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Summary

Amplification of the gene for
human epidermal growth
factor receptor type 2 (HER
2) is a well-established
prognostic indicator in breast
cancer. This retrospective
study on a cohort of women
with brain metastases from
breast cancer showed that
overall survival is better for
those who are HER 2þ
relative to those who are
HER 2-, survival after diag-
nosis of brain metastases is
longer, as is survival after
treatment with stereotactic
radiosurgery. This data
suggests that HER 2 status
may be a predictive factor
for SRS.

Purpose: To analyze factors affecting outcomes in breast cancer patients with brain metastases
(BM) and characterize the role of HER2 status.
Methods and Materials: We identified 264 breast cancer patients treated between 1999 and
2008 for BM. HER2 status was known definitively for 172 patients and was used to define
cohorts in which survival and risk factors were analyzed.
Results: Kaplan-Meier survival analysis demonstrated improved mean overall survival (105.7
vs. 74.3 months, p < 0.02), survival after diagnosis of BM (neurologic survival, NS) (32.2
vs. 18.9 months, p < 0.01), and survival after treatment with stereotactic radiosurgery (RS)
(31.3 vs. 14.1, p < 0.01) in HER2þ patients relative to those with HER2� breast cancer.
HER2þ status was an independent, positive prognostic factor for survival on univariate and
multivariate hazard analysis (hazard ratio: overall survival Z 0.66, 0.18; NS Z 0.50, 0.34).
Additionally, subgroup analysis suggests that stereotactic radiosurgery may be of particular
benefit in patients with HER2þ tumors.
Conclusions: Overall survival, NS, and RS are improved in patients with HER2þ tumors, rela-
tive to those with HER2� lesions, and HER2 amplification is independently associated with
increased survival in patients with BM from breast cancer. Our findings suggest that the prog-
nosis of HER2þ patients may be better than that of otherwise similar patients who are HER2�
and that stereotactic radiosurgery may be beneficial for some patients with HER2þ lesions.
� 2012 Elsevier Inc.

Keywords: Stereotactic radiosurgery, Whole-brain radiotherapy, Surgery, Survival, Trastuzu-
mab, Lapatinib, Kaplan-Meier analysis, Hazards analysis

Reprint requests to: Robert J. Weil, M.D., Brain Tumor and Neuro-

Oncology Center, The Neurological Institute, Cleveland Clinic, Mail

Desk ND4-40 LRI, 9500 Euclid Ave., Cleveland, OH 44195. Tel: (216)

444-6880 Fax: (216) 444-2682; E-mail: weilr@ccf.org

This research was supported in part by Grant No. W81XWH-062-0033

from the U.S. Department of Defense Breast Cancer Research Program

(R.J.W.). Additional support and funding came from the Melvin Burkhardt

chair in neurosurgical oncology and the Karen Colina Wilson research

endowment within the Brain Tumor and Neuro-Oncology Center at the

Cleveland Clinic Foundation.

Z.X. and N.F.M. contributed equally to this work and are co-first

authors.

Conflict of interest: none.

Int J Radiation Oncol Biol Phys, Vol. 82, No. 5, pp. e739ee747, 2012

0360-3016/$ - see front matter � 2012 Elsevier Inc. All rights reserved.

doi:10.1016/j.ijrobp.2011.06.1968

Radiation Oncology
International Journal of

biology physics

www.redjournal.org

mailto:weilr@ccf.org
http://dx.doi.org/10.1016/j.ijrobp.2011.06.1968
http://www.redjournal.org


Introduction

Central nervous system (CNS) metastases are the most common
malignant brain tumors, with an annual incidence in the United
States of up to 170,000 cases per year (1). Risk factors for brain
metastases from breast cancer include young age, African
American ethnicity, tumor grade, BRCA1 phenotype, and receptor
status (2e8). Historically, survival after diagnosis of brain
metastases in women with breast cancer has averaged 3e9
months; fewer than 20% of patients survive beyond 1 year (9).

Recently, amplification of the gene for human epidermal
growth factor receptor type 2 (HER2), a 185-kDa transmembrane
tyrosine kinase (10, 11), has been identified as a prognostic
marker. Before the advent of chemotherapeutic agents targeted to
this receptor, lymph nodeepositive patients whose tumors were
HER2 positive (HER2þ) had a lower overall 10-year survival than
those who were HER2 negative (HER2�) (11e14). Amplification
of HER2 predicts response to the monoclonal antibody trastuzu-
mab (15) and similar forms of adjuvant chemotherapy directed at
the receptor (13), making it a valuable predictive marker (16) and
a useful guide to systemic therapy. Therapy targeted at the HER2
receptor has significantly improved survival in HER2þ patients
(11, 17).

The relative proportion of brain metastases in patients with
HER2þ breast cancer is unknown. Figures of approximately
10e25% are common; some estimates approach 40%. These rates
vary with the extent of the primary disease but are, in general,
higher than in patients who are HER2� (11, 18e27). This
difference is believed to be attributable both to treatment-related
effects and to biological factors. Recent studies of CNS progres-
sion of HER2þ primary breast cancer indicate that more than two-
thirds of patients with symptomatic CNS disease presented at
a time when their systemic disease was controlled or was
responding to trastuzumab (21). Because trastuzumab does not
penetrate the CNS, these findings suggest that the brain may serve
as a sanctuary site. Regarding biological factors, studies con-
ducted in the pre-trastuzumab era demonstrated increased cumu-
lative risk (6.8% vs. 3.5%) and increased incidence of CNS
disease as the first site of breast cancer relapse (2.5% vs. 1.0%) in
HER2þ vs. HER2� patients. These findings suggest that differ-
ences in underlying tumor biology between these subgroups may
influence the development of CNS disease (11, 18, 21, 28).
Regardless of the relative proportionality of these effects, brain
metastases remain a significant problem in patients with HER2þ
breast cancer, particularly in the post-trastuzumab era.

Because systemic treatments have improved long-term survival
in these patients (26, 29e31), preventing morbidity and mortality
related to development of brain metastases is an important
consideration. Several strategies attempt to address this issue.
Whole-brain radiotherapy (WBRT) is known to improve survival
(32) and to reduce the cumulative incidence of brain metastases
and the risk of death, leading some to suggest prophylactic WBRT
in patients with HER2þ breast cancer. This has been met with
limited enthusiasm (24, 33) because of concerns for possible
delayed neurocognitive effects of WBRT (34) and patient prefer-
ences. Small-molecule inhibitors, such as lapatinib, have also been
considered as adjuvant chemotherapeutic agents. The potential,
long-term benefits of lapatinib to treat brain metastases remain
unknown (35e37). Stereotactic radiosurgery (SRS) represents
an attractive option, because it offers single-session, outpatient
therapy associated with low morbidity, fewer neurocognitive side

effects, minimal recovery time, and little or no interruption of
therapy for the primary malignancy (38). One published abstract
(17) suggested an improved likelihood of 1-year survival in
patients with HER2þ breast cancer treated with SRS, but there is
no further understanding of the role of SRS in these patients. We
analyzed the factors affecting outcomes in patients with brain
metastases from breast cancer to characterize the role and the
implications of HER2 status in the management of CNS disease
and to assess the efficacy of SRS in a large series of patients with
breast cancer metastatic to the brain.

Methods and Materials

We conducted an institutional review boardeapproved review of
patients managed by the Brain Tumor and Neuro-Oncology
Center at the Cleveland Clinic from 1999 to 2008. Patients
with a histologic diagnosis of breast adenocarcinoma and one or
more brain lesions consistent with metastases were eligible. All
primary histologic diagnoses of breast cancer were made from
breast tissue obtained by either biopsy or resection. Assessment
of HER2 status was independently performed on all tissue
specimens by our institution’s Department of Pathology and
Laboratory Medicine on this tissue using a combination of
immunohistochemistry and fluorescence in situ hybridization (39,
40) according to the American Society of Clinical Oncology/
College of American Pathologists guidelines (41) (see
Supplementary Methods and Materials [available online] for
additional details). Brain biopsies are generally not performed for
confirmatory histology at our institution when the clinical history
and radiographic findings suggest metastatic disease, and brain
metastases were therefore treated with either surgical resection,
WBRT, SRS, or a combination thereof. Patients were excluded if
they were aged <18 years or if metastases to the spine or lep-
tomeningeal carcinomatosis represented their only form of CNS
metastatic disease. Patients were treated with single-session SRS
according to Radiation Therapy Oncology Group 95-08 standards
(42). Overall survival (OS) is defined as the interval from the
initial diagnosis of the primary breast cancer to the time of death;
neurologic survival (NS) is the interval from initial radiographic
diagnosis of brain metastasis(es) to the time of death; and
survival after radiosurgery (RS) is the interval from SRS to time
of death. Patients alive at the time of data analysis had a censored
survival point entered. Standard statistical analyses were per-
formed using SPSS. See Supplemental Methods and Materials for
additional details.

Results

Study population

The study group comprised a total of 264 patients treated between
January 1, 1999 and December 31, 2008 for brain metastases from
breast cancer. The mean age at diagnosis was 47.1 years (s Z
0.6), the median was 46 years, and the range was 21e76 years.
The median interval from initial diagnosis of the primary malig-
nancy to radiographic diagnosis of CNS disease was 36 months
(range, �2 to 407 months; �2 indicates brain metastases diag-
nosed 2 months before primary malignancy). At initial diagnosis
of the primary malignancy, 38 patients (14.4%) were classified as
Stage I, 75 (28.4%) as Stage II, 38 (14.4 %) as Stage III, and 24
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