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Low-dose bevacizumab as an effective pre-treatment for peri-tumoral brain edema
prior to CyberKnife radiosurgery: A case report
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ABSTRACT
A 75-y-old Chinese female patient diagnosed with lung adenocarcinoma with brain metastasis suffered
severe nausea and vomiting, and these symptoms were contraindications for CyberKnife treatment.
Neither mannitol, nor dexamethasone, relieved the symptoms. However, after the patient received a
single dose of bevacizumab (200 mg, 2.9 mg/kg), the patient’s symptoms were significantly relieved. The
patient subsequently completed a successful CyberKnife treatment. In addition, the patient received an
oral treatment of gefitinib. At 15 months post treatment, the patient’s brain tumor was controlled. Thus,
administration of bevacizumab at a low dose (2.9 mg/kg) may significantly alleviate peri-tumoral brain
edema and its symptoms, thereby facilitating radiosurgery treatment.
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Introduction

Radiosurgery is widely used in the treatment of brain metastases
from non-small cell lung cancer (NSCLC). However, metastatic
brain tumors are often surrounded by peri-tumoral brain edema
(PTBE), which can lead to neurological symptoms.1 Several medi-
cations, including mannitol and steroids, are frequently used to
relieve brain edema.2,3 However, the effects of these drugs have
been limited in some patients, including patients with diabetes,
impaired renal function, or gastrohelcosis.4 It has been hypothe-
sized that vascular endothelial growth factor A (VEGF-A) plays
an important role in cerebral edema that is associated with brain
tumors. Correspondingly, recent case studies and clinical trials5-14

have demonstrated that bevacizumab, a monoclonal antibody rec-
ognizing VEGF-A, provides an effective treatment for brain
edema.

Here, we report the case of a 75-y-old female with a meta-
static brain tumor surrounded by peri-tumoral brain edema
who experienced severe nausea and vomiting. Following
administration of a single dose of bevacizumab (2.9 mg/kg,
200 mg), the neuropathological symptoms experienced by the
patient were well controlled. As a result, the patient was able to
undergo successful CyberKnife treatment.

Case report

A 75-y-old Chinese female patient underwent resection of the
lower lobe of her left lung in October 2014. Two tumors were
found with lengths of 2.0 cm and 1.5 cm, respectively. Low
grade adenocarcinoma was diagnosed without metastatic
lymph nodes (0/21). Immunohistochemistry showed that the
tumor cells were positive for TTF-1 and negative for p63; Ki67

was 10%. Sanger’s direct sequencing detected mutations in
exon 21 of the epidermal growth factor receptor gene (EGFR).
Pathologic staging indicated T3N0M0, IIb. The patient subse-
quently underwent four cycles of adjuvant chemotherapy with
pemetrexed and carboplatin.

In February 2016, the patient experienced nausea and vom-
iting, dizziness, fatigue, and headaches. Brain magnetic reso-
nance imaging (MRI) showed a 2.0 cm tumor near the fourth
ventricle (Fig. 1, A & B). The patient’s symptoms were not
relieved by mannitol (125 mL, 4 £ daily) or dexamethasone
(5 mg/d). A lower dose of dexamethasone was administered
due to the patient’s history of diabetes that extended over the
previous 10 y and the potential for high doses of dexametha-
sone to induce hyperglycemia.

On 19 February 2016, the patient was treated with a single
dose of 200 mg bevacizumab (2.9 mg/kg). By the next morning,
the nausea and vomiting had stopped. Four d later, MRI
showed a significant reduction in edema volume compared
with pre-treatment scans (Fig. 1, C & D). Six d later, the patient
underwent CyberKnife treatment. A brain tumor was found
proximal to the brain stem and a relatively low dose of radia-
tion was applied (18 Gy in three fractions, 71% isodose curve),
based on our clinical experience (Fig. 2). By 11 March 2016,
administration of mannitol and dexamethasone was discontin-
ued and an oral regimen of gefitinib was started. At 15 months
follow-up (August 2017), the patient’s brain tumor was well
controlled (Fig. 1, E & F).

Discussion

Peri-tumoral brain edema frequently accompanies metastatic
tumors.1 Not only do these symptoms reduce a patient’s quality
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Figure 1. MRI of a 75-y-old female with lung adenocarcinoma and brain metastasis at three time points. At time point 1 (16 February 2016), prior to treatment, a large
region of edema was observed in the tissue surrounding the brain metastasis according to gadolinium-enhanced T1-weighted MRI (A) and T2-weighted FLAIR MRI (B).
Following administration of a single dose of bevacizumab (2.9 mg/kg) on 19 February 2016, gadolinium-enhanced T1-weighted MRI (C) and T2-weighted MRI (D) were
performed at time point 2 (23 February 2016) and the volume of edema was found to be reduced. After the patient received a CyberKnife treatment and gefitinib treat-
ments for an additional 15 months, gadolinium-enhanced T1-weighted MRI (E) and T2-weighted MRI (F) performed at time point 3 (18 July 2017) showed the brain tumor
was well controlled.

Figure 2. Radiosurgery plan for the CyberKnife treatment that was administered (18 Gy in three fractions, 71% of isodose curve).
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of life, they are also contraindications for a radiotherapy
regimen.

Currently, administration of corticoids and mannitol are the
main treatments for peritumoral edema. VEGF is a secretory glyco-
protein which can specifically act on vascular endothelial cells of
tumors to promote angiogenesis, compromise the blood brain bar-
rier, increase the exudation of water and electrolytes, and contribute
to edema.15-17 Correspondingly, in previous studies, anti-VEGF
drugs were able to mediate significant therapeutic effects on peritu-
moral edema.18 These effects potentially derive from the ability of
anti-VEGF drugs to decrease prostacyclin and nitric oxide produc-
tion, activate procoagulant pathways, and/or reduce the proliferation
andmigration of endothelial cells of tumor vessels.15

In a previous study, bevacizumab therapy was adminis-
tered 3–10 d after completion of CyberKnife radiosurgery
for a minimum of two cycles (5 mg/kg at 2-week intervals).
This regimen was found to be a promising and safe treat-
ment for brain metastases with extensive cerebral edema.
Moreover, radiosurgery was safely combined with bevacizu-
mab in patients with non-squamous NSCLC with brain
metastases.19 Despite these encouraging results, however,
adverse reactions have been associated with bevacizumab
treatments, including severe bleeding and hypertension. The
dose of bevacizumab that is prescribed for the treatment of
brain necrosis-induced brain edema is generally 5 mg/kg
for 1–3 weeks, and this dose is lower than the anti-tumor
dose of bevacizumab (5 mg/kg/week) that is approved by
the US Food and Drug Administration.20,21 It remains
unclear whether lower doses of bevacizumab can alleviate
peritumoral brain edema, and this is an important consider-
ation for future studies. However, the present case report
demonstrates that a low dose of bevacizumab (2.9 mg/kg)
has the potential to relieve vomiting and nausea and facili-
tate CyberKnife treatment. As a result, excellent short-term
and long-term survival benefits could be obtained.
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IMRT Intensity-modulated radiation therapy
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