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Abstract

Background: Radiotherapy is the mainstay of brain metastasis (BM) management. Radiation necrosis (RN) is a
serious complication of radiotherapy. Bevacizumab (BV), an anti-vascular endothelial growth factor monoclonal
antibody, has been increasingly used for RN treatment. We systematically reviewed the medical literature for studies
reporting the efficacy and safety of bevacizumab for treatment of RN in BM patients.

Materials and methods: PubMed, Medline, EMBASE, and Cochrane library were searched with various search
keywords such as “bevacizumab” OR “anti-VEGF monoclonal antibody” AND “radiation necrosis” OR “radiation-
induced brain necrosis” OR “RN” OR “RBN" AND “Brain metastases” OR “BM" until 1st Aug 2020. Studies reporting the
efficacy and safety of BV treatment for BM patients with RN were retrieved. Study selection and data extraction
were carried out by independent investigators. Open Meta Analyst software was used as a random effects model
for meta-analysis to obtain mean reduction rates.

Results: Two prospective, seven retrospective, and three case report studies involving 89 patients with RN treated
with BV were included in this systematic review and meta-analysis. In total, 83 (93%) patients had a recorded
radiographic response to BV therapy, and six (6.7%) had experienced progressive disease. Seven studies (n =73)
reported mean volume reductions on gadolinium-enhanced T1 (mean: 47.03%, +/— 24.4) and T2-weighted fluid-
attenuated inversion recovery (FLAIR) MRI images (mean: 61.9%, +/— 23.3). Pooling together the T1 and T2 MRI
reduction rates by random effects model revealed a mean of 48.58 (95% Cl: 38.32-58.85) for T1 reduction rate and
62.017 (95% Cl: 52.235-71.799) for T2W imaging studies. Eighty-five patients presented with neurological symptoms.
After BV treatment, nine (10%) had stable symptoms, 39 (48%) had improved, and 34 (40%) patients had complete
resolution of their symptoms. Individual patient data was available for 54 patients. Dexamethasone discontinuation
or reduction in dosage was observed in 30 (97%) of 31 patients who had recorded dosage before and after BV
treatment. Side effects were mild.
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Conclusions: Bevacizumab presents a promising treatment strategy for patients with RN and brain metastatic
disease. Radiographic response and clinical improvement was observed without any serious adverse events. Further
class | evidence would be required to establish a bevacizumab recommendation in this group of patients.

Keywords: Bevacizumab (BV), Radiation necrosis (RN), Dexamethasone (Dex), MRl imaging, Adverse events

Introduction

Brain metastasis (BM) is the most common adult
intracranial disease, and it is diagnosed in approxi-
mately 20 to 30% of cancer patients [1-3]. The most
common primary tumor metastasizing to the brain is
lung cancer (up to 50%), followed by breast cancer
(up to 25%), melanoma (up to 20%), and to a lesser
extent, renal cell carcinoma, colorectal cancer, and
others [1-4]. Nonetheless, the incidence and fre-
quency of BM is growing as newer systemic and im-
munotherapeutic agents are entering the treatment
paradigm of these primary cancers [5-9]. Patients are
living longer and are more prone to experience BM
in their lifetime.

Depending on various prognostic factors, manage-
ment of BM may involve surgical resection and/or
radiation therapy in the form of stereotactic radiosur-
gery (SRS), whole brain radiotherapy, or a combin-
ation of two [1, 10-13]. A surge has been witnessed
in the use of radiosurgery in BM patients with the
approval of various targeted and immunotherapeutic
agents for the management of primary sites of sys-
temic cancers [6-9, 14]. Targeted agents after SRS for
the brain have also been continued and have pro-
longed survival outcomes for patients with BM [6, 7,
9, 15, 16]. Radiation therapy has long been associated
with the development of radiation necrosis (RN) in
patients with intracranial disease [17-21]. The rate of
RN following radiotherapy or radiosurgery has been
estimated at 10-15% [17-21]. RN is considered as a
dose-limiting toxicity for SRS [20, 21]. An increased
incidence of RN has also been reported with a com-
bination of SRS and systemic agents [22, 23]. In fact,
the benefits of synergism from a combination of radi-
ation and targeted agents are weighed against RN tox-
icity [7, 22, 23]. Hence, the management of RN takes
a center stage in patients with intracranial disease.

Corticosteroids have long been the mainstay of RN
treatment. It inhibits the pro-inflammatory response that
promotes radiation necrosis and provides symptomatic
relief via edema reduction, but long-term use is associ-
ated with serious side effects [19]. Surgery has also been
used for resectable progressive RN, which can relieve
mass effects and it also provides an opportunity to study
tissue samples for diagnosis. However, persistent edema
may need close monitoring for weeks [19, 24]. Another

treatment strategy employed is hyperbaric oxygen ther-
apy (HBOT) [25]. It can increase oxygen concentration
to stimulate angiogenesis, restore blood supply to nec-
rotic lesions, and accelerate healing. It has also shown
improvement in RN symptoms alone or in combination
with Endostar (a recombinant endostatin product) [25].
Laser interstitial thermal therapy (LITT) has been dem-
onstrated to relieve RN symptoms, reduce progression,
and improve survival in patients with RN and brain me-
tastases [26, 27]. It has also been used to complement
RN surgery [24]. Bevacizumab (BV) has also made it a
treatment paradigm for RN [28-30]. Recent clinical tri-
als have shown encouraging results [31-33].

Bevacizumab, an anti-VEGF monoclonal antibody, has
been evaluated for RN treatment [28-30]. Its use in RN
stems from the fact that RN tissues have elevated levels
of VEGF [34, 35]. Radiotherapy induces vasogenic edema
and ischemia, resulting in hypoxia that leads to the in-
duction of hypoxia-inducible factor la (HIFla) [34—38].
HIFla upregulates VEGF through astrocytes and endo-
thelial cells [36, 38]. White matter around necrotic areas
has been identified as the main VEGF up-regulating site
[36]. Immunohistochemistry (IHC) of RN surgical sam-
ples has confirmed increased levels of VEGF in reactive
astrocytes surrounding the core of necrotic tissue [37].
VEGF is an important regulator of angiogenesis, leading
to increased vascular permeability, damage to the blood-
brain barrier (BBB), and ensuing brain edema [39]. Beva-
cizumab reduces vascular permeability and alleviates
blood-brain barrier damage and brain edema through its
binding to VEGF [28, 35, 39].

Several studies have reported the efficacy of BV in
the treatment of RN diagnosed in primary brain
tumor, metastatic, and patients with nasopharyngeal
carcinoma (NPC) [31-33, 40-58]. Two randomized
controlled trials have shown its efficacy over placebo
or corticosteroid-receiving patients, without any in-
crease in toxicity in primary brain tumors and NPC
patients [31, 32]. Recently, a prospective phase II clin-
ical trial has revealed efficacy of BV in patients with
metastatic brain disease who have RN [33]. However,
the majority of studies had included patients without
differentiating for their intracranial disease type [50—
54]. Here, we conducted a systematic review to gather
evidence of the clinical efficacy of BV for patients
with metastatic brain disease who have RN.
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Methods & materials

Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were rigorously
followed [59].

Inclusion criteria

Patients & study types

Studies reporting the efficacy of bevacizumab for
radiation necrosis occurring in patients with brain
metastases after undergoing radiotherapy for intracra-
nial disease.

Types of interventions
Bevacizumab

Outcomes of interest

Outcomes of prime interest were: radiographic response;
edematous volume reductions on magnetic resonance
imaging (MRI); and clinical improvement such as im-
provement/resolution of neurological symptoms and
signs, increase in Karnofsky Performance Status (KPS)
score, and decrease in dosage or discontinuation of
dexamethasone. The secondary outcomes of interest
were recurrence and safety outcomes, including adverse
events.

Search strategy

Databases

PubMed, Medline, EMBASE, and the Cochrane library
were searched until 1st Aug 2020. Various search terms
such as “bevacizumab” OR “Anti-VEGF monoclonal
antibody” AND “Radiation necrosis” OR “Radiation in-
duced brain necrosis” OR “RN” OR “RBN” AND “Brain
metastases” OR “BM” etc., were employed. Language
was restricted to English. Furthermore, references of the
retrieved studies were also inspected for more relevant
literature.

Study selection

Relevant studies obtained from databases were imported
into Endnote X9.3 software for organization and screen-
ing. Duplicates were removed and titles and abstracts
were thoroughly screened. Studies were selected accord-
ing to the aforementioned inclusion criteria. In situa-
tions of discrepancies, other authors were consulted.

Data extraction

“The Cochrane Collaboration Data Collection form-
RCTs and non-RCTs” was modified according to our
requirements and used for recording data. The extracted
data included general characteristics/attributes of the
studies and participants and the main outcomes of inter-
est. The characteristics of the studies recorded were the
first author, publication year, period of recruitment,
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research design, institute of research, number of partici-
pants, and follow-up time. The recorded attributes of
participants included age, sex, presenting symptoms,
KPS, dexamethasone use, and adverse events.
Furthermore, outcomes of interest, including radio-
graphic response, RN volume reduction on MRI images,
clinical improvement, and safety. Scrutiny and examin-
ation of eligible studies was accomplished with full text
reading by two independent reviewers (M.K. and Z.Z).

Assessment of risk for bias

Quality assessment was carried out using the Reporting
Checklist for Authors developed by The Meta-analysis
Of Observational Studies in Epidemiology (MOOSE)
Group [60].

Statistical analysis

Descriptive statistics, including frequency, percentage,
mean, median, range, and standard deviation, were cal-
culated with Microsoft Excel for Mac 2019 v16.43. Mean
reduction rates were directly extracted from the studies
or indirectly via Engauge Digitizer. The weighted mean
and standard deviation was estimated according to the
methods described in the Cochrane Handbook for
Systematic Reviews of Interventions version 6.0 [61, 62].
Pooled estimates (weighted mean and confidence inter-
val) was obtained with Open Meta Analyst software,
which uses the R package “metafor” for meta-analysis
[63-65]. The pooled mean was estimated using a con-
tinuous random effects model with the DerSimonian-
Laird method [66]. Heterogeneity was assessed using the
P test. I values of 25, 50, and > 50% were considered as
low, moderate, and high heterogeneity [67]. P < 0.05 was
considered statistically significant.

Results

Overall, two prospective studies, seven retrospective
studies, and three case reports involving 89 patients with
RN treated with BV were obtained following the re-
search strategy and study selection process [33, 48—58].
The PRISMA flow diagram for the same is illustrated in
Fig. 1. Among them, 39 patients were male and 50 were
female (Table 1). Lung (54, 61%) and breast (12, 14%)
cancers constituted the main primary pathology for BM.
All patients had developed RN after receiving radiation
therapy to the brain [33, 48—58]. Stereotactic radiother-
apy (SRT) (37, 33%), which is SRS delivered in fractions,
was the main component of treatment delivered after
BM development, followed by single-dose SRS (26, 23%)
and whole-brain radiotherapy (WBRT) (22, 19%). SRS
was also the main radiation strategy given as radiation
boost after conventional radiotherapy (24, 21%) [33, 48—
58]. The time duration from radiotherapy induction to
RN development was reported in most studies as the
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Fig. 1 PRISMA flow diagram of research strategy and study selection
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time from RT to RN diagnosis and, in a few studies, as
RT to BV induction (Table 1). The mean time from RT
to RN diagnosis ranged between 6.5 and 19 months, and
for RT to BV induction was between 4.6 and 11 months
[33, 48-58]. All the studies had used various combina-
tions of diagnostic procedures to determine the RN diag-
nosis, including MRI, magnetic resonance spectroscopy
(MRS), methionine positron emission topography
(MET-PET scans), and biopsy/pathology [33, 48-58].
Differentiation between disease progression and RN
diagnosis was based on the imaging guidelines reported
in previous studies [68—-74]. The imaging characteristics
are outlined in Table 2. Most common dose of BV used
were 5-10mg/kg [49-54, 57]. Other doses applied
ranged from as low as 1 mg/kg to as high as 15 mg/kg
[33, 48-58]. The timing of BV induction ranged from
every 2 weeks to every 6 weeks [33, 48—58]. The mean
number of treatment cycles completed by patients
ranged from two to six cycles. Follow up time also varied
from 3.3 to 22.7 months. The details are illustrated in
Table 1.

Measurement of MRI changes and calculation of
reduction rate

Slight variations were noticed in methods for assessing
the volume calculation and reduction rate on MRI im-
ages among the studies. Two studies estimated the area
of lesion at the level of maximum bi-dimensional meas-
urement according to McDonald’s criteria, and the
difference was expressed as percent change from the
baseline MRI profiles [50, 54, 75]. In some studies, the
hyperintense area was manually outlined, measured, and
summed across slices and was multiplied by the layer
thickness to calculate the total lesion area, but the re-
duction rate was estimated differently [33, 51-53, 55].
Volume reduction was obtained by subtracting of post-
treatment from pre-treatment volume, dividing post-
treatment by pre-treatment volume, and the following
formula: volume before BV — volume after BV / volume
before BV [33, 51-53, 55]. Zhuang et al. calculated the
edema index as: EI = volume of (edema + necrosis)/vol-
ume of necrosis [33, 55]. For T1 MRI, changes in the
signals were measured in three different areas in the
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Table 2 Imaging characteristics for diagnosis of radiation necrosis
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Imaging Technique Characteristics

MRI -Contrast enhancement pattern (soap bubble or Swiss cheese pattern, etc.),
-Location of enhancement (periventricular, corpus callosum, midline crossing, subependymal spread),
-Multiplicity (single/multiple),
-Distance from primary tumor site (ipsilateral/contralateral)

MRS -Decreased peaks in Cho, NAA and Cr,

-Low Cho/Cr values
-Elevated Lip-Lac/Cho

PET -No uptake of radionuclides

Abbreviations: MRl Magnetic resonance imaging, MRS Magnetic resonance spectroscopy, PET Positron emission topography

strengthening region of necrosis and compared to the
white matter signal value of the same MRI to obtain a
ratio that was used to express the reduction rate as the
difference between pre- and post-treatment [33, 55]. We
calculated the difference from the graphs available in
their studies.

Patients characteristics

Ten studies reported individual patient characteristics
and treatment-related data for 54 patients with RN [48—
54, 56—58]. The details are outlined in Table 3. These
patients consisted of 22 male and 32 female patients,
and their average age was 58 years. The mean time from
RT to RN diagnosis was 11.7 months and from RT to in-
duction of BV treatment was 15.5 months [48-50, 52—
54, 56-58]. BV dosage ranged from 5 mg/kg to as high
as 15 mg/kg, every 2 weeks to every 6 weeks for an aver-
age of 5.7 treatments [48-50, 52-54, 56-58]. Three
studies also provided treatment durations for each pa-
tient [48, 51, 57]. The mean BV treatment duration aver-
aged at 3.29months [48, 51, 57]. Neurological
symptoms, such as headache, visual disturbances, sei-
zures, limb weakness, etc., have been reported in nine
studies [33, 48, 51-58]. Five studies reported adverse
events after BV for individual patients [33, 5456, 58].
Detailed information is provided in Table 3.

Radiographic response

Radiographic response was defined as any reduction ob-
served in the RN or edema volume on MRI images (Gd-
enhanced T1 and T2-FLAIR) [33, 48-58]. Radiographic
response was 93% (n =83) after BV therapy induction.
Six (6.7%) patients experienced progression of RN or
failed to respond to bevacizumab [33, 48-58]. Seven
studies involving 73 patients with RN reported a mean
volume reduction on T1-enhanced and T2-FLAIR MRI
images (Table 4) [33, 50-55]. The weighted mean reduc-
tion in volume on T1 Gd-enhanced MRI was 47.03%
(+/-24.4), and on FLAIR imaging was 61.9% (+/-23.3).
The average decrease in volume reduction for each study
is given in Table 4. The mean volume reduction for
studies ranged between 35 and 63.5% on enhanced MRI
and 49 and 75.1% on FLAIR MRI images [33, 50-55].

Pooling together the T1 and T2 MRI reduction rates by
random effects model revealed a mean of 48.58 (95% CI:
38.32-58.85) for the T1 reduction rate and 62.017 (95%
CL: 52.235-71.799) for T2W imaging studies (Fig. 2).
Significant heterogeneity was revealed for both compari-
sons (I° =80%, p<0.001; P =66.9%, p=0.01, respect-
ively). We undertook sensitivity analysis by excluding
the studies reported by Zhuang et al. as the method for
data calculation differed from other studies [33, 55].
Heterogeneity was lost upon excluding the studies sug-
gesting that the difference in calculation method may
have been the contributing factor (Fig. 3). Analysis of in-
dividual patient data revealed a 57.4% mean volume re-
duction on T1 enhanced and 56.2% on flair imaging, for
41 patients (Table 3) [48-54, 56—58]. The extent of vol-
ume reduction on MRI images has not been reported in
some studies [48, 49, 56-58].

Clinical improvement

Clinical improvement was measured in terms of im-
provement reported in neurological symptoms, KPS,
and/or weaning of dexamethasone dosage [33, 48—58].
Overall, 85 patients presented with neurological symp-
toms because of RN, such as headaches, limb weak-
nesses, cognitive functions, and gait problems (Table 3)
[33, 48-58]. After BV treatment, nine (10%) patients had
stable symptoms, 39 (46%) patients had improved, and
34 (40%) patients had complete resolution of their symp-
toms [33, 48-56]. The symptoms worsened in three pa-
tients [50, 58]. Individual patient data was available for
54 patients [48—54, 56]. The KPS score was reported in
10 patients from three studies [50, 52, 53]. Improvement
in KPS was observed in eight (80%) patients [50, 52, 53].
Dexamethasone discontinuation or reduction in dosage
was observed in 30 (97%) of 31 patients who had re-
corded dosage before and after BV treatment [48, 50, 51,
54, 56]. The mean dose reduction for these patients was
9.08 mg (Table 3).

Recurrence

Only one study (n = 14) reported a recurrence rate [55].
The recurrence rate was very high: 10 of the 13 respond-
ing patients had RN recurrence. Sadraei et al. also
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Table 4 Radiographic responses and MRI changes after treatment with bevacizumab
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Studies No of Radiographic T1 Gd enhancement T2 FLAIR volume
patients responses volume reduction (mean) reduction (mean)

Wang, et al. (2012) [50] 5 4 (80%) 63.5% 49%

Furuse, et al. (2013) [52] 3 100% 75.1%

Boothe, et al. (2013) [51] 1 100% 67.1% 54.1%

Alessandretti, et al. (2013) [48] 2 100%

Yonezawa, et al. (2014) [53] 2 100% 49.5% 76.9%

Xiang-Pan, et al. (2015) [49] 1 100%

Sadraei, et al. (2015) [54] 17 16 (95.8%) 52% 53.7%

Zhuang, et al. (2015) [55] 14 13 (92.9%) 36% 59%

Ma, Y., et al. (2017) [57] 2 100%

Glitza, I. et al. (2017) [58] 7 5 (71%)

Zhuang, et al. (2019) [33] 21 20 (95.2%) 35% 74%

Tanigawa, et al. (2019) [56] 4 100%

This study 89 83 (93%) Mean: 47.03% (+/— 24.4) Mean: 61.78% (+/— 23.2)

reported that four patients had RN recurrence, but the
type of intracranial disease (primary brain tumor, NPC,
or BM) was not identified [54]. A single patient in the
study by Wang et al. also had recurrence with no evi-
dence of intracranial disease type [50].

Adverse events
Overall, five studies (1 = 63) reported adverse events oc-
curring in 14 (22%) patients after bevacizumab treatment
(Table 5) [33, 54—56, 58]. A retrospective study reported
grade 1 side effects in two (14%) patients. Adverse events

A. Mean reduction rate on T1-contrast enhanced MRI

N

Studies Estimate (95% C.I.) }

Wang, et al 2012 63.500 (46.840, 80.160) .

Boothe, et al 2013 67.070 (51.774, 82.366) ' -

Yonezawa, et al 2014 49.550 (37.105, 61.995) . |

Sadraei, et al 2015 48.410 (35.817, 61.003) [ ]

Zhuang, et al 2015 36.420 (26.527, 46.313) '

Zhuang, et al* 2019 35.250 (29.246, 41.254) B R

Overall (1*2=8012 % , P<0.001) 48.584 (38.320, 58.848) —
r T : T T T 1
30 40 50 60 70 80

B. Mean reduction rate on T2-W FLAIR MRI

Studies Estimate (95% C.I.)

Wang, et al 2012 49.000 (15.191, 82.809) -

Boothe, et al 2013 54.010 (40.653, 67.367) - -

Yonezawa, et al 2014 76.950 (53.528, 100.372) - -

Sadraei, et al 2015 53.760 (42.490, 65.030) +

Zhuang, et al 2015 59.270 (46.930, 71.610) .

Zhuang, et al* 2019 74.050 (66.819, 81.281) _._

Overall (1*2=6694 % , P=0.010) 62.017 (52.235, 71.799) ——ee—
I T T : T 1
20 40 60 80 100

Fig. 2 Forest plot of meta-analysis of mean reduction rate on T1-contrast enhanced MRI (a) and T2W FLAIR MRI (b) after bevacizumab (BV)
treatment for radiation necrosis (RN) in patients with brain metastases
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-

A. Mean reduction rate on T1-contrast enhanced MRI

Studies Estimate (95% C.I.) ]

Wang, et al 2012 63.500 (46.840, 80.160) : =

Boothe, et al 2013 67.070 (51.774, 82.366) : »

Yonezawa, et al 2014 49.550 (37.105, 61.995) . L

Sadraei, et al 2015 48.410 (35.817, 61.003) B :

Overall (1A2=4203 % , P=0.159) 56.033 (46.786, 65.281) —————————
T . T T 1

40 50 60 70 80
B. Mean reduction rate on T2-W FLAIR MRI

Studies Estimate (95% C.I.) ]

Wang, et al 2012 49.000 (15.191, 82.809) = -

Boothe, et al 2013 54.010 (40.653, 67.367) .

Yonezawa, et al 2014 76.950 (53.528, 100.372) - -

Sadraei, et al 2015 53.760 (42.490, 65.030) ——

Overall (1*2=1361 % , P=0,324) 56.595 (47.730, 65.459) —
T : T T 1
40 60 80 100

Fig. 3 Sensitivity analysis of studies that used comparatively similar methods for estimation of reduction rates. Results are shown as forest plot of
meta-analysis of mean reduction rate on T1-contrast enhanced MRI (a) and T2W FLAIR MRI (b)

reported were mild allergy and hypertension [55].
Hypertension resolved spontaneously. Similar side ef-
fects (mild allergy, hypertension) in two (9.5%) patients
were reported in a prospective clinical trial conducted
by the same group [33]. Side effects reported for individ-
ual patients were available in the study by Sadraei et al.
[54]. One patient with non-small cell lung carcinoma
(NSCLC) reported grade 1 proteinuria, for which bevaci-
zumab treatment was withheld. Similarly, the other
NSCLC patient reported a grade 2 urinary tract infection
that also required withholding one dose of BV treat-
ment. Of the 17 patients with RN, five (29%) patients
(two with NSCLC, one with melanoma, one with breast
cancer, and one with NSTC) reported side effects after
BV treatment. Grade 3 deep venous thrombosis (DVT)
and pulmonary embolism (PE) were observed in melan-
oma patients. The patient with breast cancer reported

Table 5 Adverse events reported with bevacizumab treatment

grade 2 fatigue, and the NTSC patient experienced grade
2 hypertension. All the participants in the case series
(n =4) reported by Tanigawa et al. experienced side ef-
fects involving hypertension, edema, and proteinuria
[56]. Only one patient had experienced side effects such
arthralgia and dysgeusia in the study by Glitza, 1. et al.
[58]. Adverse events were not reported in the remaining
studies [48-53, 57].

Discussion

We retrieved studies evaluating the efficacy of BV in the
management of RN in patients who had received radi-
ation therapy for brain metastases [33, 48—58]. Most pa-
tients showed a reduction in the edema and RN volume
by over 50% on MRI images until their last follow-up
[33, 48-56]. In some studies, edema volume reduction
was over 70% in patients with BM [52, 53]. Radiographic

Studies Patients Symptoms

Sadraei, et al. (2015) [54] 5 (29%) Grade 1: proteinuria (1).
Grade 2: hypertension (1), fatigue (1), urinary tract infection (1).
Grade 3: DVT/pulmonary embolism (1)

Zhuang, et al. (2015) [55] 2 (14%) Grade 1: mild allergy (1), hypertension (1)

Zhuang, et al. (2019) [33] 2 (9.5%) Grade 1: mild allergy (1), hypertension (1)

Tanigawa, et al. (2019) [56] 4(100%) Hypertension (3), proteinuria (3), edema (1)

Glitza, I. et al. (2017) [58] 1(14%) Arthralgia (1), dysgeusia (1)
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responses corresponded with improvements in clinical
outlook. Neurological symptoms were stabilized, im-
proved, or completely resolved upon BV induction
(Table 3). Several studies have reported a similar efficacy
data for BV in patients with primary brain tumors (gli-
omas and glioblastoma), and NPC [31, 32, 45-47]. In a
study by Wang et al.,, there were patients with other pri-
mary brain tumors who demonstrated a similar efficacy
in reducing edema volume (T1 post-gd: 61%, T2 FLAIR:
57%), and showed improvement in neurological symp-
toms (100%) [50]. Fursue, et al. study, as well, had eight
patients who had RN with primary brain tumors, other
than the three BM patients [52]. A mean edema volume
reduction rate of 45% was revealed for these patients. In
addition to BM patients, seven other patients (five pri-
mary brain tumors and two arteriovenous malformations
(AVM) patients) were also included in the study by
Sadraei et al. [54]. The study reported an average reduc-
tion of 47.4 and 50.7% on both MRI images (T1W and
FLAIR), respectively. Gonzalez et al. conducted a retro-
spective study showing radiographic and neurological
symptom improvement in eight patients who had RN
with primary brain tumors after being treated with BV
(dosage: 5mg/kgq 2 w /7.5 mg/kgq 3 w) [45]. Average
reduction changes of 48 and 60% on post-contrast T1
and FLAIR MRI images were exhibited after a mean of
8.1 weeks from BV treatment start, respectively. In a sep-
arate retrospective study by Torcuator et al., six patients
with RN diagnosed using biopsy and treated with BV
also demonstrated significant reductions in both MRI
images (T1 post-gd: 79%, T2 FLAIR: 49%) [46]. Li, et al.,
in their study comprising 50 NPC patients, though with
a slightly lower response rate of 76.0% (38/50), had re-
ported a significant decrease in edema volume reduction
on FLAIR images (72.6%, p < 0.001) [47].

All these studies, however, constitute a low-level clin-
ical evidence for the efficacy of BV therapy [45-47, 50,
52, 54, 56-58]. Zhuang et al. conducted a prospective
clinical trial involving 21 patients who had RN with
brain metastatic disease [33]. All patients, except for
one, showed radiographic improvement. There is class I
evidence for patients with primary brain and NPC tu-
mors [31, 32]. Levin et al, in a randomized placebo-
controlled trial, using a bevacizumab dose of 7.5 mg/kg
every 3 weeks for seven patients with biopsy-proven RN
with primary brain tumors, showed an average percent-
age change of 59 and 63% in RN volume on T1W and
FLAIR images, respectively [31]. A recently concluded
RCT involving 58 NPC patients treated with bevacizu-
mab revealed a 65.5% (38/58) response rate [32]. The
mean percentage change in RN volume observed on T1
post-gd and T2W FLAIR MRI were 25.5 and 51.8%, re-
spectively. The mean change between before and after
bevacizumab treatment was significant for both detected
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MRI images. Both these studies have reported significant
differences in the radiographic responses and RN vol-
ume reduction rates observed on both MRI images be-
tween  bevacizumab and  placebo/corticosteroids,
suggesting a better outcome for bevacizumab [31, 32].

In our systematic review, one study reported a very
high RN recurrence rate (77%) in BM patients [55].
Other studies have failed to report recurrence of such a
magnitude. Other than the two studies mentioned in the
Results section, there are few other studies that also have
cases of RN recurrence [50, 54]. Two patients in the
RCT conducted by Levin et al. reported RN recurrence
in glioma patients [31]. NPC patients from two other
studies have also shown a moderate rate of recurrence
[32, 47]. A recurrence rate of 39.5% was observed in a
retrospective study of 50 NPC patients [47]. A similar
recurrence rate (36.8%) was also demonstrated in the
RCT of 58 NPC patients conducted by Xu et al. [32].
The underlying mechanism has not been exclusively in-
vestigated in these patients. Apparently, all three kinds
of intracranial diseases (primary brain tumors, meta-
static, or NPC) have registered RN recurrence [31, 32,
47, 55]. Recurrence was slightly higher in BM patients as
reported, but the study had a low level of evidence.
Hence, no conclusions could be drawn about the rela-
tionship between RN recurrence and the underlying
intracranial disease type. Zhuang et al. identified a cor-
relation between RN recurrence and duration after the
initial BV withdrawal [55]. Further, Li et al. indicated
that duration from induction of radiation therapy RN
diagnosis and BV intervention as predictive factors for
RN recurrence [47]. Further investigations are required
to establish any underlying cause of RN recurrence. An-
other important aspect of RN recurrence is its diagnosis.
Pathology is the standard for diagnosing RN or recur-
rence [76-79]. However, almost all of these studies re-
lied on imaging criteria reported in previous studies for
the diagnosis of RN and recurrence [31, 32, 47, 55, 76—
79]. For example, in a case report, re-enlargement of
RBN after being on BV for 8 months was attributed to
recurrence of lung cancer as resected specimen revealed
necrotic areas with viable tumor cells [80]. Hence, an ac-
curate recurrence rate could only be determined with
pathology, which could be further examined by larger
comprehensively organized trials.

In this systematic review, clinical improvement was
observed in a majority of the patients; however, some
patients did not show any clinical improvement or expe-
rienced symptomatic worsening and progression. Med-
ical literature also reveals similar examples. In the study
by Gronier et al., no clinical improvement was observed
in all three participants with malignant brain tumors
after BV therapy (10 mg/kg per month) [81]. One patient
had experienced lymphopenia after one perfusion of
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bevacizumab; the other had developed a transient ische-
mic attack and a corneal ulcer. Side effects reported in
our review were mild, and only one grade 3 pulmonary
embolism was described [33, 54—58]. Several other in-
vestigations have also highlighted similar low-grade ad-
verse events [31, 32, 46, 50, 53]. In the retrospective
study of Torcuator, et al. (n = 6), only one patient experi-
enced mild fatigue after BV treatment [46]. Grade 2 AEs,
including hypertension, fatigue, and proteinuria, were
observed in 18% (3/17) of participants of the study by
Wang, et al. [50]. However, the patients’ primary intra-
cranial diseases were not identified. In the study by
Yonezawa, et al, 33% (3/11) of participants had also
shown grade 1 or 2 side effects such anemia, leukopenia,
neutropenia, and lymphocytopenia [53]. More import-
antly, the class I evidence in this regard has shown the
safety of BV therapy in primary brain tumors and NPC
patients [31, 32]. Levin et al. reported that six (55%) pa-
tients experienced side effects [31]. Three of these ad-
verse events were considered serious, including
aspiration pneumonia, pulmonary embolus secondary to
DVT, and superior sagittal sinus thrombosis. The other
three patients showed ischemic changes due to small
vessel thrombosis [31]. Another RCT conducted by Xu
et al. reported 40 grade 1 or 2 adverse events experi-
enced by 58 patients with NPC [32]. Only one grade 3
adverse event of ischemic stroke was observed. Further-
more, a similar portfolio was revealed for the
corticosteroid-treated group, suggesting that BV treat-
ment may not increase the toxicity experienced by pa-
tients with RN [32].

From the literature, it appears that bevacizumab was
able to elicit therapeutic efficacy at any prescribed dose
or frequency [31-33, 40-56]. The initial doses used were
5, 7.5, 10, and 15 mg/kg every 2 weeks to every 6 weeks.
All doses were tolerated and were not associated with
any increase in toxicity. It has been suggested that BV
efficacy is associated with its anti-angiogenic effects ra-
ther than the dose [33]. In a case report, BV at a dose as
low as 3 mg/kg was shown to be effective [48]. In a pro-
spective clinical trial, patients were exposed to ultra-low
doses of BV at 1mg/kg [33]. Radiographic responses
were observed in 20 of the 21 patients. Such a versatile
dosing profile makes this treatment reachable to a
broader population, as it is an expensive treatment. To
date, exact cost-benefit relationship evaluation has not
been adequately addressed for bevacizumab therapy [29].
It may cost around 4800 to 19,200 U.S. dollars (USD) for
a single four to eight-week course of 5 to 10 mg/kg, ad-
ministered every other week at a cost of 600 USD per
100 mg [82, 83]. An increase of 2.4 months in survival, a
20% improvement in a patient’s quality of life, or a linear
combination of the two was required for bevacizumab
treatment to be considered cost-effective according to a
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basic hypothetical calculation using 10,000 USD cost for
a course of BV therapy and a quality-adjusted-life-year
(QALY) threshold of 50,000 USD [84]. Hence, further
studies are needed to establish a dose requirement for
achieving the maximum benefit and to make the bevaci-
zumab treatment cost-effective.

Several observations limit the results of our study. As
a systematic review, the incorporated data comes from
heterogeneous populations, diverse treatment centers,
and a variety of research designs used for investigations.
Moreover, the time period in which the case reports/
studies were undertaken also varied. We included case
reports and some retrospective studies [48-56]. Retro-
spective studies are prone to selection bias, recall bias,
or misclassification bias and are subject to confounding
[85]. Most of these studies mainly constitute class III
level evidence, except for two prospective studies [48—
56]. The types of radiation also differed from patient to
patient. Moreover, pathology reports are used as stand-
ard for the diagnosis of RN; however, these studies
mostly used imaging studies for RN diagnosis [48—56].
Some of the studies reported global adverse events/re-
currence rates without differentiating between tumor
types; however, they also contained participants other
than BM patients [50, 53, 54]. Nonetheless, we presented
the recurrence rates in results and side effects in the
Discussion section to construct a better recurrence rate/
adverse event profile for the readers. The follow-up for
different studies also varied. The likelihood of only BV-
responding patients being included in the study may also
be prone to publication bias.

Conclusions

According to our results, bevacizumab can be consid-
ered safe and efficacious for BM patients diagnosed with
RN. However, the level of evidence presented was low,
making our bevacizumab efficacy results inconclusive.
Furthermore, several dimensions of BV treatment for
RN were less clarified and should be investigated in fu-
ture trials. These include the diagnosis standard used for
RN, impact of type/dose/fractionation of radiation ther-
apy used on RN, patterns, and underlying mechanism of
recurrence. The pending results of a phase II trial
(NCT02490878) of BV plus corticosteroids versus corti-
costeroids plus placebo for radiation necrosis after radio-
surgery for brain metastases will further define the role
of bevacizumab in the management of radiation
necrosis.
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