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Background: Brain metastases from breast cancer occur in 20%—40% of patients, and the
frequency has increased over time. New radiosensitizers and cytotoxic or cytostatic agents, and
innovative techniques of drug delivery are still under investigation.

Methods: Five patients with brain metastases who did not respond to whole-brain radiotherapy
and then received bevacizumab combined with paclitaxel were identified using our database of
records between 2011 and 2012. The clinicopathological data and outcomes for these patients
were then reviewed.

Results: The median time to disease progression was 86 days. Of five patients, two (40%)
achieved a partial response, two had stable disease, and one had progressive disease. In
addition, one patient with brain metastases had ptosis and diplopia due to metastases of the right
extraocular muscles. However, not only the brain metastases, but also the ptosis and diplopia
began to disappear after 1 month of treatment. The most common treatment-related adverse
events (all grades) were hypertension (60%), neuropathy (40%), and proteinuria (20%). No
grade 3 toxicity was seen. No intracranial hemorrhage was observed.

Conclusion: We present five patients with breast cancer and brain metastases, with benefits
from systemic chemotherapy when combined with bevacizumab.
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Introduction

Breast carcinoma is the most frequent neoplasia in the US, Europe, and even Japan.'
Approximately 40%-45% of all patients with breast cancer will develop metastasis,
and the mean survival time from the diagnosis of recurrence for these patients is
18-30 months.? Therefore, treatment of patients with metastatic breast cancer aims to
prolong survival while relieving symptoms and maintaining a good quality of life.'*
Brain metastases from breast cancer occur in 20%—40% of patients, and the frequency
has increased over time. As a treatment, the combination of surgery and whole-brain
radiotherapy is well known and useful, but is still limited. New radiosensitizers and
cytotoxic or cytostatic agents and innovative techniques of drug delivery are being
investigated.’

Bevacizumab has selective activity against the vascular endothelial growth factor
(VEGF)-A ligand and has proven to be efficacious when combined with paclitaxel.® It has
been well documented that tumor blood vessels show increased vascular permeability
and interstitial fluid pressure, decreased pericyte coverage, and increased occurrence
of tumor hypoxia, further upregulating VEGF production. Therefore, inhibition of
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VEGEF by bevacizumab will not only affect endothelial cells
but also the tumor vasculature, suppressing new blood vessel
growth and the existing vasculature.

Cautious use of bevacizumab has been recommended in
patients at risk of bleeding and uncontrolled hypertension, as
well as in patients with a history of arterial thrombotic events.
Patients with central nervous system metastases have until
recently been routinely excluded from bevacizumab trials,
following a single case in 1997 of a 29-year-old patient with
hepatocellular carcinoma who experienced a fatal cerebral
hemorrhage from a previously undiagnosed brain metastasis
in a Phase I study of bevacizumab.” However, bevacizumab
recently gained accelerated approval from the US Food
and Drug Administration for progressive primary brain
tumors, with a low rate (approximately 3%) of intratumoral
hemorrhage.®® More recent studies showed that bevacizumab
is safe in patients with brain metastases.'®!* We present here
the efficacy and side effects of bevacizumab for patients with
breast cancer and brain metastases.

Materials and methods

From the Japan Breast Cancer Research Network database,
we retrospectively identified five patients treated with
bevacizumab-containing chemotherapy regimens for active
central nervous system metastases. All patients had recurrent
tumors after receiving radiation therapy. All patients received
bevacizumab at a dose of 10 mg/kg by intravenous infusion

Results

Patient characteristics

The characteristics of the study population are presented in
Table 1. The median age was 60 (range 39-71) years. Eastern
Cooperative Oncology Group performance status was <<3. All
patients were pretreated with whole-brain radiotherapy. The
median number of metastatic sites was three (range 1-5).

Efficacy

The patients were evaluable for response and toxicity. Of the
five patients, two (40%) achieved a partial response, two had
stable disease, and one had progressive disease. Representative
data are shown in Figures 1-4. In addition, one patient with
brain metastases had ptosis and diplopia due to metastases of
the right extraocular muscles (Figures 4 and 5). However, not
only the brain metastases but also the ptosis and diplopia began
to disappear after 1 month of treatment (Figure 5). Median
time to disease progression was 86 (range 30—135) days. Two
patients (40%) were still alive at the last follow-up.

Safety
The most common treatment-related adverse events
were grade 1/2 in intensity. Common toxicities were

Table | Patient characteristics

Patients (n = 5)

. . . . Age, years, median (range 60 (39-71
every 2 weeks with concomitant paclitaxel. Paclitaxel gy (range) ( )
Performance status
80 mg/m? was administered intravenously on days 1, 8, and 0 0
15 every 4 weeks. Dose reductions of paclitaxel from 80 to I 2
60 mg/m?* were performed as described previously.'* Tumor 2 2
. X Hormone status
response was determined by comparing measurements from N 3
consecutive magnetic resonance imaging (MRI) scans, as -
described elsewhere.® In brief, progressive disease was  HER2 status
deemed to be present if a new lesion had occurred, if the + l
MRI showed a >25% increase in fluid attenuated inversion N
] Menopausal status
recovery (FLAIR) or contrast-enhanced volume, or if the Pre
MRI scan showed an increase in tumor volume; partial Post 3
response was defined as a >25% decrease in the enhanced TY_'I’_e of prior Ehem“herapy |
. rastuzuma
lesion and FLAIR; and a complete response was defined as Taxane 4
no detectable contrast enhancement and stable or improved Anthracycline/taxane I
FLAIR signal. Physical examination findings, tumor  Whole-brain radiotherapy
characteristics, number of treatment cycles, chemotherapy- * Z
related tox101t1e.s,. and symptom S.everlty we.re recorded Median number of brain metastatic sites (range) 3 (1-5)
every week. Toxicity was graded using the National Cancer  Metastatic sites involved
Institute Common Terminology Criteria for Adverse Events Bone/soft tissue 2
version 3.0 Visceral 2
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Figure 3 Pre (A) and post (B) treatment brain magnetic resonance imaging of metastatic tumor showing a partial response (arrows).
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Figure 4 Pre (A) and post (B) treatment brain magnetic resonance imaging of metastases of right extraocular muscles showing a partial response (arrows).

grade 1 hypertension (60%), grade 1 neuropathy (40%),
and proteinuria (20%). No grade 3 toxicity was seen. No
intracranial hemorrhage was observed.

Discussion

The results of this multicenter retrospective study suggest that
bevacizumab combined with a taxane is highly active and well
tolerated by women with breast cancer and brain metastases
who have failed whole-brain radiotherapy. Bevacizumab
combined with a taxane yielded a 40% response rate. The
median time to disease progression was 86 days. The results
presented here are similar to those reported elsewhere.'?
The exact mechanism of bevacizumab in brain parenchymal
disease is unknown; whether it is a result of direct effects on
the tumor vasculature and/or the blood—brain barrier itself is
unclear. Most drugs fail to enter the central nervous system
because of the blood—brain barrier. This restriction particularly
affects drugs that are not substrates for active transport into
the central nervous system, hydrophilic molecules larger than
500 Da, and high molecular weight therapeutic modalities,
such as monoclonal antibodies, antisense oligonucleotides,

viral vectors, stem cells, and nanoparticles.'> However, some
studies have shown that VEGF may provide new opportunities
for manipulating the permeability of the blood—brain barrier
in vivo.'*!7 Further, previous studies in glioma models
have demonstrated a fine balance between VEGF and
angiopoietin-2, a proapoptotic factor in angiogenesis.'® It
has been noted that the blood—brain barrier is abnormal with
tumors > 0.5 mm, and might affect the integrity of astrocytes
and the endothelial cells of the blood—brain barrier." Larger
tumors result in an increased risk of ischemia, further
disrupting the blood—brain barrier.* Additional studies are in
progress to evaluate the role of bevacizumab in combination
with chemotherapy in previously treated brain metastases
originating from non-small-cell lung cancer and also in
reducing central nervous system side effects after radiotherapy
in patients with primary brain, melanoma, and head and neck
cancer.?!?? In the present study, bevacizumab and paclitaxel
suppressed brain metastasis. Therefore, theoretically, there is
a possibility that bevacizumab might cross the blood—brain
barrier and penetrate brain tumors in sufficient concentrations

to synergize with anticancer drugs.

Figure 5 Facial features pre (A) and post (B) treatment.
Note: Ptosis and diplopia begin to disappear after | month of the treatment.
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In the current study, the majority of adverse events were
mild to moderate in intensity, and confirm the results of
previous studies in similar patient populations.!'"!* Acute
toxicities were quite mild and manageable. Hypertension
and proteinuria were common, and neuropathy was managed
with modification of the paclitaxel dose. Further, intracranial
hemorrhage was not observed. The limitations of the present
study include its retrospective nature and the small number of
patients included. Nonetheless, the finding that bevacizumab
has significant activity against breast cancer with brain
metastasis is important.
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