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Efficacy of repeated low-dose bevacizumab treatment with long-dosing interval for
radiation-induced brain necrosis: A case report
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ABSTRACT
A 40-year-old Chinese female patient, with radiation-induced brain necrosis after radiosurgery, was treated
6 times with a single dose of 200 mg (3.27 mg/kg) bevacizumab each time, and with an interval of 12–
16 weeks between each treatment. Neurological symptoms such as dizziness, fatigue, and headache
disappeared after each administration of bevacizumab. The results suggest that repeated bevacizumab
treatment using a low-dose and long-dosing interval may significantly alleviate radiation necrosis and its
symptoms.
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Introduction

Upregulated expression of vascular endothelial growth factor
(VEGF) is considered a key factor in radiation-induced brain
necrosis.1 Results in clinical trials2-6 have shown that bevacizu-
mab provides an effective treatment for radiation necrosis by
blocking vascular endothelial growth factor-A from binding to
its receptors.7,8 Nevertheless, the pharmacodynamics of bevaci-
zumab are not fully understood and a dose–effect relationship
has not yet been proven in vivo. Indeed, further improvement
in therapeutic efficacy while minimizing side effects is needed,
possibly by adjusting the dosage or dosing interval.

Here we report a case of radiation brain necrosis in a 40-
year-old female who received radiosurgery for a metastatic
brain tumor arising from breast cancer. The patient was treated
with bevacizumab 6 times at a dosage of 200 mg (3.27 mg/kg),
and with an interval of 12–16 weeks between each treatment.
Neuropathological symptoms such as dizziness, fatigue, and
headache remain controlled at 17 months following surgery
(when this report was written).

Case report

A 40-year-old Chinese female patient was diagnosed with
breast carcinoma in October 2003. She received 3 cycles of neo-
adjuvant chemotherapy (paclitaxel, cyclophosphamide, and
capecitabine) along with left axillary lymph node dissection of
a 1-cm tumor during breast-conserving surgery in October
2003. Two weeks later, she received 3 cycles of adjuvant chemo-
therapy (paclitaxel) and left-sided whole breast radiation ther-
apy (50 Gy in 25 fractions). She was treated with tamoxifen for
7 months until she self-withdrew tamoxifen in August 2004. In
November 2008, the patient presented with lung metastasis.

She received 6 cycles of salvage treatment (paclitaxel and cis-
platin) from January 2009 to June 2009 and was withdrawn
from this treatment 3 months later due to grade III leucopenia
(CTC-scale). Next she was treated with vinorelbine and trastu-
zumab from August 2009. Vinorelbine was withdrawn
9 months later because of severe fatigue. Computed tomogra-
phy showed the volume of lung metastasis had reduced to less
than 1 cm, which represented a partial response. The patient
continued with trastuzumab for 20 months, until she showed
multiple brain metastases on magnetic resonance imaging
(MRI) (Fig. 1A).

She was treated with whole brain radiation therapy (40 Gy
in 20 fractions) in April 2012 and capecitabine for 13 months.
Her brain metastases were observed to regress after whole brain
radiation therapy (Fig. 1B and C). In March 2013, the meta-
static tumor in her cerebellum enlarged (Fig. 1D and E), and
she received gamma knife treatment (25 Gy in 5 fractions, 53%
isodose curve, Fig. 2). Three months later, she was treated with
4 cycles of docetaxel from June 2013 to October 2013. Her met-
astatic lung tumors were then observed to be stable.

Starting in November 2013, the patient was treated orally
with anastrozole and goserelin after she showed resistance to
docetaxel. In February 2015, she developed symptoms such as
dizziness, fatigue, and headache. Her brain MRI showed the
metastatic tumor was further enlarged in her cerebellum with
widespread scattered irregular enhancement and a large area of
edema in the surrounding tissue (Fig. 1F, G, and H), suggesting
radiation necrosis.

On February 27, 2015, she received single-dose bevacizumab
treatment (200 mg, 3.27 mg/kg). Two weeks later, an MRI
showed that—compared with pre-treatment (Fig. 3A and H)—
the brain necrosis as well as the volume of edema were
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significantly reduced (Fig. 3B and I). Her symptoms—such as
dizziness, fatigue, and headache—had disappeared in the
meantime.

Approximately 4 months later (in June 2015), she gradually
exhibited fatigue and headaches again. A brain MRI (Fig. 3C
and G) showed a significantly increased volume of necrosis.
Therefore, she received 200 mg bevacizumab for the second
time, and a subsequent MRI (Fig. 3E and I) showed that the
brain necrosis was significantly improved, and her symptoms
disappeared again.

Approximately another 4 months later, the patient pre-
sented with similar symptoms as before and was treated
with 200 mg bevacizumab for the third time in Oct 2015.
The same condition later reoccurred, and she was treated
with 200 mg bevacizumab in January 19, 2016, April 22,
2016, and July 22, 2016. Her symptoms significantly
improved after each administration of bevacizumab. Eight
weeks later, her brain MRI again showed significant allevia-
tion of the brain necrosis (Fig. 3F and L).

Discussion

Radiation brain necrosis is a common complication after ste-
reotactic radiotherapy of intracranial tumors,7 and is associated
with vascular changes.9 Radiation can induce injuries to astro-
cytes which can further increase VEGF levels, resulting in
increased brain–blood barrier permeability and aggravation of
brain edema. As an important anti-angiogenesis drug that can
block VEGF release, bevacizumab is a potential candidate for
the treatment of radiation-induced brain necrosis.

However, some limitations and unsolved questions are
associated with the application of bevacizumab for radia-
tion-induced brain necrosis. First, bevacizumab treatment is
known to potentially cause serious side effects—including
bleeding, proteinuria, hypertension, gastrointestinal perfora-
tion, and thromboembolic events—some of which can be
serious or fatal.10,11 Second, two dosing regimens of bevaci-
zumab have been approved by the US. Food and Drug
Administration (2.5 mg/kg/week dose equivalent) and Euro-
pean Medicines Agency (5 mg/kg/week dose equivalent) for
oncological treatment protocols, and the latter (at 5 mg/kg/
week) was more commonly used in previous clinical tri-
als.12-15 Many studies have shown that administration of
bevacizumab at a dosage (5 mg/kg every 2–4 weeks) lower
than that used for oncological protocols is effective for radi-
ation brain necrosis.2,4,16,17 However, the most appropriate
dosage remains to be found. Third, a recent study cau-
tiously showed that repeated bevacizumab treatment may
induce drug-resistance following the progression of radia-
tion brain necrosis.18 Therefore, it will be important to
explore the ideal dosage and administration interval of bev-
acizumab to prevent drug-resistance and severe side effects.

In a previous study carried out in our hospital, bevacizu-
mab (5 mg/kg; mean dosing interval: 4 weeks; dosing inter-
val range: 2–9 weeks) was observed to significantly reduce
severe brain edema in 10 patients.17 This effect lasted for

Figure 1. The woman was diagnosed with brain metastasis of breast cancer by
gadolinium-enhanced T1-weighted MRI (A). After whole brain radiation therapy
(40 Gy in 20 fractions), the volume of tumor was reduced significantly (B), and dis-
appeared 8 months after radiotherapy (C). The tumor located in the cerebellum
enlarged in the 10th and 11th months after radiotherapy (D and E, respectively).
Gadolinium-enhanced T1-weighted MRI showing the reduced size of the tumor at
2 months (F), widespread scattered irregular enhancement at 4 months (G), and
increased tumor size at 13 months (H) after gamma knife treatment.

Figure 2. The SRS plan of brain tumors; gamma knife treatment (25 Gy in 5 frac-
tions, 53% isodose curve).

Figure 3. The woman was diagnosed with radiation brain necrosis for 1 year. Gad-
olinium-enhanced T1-weighted MRI in February 2015 showed widespread scat-
tered irregular enhancement (A) and T2-weighted FLAIR MRI showed a large
edema in the surrounding tissue (G). After bevacizumab treatment (3.27 mg/kg) in
February 2015, the volume of necrosis (B) and edema (H) was reduced. Fifteen
weeks after bevacizumab administration, gadolinium-enhanced T1-weighted MRI
showed that the volume of necrosis (C) was enlarged and T2-weighted FLAIR MRI
showed the edema (I) in the surrounding tissue was enlarged in June 2015, hence
bevacizumab treatment (3.27 mg/kg) was given for the second time. At the July
2015 follow-up, the volume of necrosis in gadolinium-enhanced T1-weighted MRI
(B) and edema in T2-weighted MRI (J) was reduced significantly again. In the Octo-
ber 2015 follow-up, the volume of necrosis in gadolinium-enhanced T1-weighted
MRI (E) and edema in T2-weighted FLAIR MRI (K) was enlarged and the neurologi-
cal symptoms were aggravated again; thus the patient was treated with bevacizu-
mab (3.27 mg/kg) for the third time. Eight weeks after the third treatment of
bevacizumab, the volume of necrosis in gadolinium-enhanced T1-weighted MRI
(F) and edema in T2-weighted MRI (L) was reduced again.
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an extended period after administration (from several weeks
to several months in different patients) before the neurolog-
ical symptoms reappeared. The neurological symptoms
associated with radiation-induced brain necrosis could be
controlled when the bevacizumab administration was
repeated for a second time.

In the present case, radiation-induced brain necrosis was diag-
nosed based on several reasons as follows. First, the patient
accepted whole-brain radiotherapy (40 Gy/20f) in April 2012, fol-
lowed by 25 Gy/5f re-irradiation SRS in March 2013. Repeated
radiotherapy increases the risk for radiation-induced necrosis com-
pared with first-course radiotherapy. Second, her clinical symp-
toms were significantly relieved after the bevacizumab treatment.
In brief, the radiation-induced necrosis was mainly diagnosed bas-
ing on our clinical experience, and it was reconfirmed by the way
the patient survived with no brain tumor relapse after treatment at
a relatively long-term follow-up.

We attempted to treat the patient with bevacizumab at a
lower single bolus dosage (3.27 mg/kg) with relatively long dos-
ing intervals (every 12–16 weeks). This treatment regimen was
observed to effectively alleviate radiation-induced brain necro-
sis in this patient and improve her symptoms successively,
without inducing any apparent side effect. Moreover, neurolog-
ical symptoms such as dizziness, fatigue, and headache have
been controlled for 17 months to date (when this case report
was written).

This case report provides a useful reference for the clinical
management of patients with radiation-induced brain necrosis.
However, it is worth mentioning that whether the low-dose
and long-interval regimen can avoid drug-resistance of bevaci-
zumab is not yet known. Furthermore, the radiation brain
necrosis was diagnosed empirically basing on the patients clini-
cal manifestations, responses to treatment and radiographic
findings. Without pathology, there is a risk of mis-diagnosing
the progression of necrosis. This is an inherent limitation of
both this case study, and the indeed real world practice. The
small sample size (one patient) also restricts its power to con-
vince that this bevacizumab administration regimen may be
less toxic than using a higher dose. Additional research is
required to further investigate these issues.
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