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Abstract
Purpose: We hypothesized that a window period between
bevacizumab and cytotoxic agents may enhance drug delivery into
tumor tissue through bevacizumab-induced vascular normalization in patients with brain metastases of breast cancer (BMBC).
Experimental Design: A single-arm phase II study was conducted in which BMBC patients refractory to whole-brain radiotherapy (WBRT) were enrolled. In a 21-day cycle, patients received
bevacizumab (15 mg/kg) on day 1, which, with a 1-day window
period, was followed by etoposide (70 mg/m2/day; days 2–4) and
cisplatin (70 mg/m2; day 2; BEEP regimen). The BEEP regimen
was administered for a maximum of 6 cycles. The primary
endpoint was the central nervous system (CNS)–objective
response rate according to volumetric response criteria.
Results: A total of 35 patients were enrolled between January
2011 and January 2013. The median age was 54.3 years (range,

33–75); 19 patients (54.3%) had an Eastern Cooperative Oncology Group performance status of 2 or 3. Twenty-seven patients
[77.1%; 95% conﬁdence interval (CI), 59.9–89.6] achieved a
CNS-objective response, including 13 patients (37.1%) with a
80% volumetric reduction of CNS lesions. With a median
follow-up of 16.1 months, the median CNS progression-free
survival and overall survival times were 7.3 months (95% CI,
6.5–8.1) and 10.5 months (95% CI, 7.8–13.2), respectively.
Common grade 3 or 4 toxicities included neutropenia (30.8%)
and infection (21.3%).
Conclusions: By administering bevacizumab 1 day before
etoposide and cisplatin, the BEEP regimen appeared highly effective in BMBC refractory to WBRT. Further study of vascular
normalization window concept is warranted. Clin Cancer Res; 21

Introduction

tic surgery, and surgical operation. The median overall survival
(OS) times are approximately 5, 9, and 5 months for hormonereceptor–positive, HER2/neu-positive, and triple-negative brain
metastases of breast cancer patients who receive WBRT, respectively (3). For brain metastases of breast cancer patients refractory
to WBRT, second-line treatment options remain limited.
Chemotherapy is not considered suitable for central nervous
system (CNS) tumors because of the blood–brain barrier (BBB),
which limits the entrance of systemically administered chemotherapeutic drugs into the brain tumor lesion. However, several
studies have suggested that the BBB can be partially disrupted
during the growth of a metastatic brain tumor, thus allowing a
certain amount of chemotherapeutic drugs to be delivered to the
brain tumor lesion (4). Chemotherapy combining etoposide and
cisplatin demonstrated an overall response rate of 38% to 55% in
patients with brain metastasis of breast cancer who had not
received WBRT (5, 6). Prospective clinical studies that have
focused on treating breast cancer with progressive brain metastases after WBRT are limited to HER2-positive subtype. A treatment combining capecitabine with lapatinib, a small-molecule
anti–HER2-targeted agent, resulted in a response rate of 18% to
38% and a time-to-progression (TTP), or progression-free survival
(PFS), of 2.8 to 5.1 months in HER2-positive patients with brain
metastases who had been predominantly (86%–100%) pretreated with WBRT (7–9).

With a better improved control of systemic disease, brain
metastasis has become a common complication in breast cancer.
However, management of brain metastases remains a signiﬁcant
challenge (1, 2). First-line local treatment modalities for brain
metastases include whole-brain radiotherapy (WBRT), stereotac-
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Translational Relevance

Studies have suggested that leaky peritumoral vessels leading to
increased interstitial pressure and decreased tumor perfusion may
be an explanation for poor chemotherapy efﬁcacy in metastatic
brain tumors (10). Bevacizumab, an antivascular endothelial
growth factor (anti-VEGF) antibody, has exhibited an ability to
normalize peritumoral vessels in preclinical metastatic brain
models (11), leading to an enhanced delivery of cytotoxic agents
to the tumor. The combination of bevacizumab with chemotherapeutic agents has proven effective for treating breast, lung, and
colon cancers; however, its role in the treatment of brain metastases remains unclear because of the exclusion of these patients
from clinical trials. For improving the delivery and efﬁcacy of
chemotherapy, the administration of chemotherapeutic agents
during an optimal period of bevacizumab-mediated tumor vessel
normalization window is crucial. Thus, a careful decision should
be made regarding the latency period between the administration
of bevacizumab and cytotoxic agents. In an in vivo xenograft study,
the administration of chemotherapy to tumor-bearing mice 1 to 3
days after the administration of bevacizumab resulted in a higher
intratumoral chemotherapy penetration and tumor-growth inhibition compared with the concomitant administration of the 2
drugs (12).
We conducted a phase II study on the basis of the hypothesis
that the administration of bevacizumab 1 day before chemotherapy can enhance the activity of etoposide and cisplatin by
increasing the drug delivery into tumor tissue through bevacizumab-induced vascular normalization. In our proof-of-concept
exploratory study, 8 patients underwent serial dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) of the
brain to determine the vascular normalization effects of bevacizumab in metastatic brain tumor lesions. Although tumor vascular normalization was observed 1 hour after bevacizumab was
infused (2.5 hours from the time it started), the vascular normalization process became markedly noticeable 24 hours after the
administration of bevacizumab (13). This report presents the
clinical outcomes of the complete phase II clinical trial.
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Patients
Patients were enrolled between January 2011 and January 2013
from 4 medical centers in Taiwan. Female patients with breast
cancer who had developed progressive brain metastases after
WBRT, as proven through an image study (CT or MRI), and had
at least one measurable lesion (10 mm at the longest diameter,
as measured using contrast-enhanced CT or T1-weighted, gadolinium-enhanced MRI), were enrolled in the study. Additional
major inclusion criteria were an age of 18 to 75 years; adequate
hematologic, renal, and hepatic functions; and an Eastern Cooperative Oncology Group performance status (ECOG PS) 3.
Concurrent antineoplastic agents and radiotherapy were not
permitted, but those patients who required nonescalating steroids
with a daily total dose of 10 mg of prednisone or equivalent were
considered to be eligible. HER2-positive patients, deﬁned as
having a immunohistochemistry score of 3þ or evidence of gene
ampliﬁcation according to FISH, were informed about the treatment option with a combination of lapatinib and capecitabine;
however, treatment with lapatinib before enrolling in the study
was not mandatory. The study was conducted in accordance with
the International Conference on Harmonization Good Clinical
Practice guidelines and the Declaration of Helsinki. The Institutional Review Board for each participating institution individually
approved the study protocol. This trial is registered at ClinicalTrials.gov, identiﬁer NCT01281696.
Study design
This was a single-arm, open-label, phase II study, with the aim
of demonstrating the efﬁcacy of bevacizumab, etoposide, and
cisplatin (BEEP regimen) in treating the metastatic brain tumors
of breast cancer patients. The primary endpoint was the CNSobjective response rate (ORR) according to the volumetric criteria
(7). Secondary endpoints included PFS, CNS-speciﬁc PFS, and OS.
Treatment plan
Patients received bevacizumab (15 mg/kg; day 1), etoposide
(70 mg/m2/day; days 2–4), and cisplatin (70 mg/m2; day 2).
Treatment was based on a 21-day cycle, for a maximum of 6 cycles.
However, it was discontinued if a patient exhibited disease
progression, showed intolerable toxicities, or died.
Adverse events were assessed according to Common Terminology Criteria for Adverse Events (CTCAE) 3.0. If the patients
experienced grade 3 or 4 hematologic toxicities, the doses of
etoposide and cisplatin were deescalated to 60 mg/m2. If it was
determined that grade 3 or 4 toxicities were related to bevacizumab, then bevacizumab was discontinued until the toxicity
resolved to grade 1 or 2. Prophylactic use of the G-CSF was not
suggested initially, but was amended in the protocol to mandatory use because of a higher-than-expected grade 3 or 4 neutropenia incidence during the protocol treatment.
Efﬁcacy assessment
Brain tumor assessment was conducted using contrast-enhanced
CT or T1-weighted gadolinium-enhanced MRI every 9 weeks. MRI
T2 ﬂuid-attenuated inversion recovery (FLAIR) images were not
selected as the tumor assessment method because of diffuse white
matter changes after WBRT (14, 15). Images were obtained at 5-mm
slice thickness without gaps in the axial dimension. For each
patient, the same imaging modality was used throughout the trial.
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Management of brain metastases of breast cancer that
progresses after whole-brain radiotherapy (WBRT) remains
a challenge. Bevacizumab, an antivascular endothelial growth
factor antibody, has been shown to have an ability to create a
normalization window of peritumoral vessels in preclinical
brain metastases models, thus enhancing the delivery of
cytotoxic agents to the tumor. A window period between the
administration of bevacizumab and cytotoxic agents may
optimize the treatment effect. This phase II study demonstrated that administration of a combination of etoposide and
cisplatin preceded by bevacizumab with a 1-day window
period (BEEP regimen) is highly effective in brain metastases
of breast cancer refractory to WBRT. The central nervous system
(CNS)–objective response rate was 77.1% according to volumetric criteria and 54.3% according to RECIST. The CNSspeciﬁc progression-free survival was 7.3 months, even though
54.3% of patients had an Eastern Cooperative Oncology
Group performance status of 2 or 3 before treatment. On the
basis of these data, further study of this concept is warranted.

Materials and Methods

Bevacizumab Preconditioned Regimen in Brain Metastases

Statistical analysis
The sample size was calculated using a Simon 2-stage design
(17). The efﬁcacy of BEEP was considered of little and high interest
for CNS-ORRs of 15% (H0) and 30% (H1), respectively. With an
alpha of 0.15 and a power of 80%, the BEEP treatment was
rejected as an efﬁcacious regimen if the CNS tumor response rate
was 1/11 at the ﬁrst stage or 6/31 at the second stage.
All statistical analyses were performed using SPSS Version 17.0
(SPSS) in the intent-to-treat population. The brain and extra-CNS
response rates were reported with 95% conﬁdence intervals (CI).
Time-to-event endpoints were summarized using the Kaplan–
Meier method. PFS is deﬁned as the interval from the date of the
ﬁrst protocol chemotherapy to the date of the ﬁrst radiologicaldocumented CNS, extra-CNS disease progression, or death from
any cause. CNS PFS is deﬁned as the interval from the date of ﬁrst
protocol chemotherapy to the date of the ﬁrst radiological-documented CNS disease progression or death from any cause.

Results
Patient characteristics and prior therapies
A total of 35 patients were enrolled between January 2011 and
January 2013. Of them, 33 patients (94.3%) exhibited extra-CNS
metastases at the baseline (Table 1). The most common metastatic
sites were bone (62.9%), lung (60.0%), and liver (40.0%). In
total, 6 patients were estrogen receptor (ER)–positive/HER2-negative, 23 patients were HER2-positive, and 6 patients were triplenegative. The diagnosis for these subtypes was determined on the
basis of primary tumor or axillary lymph node in 33 and 2
patients, respectively. Two patients had both brain and primary
tumors enabling a comparison of the subtype status. No subtype
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Table 1. Demography and clinical characteristics of patients (n ¼ 35)
Characteristics
n (%)
Age
Median (range)
54.3 (33.4–75.0)
<50 years
9 (25.7)
50–60 years
17 (48.6)
>60 years
9 (25.7)
ERa and HER2 status
ER-positive/HER2-negative
6 (17.1)
ER-positive/HER2-positive
9 (25.7)
ER-negative/HER2-positive
14 (40.0)
ER-negative/HER2-negative
6 (17.1)
ECOG PS
0–1
16 (45.7)
2
8 (22.9)
3
11 (31.4)
Number of extra-CNS metastatic sites
Median (range)
2 (0–3)
0
2 (5.7)
1
10 (28.6)
2
12 (34.3)
3
11 (31.4)
CNS-directed therapy
WBRT
35 (100.0)
Stereotactic radiosurgery
9 (25.7)
Surgery
7 (20.0)
Intrathecal treatment
1 (2.9)
Previous chemotherapy
Chemotherapy line in metastatic setting
Median (range)
3 (1–8)
1
5 (14.3)
2
8 (22.9)
3
7 (20.0)
More than 3
15 (42.9)
Previous Her2-targeted therapy
(n ¼ 23)
Trastuzumab
22 (95.7)
Lapatinib
11 (47.8)
Othersb
2 (8.7)
There is no patient with ERPRþ in this study.
Including afatinib and TDM-1.

a

b

discordance was observed between the brain and primary tumors
of both the patients: 1 patient was ER-positive/HER2-negative and
the other was ER-positive/HER2-positive. Table 1 presents a
summary of the average number of lines of chemotherapy before
the BEEP regimen, history of CNS-directed therapy, and anti–
HER2-targeted therapy. Cisplatin and etoposide were administered to 6 and 4 patients, respectively, for metastatic disease
systemic treatment before they were enrolled in this study.
A total of 169 cycles of the BEEP regimen were administered,
with a median of 6 cycles per patient at the time of the data cutoff
(February 28, 2014). A total of 20 patients (57.1%) completed 6
cycles of the BEEP treatment. Two patients decided to receive
hospice care after the ﬁrst cycle of treatment, but died 16 and 20
days after the study treatment began. Eight patients discontinued
the protocol treatment because of disease progression, of which 7
patients exhibiting extra-CNS disease progression with the CNS
lesions remained under control. Eighteen patients (51.4%)
received dose reductions for etoposide (60 mg/m2) and cisplatin
(60 mg/m2), and 3 patients discontinued protocol treatment
because of toxicity. All 35 patients were included in the safety
and efﬁcacy analysis as intent-to-treat analysis.
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All brain images were centrally reviewed by two radiologists in our
institution, who were blinded to the clinical status of the patients.
The total tumor volume was the sum of the target lesions
(a maximum of 3) selected within the brain parenchyma. The
measurement of tumor volume was performed using a commercial
software MIStar (Apollo Medical Imaging). The efﬁcacy was evaluated according to volumetric response criteria modiﬁed from
those of the study by Lin and colleagues (7). A CNS-objective
response was deﬁned as either a complete response or partial
response (50% reduction in the volumetric sum of all measurable
target CNS lesions), if no increase in the dosage of steroids was
noted, no deterioration of neurologic symptoms and signs
occurred, and no progressive extra-CNS disease developed. CNS
disease progression was deﬁned as one of the following: a 40%
increase in the volumetric sum of all measurable target CNS lesions,
a new brain parenchyma lesion measuring 6 mm at its longest
diameter (in original version of volumetric criteria, they did not
deﬁne the size criteria of new lesion), deterioration of neurologic
symptoms and signs, or increased steroid dosage because of the
CNS tumor. In the protocol amendment, RECIST 1.1 was also
added as a method for assessing CNS tumor response (16). The
evaluation of the extra-CNS tumor using contrast-enhanced CT
images was conducted every 3 months, and its response was
evaluated according to RECIST 1.1 (16).
Neurologic examinations were conducted within 1 day of each
BEEP cycle. The results were recorded in a neurologic examination
worksheet adapted from the study by Lin and colleagues (7),
which contained 7 categories of neurologic assessments that were
measured according to CTCAE 3.0.

Safety and toxicity
Table 2 presents a summary of the toxicity proﬁle. Hematologic
toxicity was a primary concern, but was generally manageable.
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Abbreviation: ALT, alanine transaminase, ANC, absolute neutrophil count, AST,
aspartate transaminase.
a
Adverse events of interest.

Nonhematologic toxicity was generally mild. Two patients died:
one of infection and one of a tracheoesophageal ﬁstula. The
patient with tracheoesophageal ﬁstula presented with extensive
mediastinal lymph node metastases between the esophagus and
trachea at the baseline, but the CNS tumors completely resolved
after 3 cycles of the BEEP treatment. Because of the high incidence
of grade 3 or 4 neutropenia, we amended the protocol to mandate
prophylactic ﬁlgrastim (300 mg/day) treatment starting 3 days
after the administration of the BEEP. After the amendment, the
incidence of grade 3 or 4 neutropenia decreased from 37% to 12%
per cycle.
Clinical efﬁcacy of the BEEP
Twenty-seven patients (77.1%; 95% CI, 59.9–89.6) achieved
an objective CNS response. Thirteen patients (37.1%) showed a
CNS volumetric reduction of 80% (Table 3); 2 patients (5.7%)
had a complete response. Overall, 33 patients (94.3%) exhibited
tumor volume reduction from the baseline (Table 3 and Fig. 1).
The trend of brain tumor volume change according to time is
depicted in Fig. 1B (partial response patients) and C (stable
disease patients). Tumor response could not be assessed for 2
Table 3. CNS response evaluation (n ¼ 35)
Evaluation
Best volumetric CNS response
80% reduction
50%–<80% reduction
20%–<50% reduction
0%–<20% reduction
Progression
Nonevaluablea
a

Patients received hospice care after 1st cycle of treatment.
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n (%)
13
14
6
0
0
2

(37.1)
(40.0)
(17.1)
(0.0)
(0.0)
(5.7)

patients because they withdrew from the study to receive hospice
care after the ﬁrst cycle of treatment. Both patients died within 21
days of the ﬁrst date of protocol treatment, and the possibility of
disease progression in their case cannot be excluded. No difference was seen in the CNS-ORR between patients examined using
CT (13 of 17 patients, 76.5%) and MRI (14 of 18 patients, 77.8%)
as the image evaluation modality. Even if we lowered the threshold of tumor progression to 25% increase in total CNS tumor
volume [closer to World Health Organization (WHO) twodimensional criteria; ref. 18], all ORR results remained
unchanged.
All patients were also evaluated for optimal CNS response
according to RECIST 1.1 (16). Two patients (5.7%) exhibited a
conﬁrmed complete response and 19 (54.3%) exhibited a conﬁrmed partial response; therefore, 21 (60.0%) exhibited an
objective CNS response. Twelve (34.3%) patients had a stable
disease as the best response and 5 (14.3%) of them had a stable
disease for at least 18 weeks. Two patients (5.7%) had a nonassessable CNS tumor status. CNS responders were observed
among all subtypes (Table 4); the 2 patients who had CNS
complete response were HER2-positive/ER-negative and triplenegative.
Impact on survival
With a median follow-up of 16.1 months, the median PFS and
OS were 6.1 months (95% CI, 5.0–7.2) and 10.5 months (95%
CI, 7.8–13.2), respectively. The median CNS-speciﬁc PFS was 7.3
months (95% CI, 6.5–8.1; Fig. 2). The analysis of clinical efﬁcacy
according to the ECOG PS, subtype, and previous lapatinib
treatment in the HER2-positive subgroup is summarized
in Table 4. In comparison with patients with an ECOG PS of 0
to 2, patients with an ECOG PS of 3 exhibited a lower response
rate, PFS, and OS. For HER2-positive patients, prior exposure to
lapatinib treatment did not affect the clinical efﬁcacy. All triplenegative patients responded to the BEEP treatment, but the CNSspeciﬁc PFS, PFS, and OS were the shortest among the 4 subtypes.
No signiﬁcant differences in efﬁcacy were observed according to
the maximum diameter of metastatic brain tumor (>3 cm vs. 3
cm). The results of CNS-speciﬁc PFS and PFS did not change if we
lowered the threshold of tumor progression to 25% increase in
total CNS tumor volume from baseline.
Post-BEEP regimen course
Of the 20 patients who completed 6 cycles of the BEEP regimen,
all but one received additional treatments, including hormonal
agents, chemotherapy, or CNS-localized radiotherapy. Six
patients received bevacizumab-based regimen with either BEEP
regimen or a combination of bevacizumab and a platinum as
maintenance treatment, and 15 were retreated with bevacizumabbased regimen. At the ﬁnal follow-up, 4 patients showed no
evidence of disease progression, both in the CNS or extra-CNS
regions.
Of the 35 evaluable patients, 11 (31%), 10 (29%), and 3 (9%)
had ﬁrst progression event in CNS, extra-CNS, or both sites,
respectively. In 4 (11%) patients, no disease progression was
noticed at the last follow-up, and in 7 (20%), no ﬁrst site of
progression was observed (not mandatory as per protocol). A post
hoc analysis of survival between patients who received maintenance versus no bevacizumab-based regimen after 6 cycles of
protocol treatment was performed. The result showed that
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Table 2. Incidence of common adverse events and adverse events of interest
Cycles (N ¼ 169)
Grade 1/grade
Grade 3/grade
Adverse events
2 n (%)
4 n (%)
Hematologic toxicity
Neutropenia
48 (28.4)
52 (30.8)
Leukopenia
68 (40.2)
27 (16.0)
Anemia
68 (40.2)
12 (7.1)
Thrombocytopenia
51 (30.2)
13 (7.7)
Nonhematologic toxicity
63 (37.3)
1 (0.6)
Hypertensiona
Nausea
46 (27.2)
0 (0.0)
ALT/AST Increased
33 (19.5)
2 (1.2)
Infection with normal
5 (3.0)
26 (15.4)
ANC or grade 1/2 neutropenia
Hyponatremia
21 (12.4)
7 (4.1)
Vomiting
26 (15.4)
1 (0.6)
Proteinuriaa
25 (14.8)
0 (0.0)
Hypokalemia
17 (10.1)
7 (4.1)
Fatigue
21 (12.4)
0 (0.0)
Epigastralgia
18 (10.7)
0 (0.0)
0 (0.0)
10 (5.9)
Infection with grade 3/4 neutropeniaa
Creatinine increaseda
8 (4.7)
0 (0.0)
Febrile neutropeniaa
0 (0.0)
3 (1.8)
a
Hemorrhage
3 (1.8)
0 (0.0)
0 (0.0)
1 (0.6)
Cerebellum infarctiona
0 (0.0)
1 (0.6)
Tracheoesophageal ﬁstulaa
Dose reduction due to toxicity
18 (51.4)
Treatment discontinued due to toxicity
3 (8.6)

Bevacizumab Preconditioned Regimen in Brain Metastases

patients who received maintenance bevacizumab-based regimen
experienced signiﬁcantly longer PFS (P ¼ 0.009) and CNS-speciﬁc
PFS (P ¼ 0.026). The median OS was not signiﬁcantly different
(P ¼ 0.632; Supplementary Fig. S1).

Discussion
The results suggested that the administration of bevacizumab a
day before etoposide and cisplatin (BEEP) regimen is highly
efﬁcacious against brain metastases of breast cancer. According
to a thorough review of relevant studies, no other systemic
treatment modalities have demonstrated an objective CNS
response as high as the BEEP regimen in progressive brain metastases of breast cancer patients following WBRT.
We aimed for a 30% CNS-ORR of the BEEP regimen based
on previous studies of brain metastasis of breast cancer patients
(7–9), as well as the traditional view that the efﬁcacy of salvage
chemotherapy is expected to be lower in later lines of chemotherapy, which is widely observed in patients who have undergone WBRT. The results demonstrated that the BEEP regimen had
a CNS-ORR of 77%, which was considerably higher than
expected. Previous studies using the combination of etoposide
and cisplatin have indicated an overall response rate of 38% to
55% according to WHO criteria for brain metastasis of breast
cancer patients; however, only 27% to 45% of enrolled patients
received prior systemic chemotherapy for metastatic disease and
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0% to 9% of patients underwent WBRT before participating in
these studies (5, 6). The high response rate in our study indicates
that a preconditioning treatment of bevacizumab enhanced the
antitumor effect of etoposide and cisplatin, even in metastatic
brain tumors. In a study that recruited breast cancer patients with
non-CNS metastatic diseases who had undergone prior chemotherapy in a metastatic setting, the administration of bevacizumab
on the same day as other chemotherapy drugs, such as taxanes,
anthracyclines, capecitabine, gemcitabine, and vinorelbine, indicated only a moderately increased response rate (from the average
of 29.6% to 39.5%; ref. 19). The evidence from this and another
study (20) suggested that providing a window between bevacizumab and systemic chemotherapy might be a practical method
to improve the efﬁcacy of systemic chemotherapy. This is in
accordance with the preliminary results of DCE-MRI demonstrating that vascular permeability and diffusion markedly improved
in 24 hours after the administration of bevacizumab (13). This
evidence supports our hypothesis that a preconditioned tumor
vasculature leads to improved drug penetration and efﬁcacy.
Another possible explanation for the high efﬁcacy of the BEEP
regimen is a probable synergistic relationship between bevacizumab and platinum drugs for brain metastases of breast cancer
patients. In a recent report by Lin and colleagues (21), a therapy
combining bevacizumab and carboplatin showed a 64% response
rate using volumetric criteria and a 5.7-month PFS in brain
metastases of breast cancer patients. However, a preconditioning
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Figure 1.
A, waterfall plot of maximum CNS
volume change in 33 evaluable patients.
Two patients did not have available
image study data because of early death.
The trend of tumor volume change
according to time of (B) patients with
partial or complete response and (C)
patients with stable disease as the best
response. Dashed line, end of protocol
treatment (i.e., 6 cycles of the BEEP
regimen).
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Table 4. Clinical efﬁcacy by ECOG PS, previous lapatinib-based treatment, and subtype (n ¼ 35)
CNS-ORR
CNS-speciﬁc PFS
PFS
N
N
%
HR (95% CI)
P
HR (95% CI)
ECOG PS
0–1
16
13
81.3
1
1
2
8
7
87.5
1.3 (0.5–3.4)
0.545
2.0 (0.8–5.1)
3
11
7
63.6
2.2 (0.9–5.1)
0.068
4.0 (1.7–9.6)
Previous lapatinib-based treatmenta
No
12
9
75.0
1
1
Yes
11
7
63.6
0.5 (0.2–1.3)
0.151
0.6 (0.3–1.5)
Subtype
ERþ/HER2þ
9
4
44.4
1
1
14
12
85.7
1.7 (0.7–4.6)
0.274
1.3 (0.5–3.3)
ER/HER2þ
6
5
83.3
1.4 (0.4–4.2)
0.593
3.7 (1.2–12.1)
ERþ/HER2
Triple-negative
6
6
100.0
2.9 (0.9–9.3)
0.070
3.9 (1.2–12.7)
Maximum brain tumor diameter
3 cm
24
17
70.8
1
1
>3 cm
11
10
90.9
0.6 (0.3–1.4)
0.254
0.6 (0.3–1.4)

P

OS
HR (95% CI)

0.141
0.001

1
5.7 (1.8–18.7)
6.9 (2.5–19.2)

0.004
<0.001

0.291

1
0.8 (0.3–2.2)

0.652

0.596
0.029
0.025

1
1.5 (0.5–4.4)
1.7 (0.5–5.8)
4.8 (1.4–17.3)

0.460
0.428
0.015

0.244

1
1.1 (0.5–2.5)

0.795

P

effect of bevacizumab could still partly explain the high response
rate in this study. Although the bevacizumab and carboplatin
were administered on the same day for most of the treatment
cycles, there was a 1-week window between the administration of
bevacizumab and carboplatin in the ﬁrst cycle of every patient.
The retention half-life of carboplatin is approximately 30 hours,
whereas that of cisplatin is 1.5 to 3.6 hours. The long half-life of
carboplatin may cause most of the drug to remain in the circulation even 24 hours after bevacizumab is injected. The characteristics of the study population in the study by Lin and colleagues
(21) differed from those of our study population. First, Lin and

colleagues recruited only patients with an ECOG PS of 2 and
87% were ECOG PS of 0 to 1, whereas 31% of the patients in our
study had an ECOG PS of 3 and 23% were ECOG 2. Second,
22.6% of the patients in the study by Lin and colleagues did not
receive WBRT. Finally, all HER2-positive patients received trastuzumab in addition to bevacizumab and carboplatin in the study
by Lin and colleagues, whereas none of the HER2-positive
patients in our study received trastuzumab during the 6 cycles
of the BEEP regimen. The high response rates and long PFS of
bevacizumab combined with a platinum-based regimen in brain
metastasis of breast cancer patients warrant further exploration.

Figure 2.
A, PFS. Median PFS was 6.1 months (95% CI, 5.0–7.2 months); 4 patients (11.4%) were censored. B, CNS-speciﬁc PFS. Median CNS-speciﬁc PFS was 7.3 months (95% CI,
6.5–8.1 months); 5 patients (14.3%) were censored. C, OS. Median OS was 10.5 months (95% CI, 7.8–13.2 months); 9 patients (25.7%) were censored.
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NOTE: Bold numbers signify that the P value is less than 0.05.
a
In HER2 overexpress/ampliﬁcation patients, N ¼ 23.

Bevacizumab Preconditioned Regimen in Brain Metastases
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protocol treatment because of hematologic toxicity. However, the
incidence of grades 3 and 4 neutropenia decreased after a protocol
amendment that mandated G-CSF prophylaxis.
The short response duration in this study is another concern. In
contrast with the high response rate, the PFS was insubstantial.
Only 6 cycles (4.5 months) of the BEEP regimen treatment were
planned because of a limited budget. Many patients experienced
disease progression approximately 3 months after stopping the
BEEP treatment. Whether longer BEEP treatment cycles or maintenance bevacizumab can prolong tumor control warrants further
exploration.
Our study had several limitations. Firstly, because of the lack of
a control arm in our study, selection bias may have confounded
the interpretation of the efﬁcacy comparison between the combination of BEEP with other therapeutic regimens. However, with
54.3% of the patients having an ECOG PS of 2 or 3, it was unlikely
that the high response rate observed in this study was due to the
selection of patients with low tumor burden. Secondly, it would
be difﬁcult to determine whether single-agent bevacizumab is also
active in brain metastasis in breast cancer as shown in glioblastoma in a single-arm combination regimen study. However, based
on the result of a previous study that demonstrated no major
activity from single-agent bevacizumab in metastatic breast cancer
(30), single-agent bevacizumab is less likely to have been the
cause of the high CNS response rate in our study. Finally, except
for DCE-MRI imaging, other direct proof-of-concept evidence was
not available. If the metastatic brain lesions were available before
and after the BEEP treatment, biomarkers such as VEGF or the drug
concentration of etoposide and cisplatin could be measured to
further understand or proof the theory of vascular normalization.
In conclusion, the administration of bevacizumab 1 day before
etoposide and cisplatin (BEEP regimen) was highly effective in
brain metastases of breast cancer patients refractory to previous
WBRT. Additional studies to conﬁrm and deﬁne the optimal
combination and sequence of bevacizumab and chemotherapeutic agents are warranted.
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Seven patients in our study discontinued protocol treatment
because of extra-CNS systemic disease progression, whereas the
CNS lesions remained under control, indicating possible speciﬁc
efﬁcacy of this regimen for metastatic brain lesions from breast
cancer.
The optimal assessment method for metastatic brain lesions of
solid tumors after the administration of bevacizumab remains
debatable (22). We used contrast-enhanced volumetric response
of the metastatic brain tumors as a demonstration of the BEEP
regimen efﬁcacy for 2 reasons. First, although the Response
Assessment in Neuro-Oncology criteria suggested including T2/
FLAIR images to further delineate the response of primary brain
tumor after the administration of bevacizumab or other antiangiogenic agents (23), the observation of post-WBRT diffuse white
matter changes in T2/FLAIRE images did not facilitate but rather
hindered the accurate measurement of metastatic brain lesions,
which is a phenomenon also observed in other studies (14, 15).
Thus, we were constrained to use contrast-enhanced images for
efﬁcacy assessment instead of T2/FLAIRE images. Second, in
recent medical literature, volumetric response criteria and RECIST
have been used as primary endpoints to evaluate agents in brain
metastasis breast cancer patients (7, 24–26). Because this was a
single-arm study, it was critical to use similar assessment criteria to
be able to compare with previous study results. In addition,
volumetric response criteria were considered more likely to
observe subtle changes in metastatic brain tumor size compared
with RECIST in metastatic brain lesions (7, 25). After thorough
discussion, we decided to use volumetric response criteria as a
primary endpoint and RECIST as an exploratory endpoint with
contrast-enhanced images as our efﬁcacy endpoints of the BEEP
regimen. Nevertheless, the best cutoff value of tumor volumetric
change as to determine the CNS tumor status should prompt
more detailed investigations and discussions.
Brain metastasis occurs more commonly in patients with
HER2-positive and triple-negative breast cancers than in patients
with ER-positive breast cancers (27, 28). Treatment with a combination of lapatinib and capecitabine is the only proven active
regimen for treating brain metastases of HER2-positive breast
cancer. In our study, 23 patients were HER2-positive, and 11
(48%) of them had received lapatinib treatment before enrolling
in this trial. The clinical efﬁcacy of the BEEP regimen for the HER2positive subgroup in our study was higher than that observed in
clinical trials in which lapatinib and capecitabine were administered to patients who were previously treated with WBRT (7–9). In
a recent study that was restricted to HER2-positive patients who
had not been previously treated with WBRT (24), the clinical
efﬁcacy, according to the objective CNS response rate (65.9%
according to RECIST) and the median TTP (5.5 months), was
similar to that observed in our study. Most patients (30 of 38)
recruited in the previous bevacizumab and carboplatin study were
also HER2-positive. The speciﬁc activity of anti-vascular endothelial growth factor receotr-2 (VEGFR2)–targeted therapy in
HER2-positive breast tumors in a mouse model with brain metastases was recently reported (29). A clinical trial directly comparing
the regimen of bevacizumab and platinum with lapatinib and
capecitabine in HER2-positive brain metastasis breast cancer
patients is warranted.
The tolerability of the BEEP regimen in a heavily pretreated
patient is a primary concern. In this study, nonhematologic
toxicities were generally mild, but many patients developed severe
hematologic toxicities. Two patients withdrew and 3 discontinued
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