics at the time of brain metastases
(N =125)

No. of patients (%)

Table 2 Treatments of brain metastases (N = 125)

No. of
patients (%)

Treatment modalities

Age median, 47 years (range 23-72)

ECOG PS

0-1 76 (60.8)
2 33(26.4)
34 16 (12.8)
No. of brain metastatic lesions

1 22 (17.6)
2 11(8.8)
3 3(2.4)
>4 89 (71.2)
RPA class

1 17 (13.6)
2 92 (73.6)
3 16 (12.8)

Status of primary disease before brain metastases

Disease-free state 32 (25.6)
Progressive systemic disease 93 (74.4)
Metastatic sites other than brain parenchyme
Lung 77 (61.6)
Bone 67 (53.6)
Liver 31 (24.8)
Loco-regional recurrence 27 (21.6)
Leptomeninges 6 (4.8)
None 18 (14.4)
Prior treatments before brain metastases
Surgery 114 (91.2)
Adjuvant chemotherapy 98 (79.2)
Adjuvant radiotherapy to primary site 60 (48.0)
Adjuvant endocrine therapy 49 (39.2)
Palliative chemotherapy 85 (68.0)
Palliative endocrine therapy 19 (15.2)
Trastuzumab therapy 7(5.6)
Receptor status
Positive ER (N =112) 68 (60.7)
Positive PR (N =112) 47 (42.0)
Positive c-erbB-2 (N = 88) 26 (29.5)
Median intervals
Between primary diagnosis 34.9 months
and brain metastases (range 1-206)
Between systemic metastasis 11.3 months

and brain metastases (range 0-113)

RPA Recursive partitioning analysis class (/ KPS > 70, age < 65,
controlled primary disease and no extra cranial metastasis, 2 all others
except 1 and 3, 3 KPS < 70)

36.6% of all patients and the combined local modalities
followed by systemic treatments group included 19.2%
(Table 2). Additional systemic treatment following at least

Local treatment

Whole brain radiotherapy (WBRT) 119 (95.2)
Stereotactic surgery (SRT) 32 (25.6)
Surgery 16 (12.8)
Additional systemic treatment®

Chemotherapy 63 (50.4)
Endocrine therapy 19 (15.2)
Treatment groups

Single local modality (WBRT, SRS or surgery) 45 (36.6)
Combined local modalities 12 (9.6)
Single local modality + systemic Tx 44 (35.2)
Combined local modalities + systemic Tx 24 (19.2)

# Including chemotherapy and endocrine therapy

Table 3 The agents used in combination or single systemic treatment
regimens after local control of brain metastases (N = 68)

Systemic agents No. of patients (%)

Taxane(s) 46 (67.6)
Gemcitabine 25 (36.8)
Capecitabine 23 (33.8)
Vinorelbine 16 (23.5)
Anthracycline 15 (22.1)
Endocrine agents® 13 (19.1)
Trastuzumab 9(13.2)
CMF like regimens 8(11.8)

CMF cyclophosphamide, methotrexate, fluorouracil

# Including tamoxifen and aromatase inhibitors

one local treatment for brain metastasis was performed in 68
patients (54.4%) and the median number of treatment che-
motherapeutic regimens was 2 (range 1-9). Table 3 summa-
rizes the treatment agents which were used as systemic
treatments following local control of brain metastases.

Treatment outcomes

With a median follow-up duration of 50.8 months, the median
overall survival (OS) was 6.6 months (95% CI 3.9-9.2) from
the date of diagnosis of brain metastasis (Fig. 1). The 1- and 2-
year overall survival rates were 32.5 and 15.0%, respectively.
The most common cause of death was neurological problems
(60.0%) due to progression of brain lesions.

Prognostic factor analysis

The clinicopathologic factors predicting survival at univari-
ate analysis by log-rank test are shown in Table 4. Hepatic
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0] Table 4 Prognostic factors for survival in univariate analysis
No. of Univariate analysis
. patients by log-rank test
Median OS P value
(months)
2 06— Median OS; 6.6 months (95% CI 3.9-9.2)
% Age
g <50 years 80 7.2 0.923
a 047 >50 years 45 6.1
ECOG
02 0-1 76 9.8 <0.001
>2 49 4.0
0.0 ER/PR
(I) 1I2 2I‘1 3|s 4I8 610 Positive 68 9.3 0.679
Months Negative 44 5.3
Fig. 1 Overall survival Unknown 13
pS3
metastases (P = 0.010), number of CNS lesions (P = 0.007), Positive 43 9.8 0.101
RPA class (P < 0.001), short disease free survival (DFS) less Negative 27 6.1
than 1 year (P =0.0448), treatment modalities (P < 0.001), ~ Unknown 55
and additional systemic treatments after local control ~ HER2
(P <0.001) were statistically significant. To identify inde-  Positive 26 5.2 0.025
pendent prognostic factors, we conducted a multivariate ~ Negative 62 112
analysis using the Cox-regression test. However, contrary to Unknown 37
the univariate analysis, identified risk factors were poor PS ~ Metastasis to lung
(P =0.023), HER?2 positivity (P =0.013), and no additional +) 77 7.7 0.621
systemic treatment (P = 0.006) (Table 5). (=) 48 5.2
Metastasis to liver
Suggested prognostic model (+) 31 3.7 0.010
(=) 9% 8.4
According to the number of identified risk factors, we  Metastasis to bone
divided the patients into four groups: group 1, no risk fac- +) 67 6.3 0.350
tor; group 2, one risk factor; group 3, two risk factors; (=) 58 72
group 4, three risk factors (Table 6). The survival curves  No. of brain metastatic lesions
according to the suggested prognostic index for CNS 1 2 13.4 0.007
metastasis from breast cancer are shown in Fig. 2. The =2 103 6.0
uppermost line, in descending order, represents group 1;  gpa class
second, group 2; third, group 3; and the last, group 4. The 1 17 122 <0.001
survival curves of the four groups showed significantly ) 9 77
different survival outcomes (median OS; group 1, 3 16 23
49.4 months; group 2, 10.6 months; group 3, 4.4 months; Disease free survival (DFS)
group 4, 2.2 months, P < 0.0001). > 1 year 36 132 0.0448
<1 year 39 4.4
. . Local treatment for brain metastases
Discussion Combined modalities 36 16.7 <0.001
The survival of breast cancer patients has been prolonged Smglé modality* ) 89 48
with advanced systemic treatment. However, the incidence Additional systemic treatment
. . . . Yes 68 11.5 <0.001
of brain metastases has also increased in these patients, No 5 16

suggesting that systemic agents may penetrate poorly into
the CNS under physiologic conditions [11-13]. Apparently, = * WBRT (N = 84; 94.4%) and SRS (N = 5; 5.6%)
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Tab!e S .Progn(.)stic. factors fo'r Parameter P value Relative 95% CI 95% C1
survival in multivariate analysis risk (exp. B) (low risk) (high risk)
PS 0-1 0.023 2.849 1.158 7.005
ER/PR positivity 0.984 0.991 0.421 2.331
P53 positivity 0.867 1.075 0.462 2.502
HER? positivity 0.013 0.188 0.051 0.700
Triple negativity 0.127 0.289 0.059 1.425
Pulmonary metastasis 0.139 1.902 0.811 4.464
Hepatic metastasis 0.472 0.714 0.285 1.788
Bone metastasis 0.952 0.976 0.440 2.163
Number of brain metastasis 0.695 1.188 0.502 2.809
RPA class 0-1 0.391 1.586 0.553 4.555
DFI > 2 years 0.789 1.108 0.523 2.347
) o Combined modality 0.126 0.504 0.210 1.212
ﬁ%’ﬁ;”%’g’dvig R R Additional systemic treatment 0.006 2.700 1330 5.482
Table 6 Survival and relative risk of death according to the suggested prognostic model
Risk group Number of Number of Median OS Relative 95% C1
risk factors patients (%) (months) risk
Group 1 0 12 (15) 494 0.033 0.010-0.108
Group 2 1 36 (41) 10.6 0.181 0.084-0.387
Group 3 2 29 (33) 44 0.336 0.159-0.712
Group 4 3 11 (13) 22 - -
i) patients with brain metastases share a poor prognosis
P <0.0001 related to progressive neurological disability [16]. There-
fore, the control of brain metastasis is a critical treatment
087 i for prolonged survival in this population.

Group 1 Neurosurgery followed by WBRT as a combined local
> o4 modality has been shown in previous randomized studies to
- improve survival over WBRT alone [17-19]. However, in
g this study, we confirmed that the benefit of this combined

044 local modality has been observed only in patients with con-
trollable extracranial disease, and the importance of surgery

02 in the treatment of multiple lesions is still controversial
[20]. Although no randomized trial has compared SRS to

..... surgery for the treatment of brain metastases, SRS has

00 %0 a0 0.0 emerged as an appealing alternative to neurosurgery during

Fig. 2 OS according to the suggested prognostic model

the development of brain metastasis showed higher inci-
dence in HER-2 positive breast cancer [9, 10]. However,
some other studies did not show any increased risk in this
subgroups [14]. Recently, a few reports also suggested that
CNS metastases tended to occur in patients who were doing
well on trastuzumab therapy in HER-2 overexpressing
metastatic breast cancer [9, 15]. Moreover, a majority of

the last decade, even for multiple brain lesions [21, 22]. In a
randomized phase III study, a combination of WBRT and
SRS boosted survival in patients with a single unresectable
brain metastasis [23]. However, in another study, a survival
advantage for a combined local modality with SRS fol-
lowed by WBRT was not shown, although additional
WBRT decreased intracranial tumor recurrence [24]. These
studies included many kinds of primary malignancies,
including breast cancer, which are known to have different
radio-sensitivities. Because of this, the survival benefit of
combined local modalities for brain metastasis from breast
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cancer can be accurately determined only in breast cancer
patients.

The present study identified three independent prognos-
tic factors for survival of the patients with brain metastases
from breast cancer. Even if our study might have many lim-
itations that a retrospective study could have, our suggested
prognostic factors have their clinical relevance. Although
single-lesion metastasis, low RPA class, absence of hepatic
metastasis, combined modalities for the treatment of brain
metastasis and long DFS correlate with improved survival
by univariate analysis, these factors were not identified as
independent factors by multivariate analysis. Conversely,
HER?2 positivity, poor PS, and absence of additional che-
motherapy appeared as independent poor prognostic factors
in this analysis. It suggests that good therapeutic outcomes
of active combined modalities might result from good PS
and less aggressive clinical features. Clinical relevance of
brain metastasis from breast cancer may depend mainly on
its biologic characteristics. In our analysis, combined treat-
ment modalities for brain metastasis could not overcome
underlying biologic behavior. Besides, additional systemic
treatment was identified as an independent prognostic fac-
tor. The metastasis of breast cancer to the CNS is generally
a late feature of metastatic disease and is thought to be
hematogenous in origin [15]. As shown in our analysis, the
importance of systemic treatment should be emphasized
even though many of the patients die from neurologic
complications. It also suggests that systemic treatment in
this setting can be mainstay as well as other systemic
metastasis.

The most important finding from our study is that the
patients with brain metastasis from breast cancer can be
divided with four prognostic groups according to the num-
ber of suggested independent risk factors. To improve ther-
apeutic strategies, according to the risk for this distinctive
subset of the patients with brain metastasis from breast can-
cer, we attempted to identify specific risk factors. As shown
in Fig. 1, median OS of all patients is merely 6.6 months.
However, median OS of group 1, which has no risk factor,
extends up to 49 months. On the contrary to this, median
OS of group 4, which has all three risk factors, was no more
than 3 months. Considering median OS of all patients in
this study was 6.6 months and clinical course of group 1
showed completely different features. This group of
patients should be regarded as a particular subset which has
indolent clinical behavior. This finding is quite different to
the clinical course of the patients of group 3 or 4. Excluding
this particular subset, our results suggest that the patients
who have risk factor 2 or more should be considered for
new treatment strategies. Individualized treatment accord-
ing to the risk stratification should be adapted, especially in
this setting. Lapatinib is an oral small-molecular, reversible
dual inhibitor of EGFR and HER-2 tyrosine kinases, which
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have recently been approved in combination with capecita-
bine for treating advanced-stage HER-2-overexpressing
(HER-2) breast cancers that have progressed during prior
anthracycline, taxane, and trastuzumab therapies [25, 26].
This new agent might be a good therapeutic option for
HER-2 positive patients with brain metastasis who had
shown resistant to trastuzumab and other combination
chemotherapies.

Among our three independent risk factors, additional
systemic treatment is treatment factor, not tumor nor host
factor. This fact suggests that clinical outcomes of some
portion of group 2, 3, 4 patients can be improved. In addi-
tion, there are some reports which showed the activity of
systemic chemotherapy in this setting. In the largest previ-
ous study including breast cancer patients with mestastasis
to the brain, reported by Rosner et al. [27], CMF (cyclo-
phosphamide, fluorouracil, and methotrexate)-like regi-
mens were delivered to 100 female patients. Although none
of these agents could penetrate into the normal CNS to a
significant degree, the treatment produced a 50% response
rate in the CNS. In another small study, Boogerd et al. [28]
treated 22 patients with CMF or CAF (cyclophosphamide,
doxorubicin, and fluorouracil) in a similar setting and
observed a response rate for CNS lesions of 59%. These
results strongly suggested that chemosensitivity of the pri-
mary tumor may be important in determining the response
of CNS lesions.

In conclusion, our new classification according to the
suggested risk factors for patients with metastatic brain
tumor from breast cancer reflects particular characteristics of
each subset of the patients with good prognostic capacity.
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