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Objective: Our aim was to compare the clinical outcomes of patients treated with
bevacizumab combined with corticosteroids and those with bevacizumab monotherapy
from a radiation-induced brain necrosis (RN) registry cohort (NCT03908502).

Methods:We utilized clinical data from a prospective RN registry cohort (NCT03908502)
from July 2017 to June 2020. Patients were considered eligible if they had symptomatic
RN after radiotherapy for nasopharyngeal carcinoma (NPC) and received bevacizumab
(5 mg/kg, two to four cycles) with a minimum follow-up time of 3 months. The primary
outcome was a 2-month response rate determined by MRI and clinical symptoms.
Secondary outcomes included quality of life [evaluated by the abbreviated World Health
Organization Quality of Life (WHOQOL-BREF) questionnaire] and cognitive function
(evaluated by the Montreal Cognitive Assessment scale) at 2 months, RN recurrence
during follow-up, and adverse events.

Results: A total of 123 patients (34 in the combined therapy group and 89 in the
monotherapy group) were enrolled in our study with a median follow-up time of 0.97 year
[interquartile range (IQR) = 0.35–2.60 years]. The clinical efficacy of RN did not differ
significantly between patients in these two groups [odds ratio (OR) = 1.642, 95%
CI = 0.584–4.614, p = 0.347]. Furthermore, bevacizumab combined with
corticosteroids did not reduce recurrence compared with bevacizumab monotherapy
[hazard ratio (HR) = 1.329, 95%CI = 0.849–2.079, p = 0.213]. The most common adverse
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events of bevacizumab were hypertension (17.89%), followed by nosebleed (8.13%) and
fatigue (8.13%). There was no difference in grade 2 or more severe adverse events
between the two groups (p = 0.811).

Interpretation: Our results showed that the treatment strategy of combining
bevacizumab with corticosteroids did not lead to better clinical outcomes for RN
patients with a background of radiotherapy for nasopharyngeal carcinoma.
Keywords: radiation-induced brain necrosis, bevacizumab combined with corticosteroid, real-world data,
nasopharyngeal carcinoma, bevacizumab monotherapy
INTRODUCTION

Nasopharyngeal carcinoma (NPC) is characterized by a distinct
geographical feature with high incidence rates in southern China
and Southeast Asia (1). The age-standardized incidence rate of
NPC in China is 3.0 per 100,000 people (2). NPC is highly
sensitive to ionizing radiation, and radiotherapy is the mainstay
of its treatment strategy. However, patients often suffer from a
delayed complication called radiation-induced brain necrosis
(RN), occurring 6 months to several years after radiotherapy.
The typical symptoms of RN include headache, cognitive
dysfunction, dysphagia, and mental disorder, which severely
affect patients’ quality of life (3). Efforts to prevent or
minimize RN have long been attempted in both laboratory and
clinical studies.

However, limited medication strategies are recommended for
treating RN patients, and corticosteroids and bevacizumab have
been in widespread use (4–6). Corticosteroids were reported with a
lower effectiveness rate of 33.3% (7), while that of bevacizumab has
reached 65.5% (6). However, bevacizumab was confirmed to have
a 25% recurrence rate during the 6-month follow-up compared
with 22% in corticosteroids (6). Thus, we wondered whether
bevacizumab combined with corticosteroids would increase the
efficacy and reduce the recurrence rate. The RN cohort study
(NCT03908502) was a prospective observational study on the
clinical manifestations, therapeutic effects, and prognosis of
radiotherapy-related nervous system complications. The patients
were from all over China and mostly from the Sun Yat-sen
University Cancer Center, which is the largest center for NPC
patients in the world. The annual NPC outpatient number was up
to 4,000. Our institution received about 180 radiotherapy-induced
brain necrosis patients every year. Therefore, we planned to
explore the relationship between the different bevacizumab-
associated treatment strategies and prognosis in a large set of
real-world data from this registry cohort, which would be greatly
helpful for RN treatment.
rain necrosis; NPC, nasopharyngeal
aging; IMRT, intensity-modulated

een radiotherapy and bevacizumab
iagnosis and bevacizumab treatment;
and RN diagnosis; VEGF, vascular
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MATERIALS AND METHODS

Study Design and Patients
For the current study, patients were selected from the RN cohort
study according to the following criteria: 1) patients with NPC,
treated with radiotherapy, and confirmed RN without evidence
of tumor recurrence by using radiographic imaging (magnetic
resonance imaging, MRI). The radiographic diagnosis of RN was
defined as a high-intensity lesion on T2-weighted imaging
(T2WI) and an associated enhancing lesion on T1 post-
gadolinium contrast imaging, with characteristic “soap bubble”
or “Swiss cheese” enhancement (8). Brain magnetic resonance
spectroscopy, PET-CT, or biopsy would be performed in patients
with a differential diagnosis of RN/recurrent or progressive brain
tumor. 2) Patients who presented with evidence of progressive
neurologic signs or symptoms appropriate to the location of RN,
such as seizure, hemiparesis, limb numbness, cognitive
impairment, and blurred vision, or symptoms that cannot be
clearly localized but are clinically attributable to RN, such as
headache and dizziness; 3) the interval between radiotherapy and
the diagnosis of RN must exceed 6 months in order to exclude
acute radiation injury to the brain; 4) patients who received at
least two cycles of bevacizumab (5 mg/kg, every 2 weeks); and
5) those with a follow-up duration of more than 3 months.

The RN cohort was a non-interventional study capturing
patient and disease characteristics, treatments, and outcomes for
RN diagnosed at Sun Yat-sen Memorial Hospital, Sun Yat-sen
University. Patients without informed consent were excluded
from the cohort. This prospective observational study was
approved by the Ethics Committee of our hospital and was
registered on clinicaltrials.gov (NCT03908502).

In addition to brain injury, radiotherapy can also cause
cranial nerve injury, especially in those who have received re-
radiotherapy (9). Radiation-induced cranial nerve injury can
occur alone or concurrently with RN. For radiation-induced
cranial nerve injury, corticosteroids are recommended. We
usually treat cranial nerve injury by using methylprednisolone
80 mg/day (intravenous) for 4 days, followed by 60 mg once daily
from days 5 to 7, 40 mg once daily from days 8 to 10, oral
prednisone 30 mg/day from days 11 to 17, and gradually tapered
by 5 mg/kg and ended by 10 mg daily for 3 months.

The patients included in our study were divided into two
groups: 1) bevacizumab monotherapy group and 2) bevacizumab
in combination with corticosteroid group. The criteria for
September 2021 | Volume 11 | Article 746941
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treating RN patients with bevacizumab were as follows: no
cerebral hemorrhage or bleeding in other organs, negative
urinary protein, and no bevacizumab allergy. Patients received
5 mg/kg bevacizumab intravenously. The treatment is repeated
every 2 weeks for up to four cycles in the absence of disease
progression or unacceptable side effects. For the second group,
the combination of corticosteroids was used on the condition of
concurrent diagnosis of RN and a newly diagnosed radiation-
induced cranial nerve injury. Patients in this group received
intravenous bevacizumab at a dose of 5 mg/kg at 2-week intervals
for up to four treatments. In addition, patients received
corticosteroids at the dose stated above. Brain MRI was
performed for all patients at baseline, week 4, and week 8, and
when symptoms relapse.

The following demographic and clinical characteristics were
recorded: sex, age, clinical symptoms, total radiation dose of the
brain and neck, radiotherapy approaches [conventional vs.
intensity-modulated radiation therapy (IMRT)], duration
between radiotherapy and RN diagnosis (DRRN), duration
between radiotherapy and bevacizumab treatment (DRT),
duration between RN diagnosis and bevacizumab treatment
(DRNT), RN treatment strategy, the location of the RN lesion,
and the RN volume onMRI at baseline and during follow-up (10,
11). Quality of life assessed by the abbreviated World Health
Organization Quality of Life (WHOQOL-BREF) scale (12) and
cognitive function assessed by the Montreal Cognitive
Assessment (MoCA) scale were also collected at baseline and
post-treatment (13).

Efficacy Assessments
To assess the RN volume, T2 fluid-attenuated inversion recovery
(T2-FLAIR) images were analyzed. On T2-FLAIR images, the
outline of the RN lesion was first identified using manual and
semiautomatic approaches, and then the total volume was
automatically calculated with Volume Viewer 2 software (GE
Healthcare, AW Suite2.0 6.5.1.z). The primary outcome was an
8-week response rate as determined by MRI and clinical
symptoms. We defined clinical effectiveness as a reduction of
edema volume on T2WI/FLAIR by ≥25% at week 8 over baseline
without deteriorating symptoms. Recurrence was defined as an
increase of edema volume on T2WI/FLAIR by ≥10% over that of
the last MRI taken after treatment or any new lesion clinically
attributed to RN (9).

Statistical Analysis
Statistical analysis was performed using SPSS 23.0 and R for
Windows (version 3.4.2; http://www.r-project.org). Multiple
imputations were performed to fill in the missing quality of life
(QOL) scores and MoCA scores of 11 patients. Patient
characteristics were analyzed using descriptive statistical
methods. Data were presented as median (interquartile range)
or number (percentage). Categorical variables were compared
with chi-square and Fisher’s exact tests. Non-parametric data
were compared with the Mann–Whitney U test. The efficacy and
side effects were analyzed using logistic regression. The
recurrence outcome was analyzed using Cox regression
analysis. The Kaplan–Meier approach was also chosen to
Frontiers in Oncology | www.frontiersin.org 3
analyze RN recurrence. All analyses were two-sided, and a
p-value <0.05 was considered to be statistically significant.
RESULTS

Clinical Characteristics
In our registry cohort, a total of 140 RN patients received
bevacizumab therapy. We excluded 10 patients with head and
neck cancer other than NPC. Three patients were lost to follow-
up and four patients with only one cycle of treatment were
further excluded from the analysis. Lastly, 123 patients [median
age = 48 years, interquartile range (IQR) = 41–55 years] were
enrolled in our study (Figure 1). The median DRRN, DRNT, and
DRT were 43.89 (IQR = 26.12–61.96 months), 3.58 (IQR = 0.76–
11.90 months), and 52.41 months (IQR = 34.03–75.44 months),
respectively. The frequency of IMRT was performed in 75 out of
123 (61%) patients.

As for the location of RN lesions, the RN lesions of 37 patients
were in the left temporal lobe, 34 in the right temporal lobe, 45 in
the bilateral temporal lobe, 4 in the brain stem, and those of 3
patients were in the frontal lobe. Sixty-four (52.0%) out of 123
patients received four cycles of bevacizumab. Forty-eight (39.0%)
individuals received only two cycles of bevacizumab as they
achieved radiographic evidence of complete remission. Eleven
patients discontinued bevacizumab after two cycles of treatment
due to adverse events (seven with nosebleed and four with
uncontrolled hypertension).

Among the 123 patients, 34 (27.6%) patients who suffered from
RN and newly diagnosed cranial nerve injury were treated with
bevacizumab combined with corticosteroids; the other 89 (72.4%)
patients received bevacizumab monotherapy. The demographic
and clinical data are presented in Table 1. No significant
difference was found in RN volume or radiation-related
characteristics at baseline between the two groups (Table 1).

Radiographic and Clinical Efficacy
The percentage decreases in RN volume were 63% (IQR = 29–88)
and 61% (IQR = 16–82) in the monotherapy and the
combination group, respectively, measured by T2-FLAIR
imaging at week 8 over baseline. Bevacizumab combined with
corticosteroids did not further reduce the edema volume
compared with bevacizumab monotherapy (p = 0.615).

The response rate was 76.4% (68/89) in the bevacizumab
monotherapy group and was 70.6% (24/34) in the bevacizumab
combined with corticosteroid group. Compared with
bevacizumab monotherapy, bevacizumab combined with
corticosteroids did not further increase the response rate [odds
ratio (OR) = 1.642, 95%CI = 0.584–4.614, p = 0.347] (Table 2).

Furthermore, score improvements on the QOL scale were
achieved in 87.6% (78/89) and 88.2% (30/34) of patients in the
monotherapy and the combination group, respectively, at
2 months. The increase of QOL at 2 months over baseline was
similar in the two groups (5.12 vs. 6.69, p = 0.674). As for cognitive
function assessment, patients on bevacizumab monotherapy had a
median improved MoCA score of 2.0 following 2 months of
treatment. No significant difference in the change of MoCA score
September 2021 | Volume 11 | Article 746941
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was found between themonotherapy and combination groups (2.0
vs. 3.0, p = 0.138) (Figure 2).

Necrosis Recurrence
The median follow-up time was 0.97 year (IQR = 0.35–2.60 years).
There was no significant difference in the follow-up time between
the two groups (0.97 vs. 0.95, p = 0.257). During follow-up, 23
patients (14 in the bevacizumab monotherapy group and 9 in the
bevacizumab combined with corticosteroid group) presented new
or deteriorating neurologic symptoms and brain MRI recurrence.
The median recurrent times were 0.87 and 0.70 year in the
monotherapy and combination groups, respectively. Kaplan–
Meier survival analysis was conducted to establish the cumulative
incidence of recurrence; no difference was found in the two groups
(p = 0.213) (Figure 3). Cox regression analyses, after adjusting for
confounding factors, showed that bevacizumab combined with
corticosteroid did not reduce recurrence compared with
bevacizumab monotherapy [hazard ratio (HR) = 1.329, 95%
CI = 0.849–2.079, p = 0.213] (Table 2).

Treatment-Related Adverse Events
Among the 123 patients in our study, 74 patients suffered from
treatment-related adverse reactions, only one of whom had a
grade 4 adverse event of intracranial hemorrhage and five had
Frontiers in Oncology | www.frontiersin.org 4
grade 3 adverse events (Table 3). The most common adverse
events of bevacizumab were hypertension (17.89%), followed by
nosebleed (8.13%) and fatigue (8.13%). Grade 2 or greater
adverse events did not differ significantly among patients on
different bevacizumab treatment strategies (OR = 0.706, 95%
CI = 0.276–1.806, p = 0.0.468) (Table 2).
DISCUSSION

The treatment of RN is a challenging issue as the number of RN
patients has gone up with the widespread application of
radiotherapy over the last decades. Corticosteroids and
bevacizumab are the two main recommended treatments (13, 14).
Corticosteroids are the first-line treatment for RN. A recent review
summarized that bevacizumab was more efficacious than
corticosteroid treatment (13). Interestingly, our study found that
the treatment strategy combiningbevacizumabwith corticosteroids
did not lead to better clinical outcomes for NPC patients with RN.

The mechanism of RN is multifactorial, involving excessive
inflammatory response, oxidative stress, microvascular injury,
neurogenesis reduction, demyelination, and the decline of glia
cells (15). Bevacizumab is a recombinant human monoclonal
antibody targeting vascular endothelial growth factor (VEGF)
FIGURE 1 | CONSORT diagram.
September 2021 | Volume 11 | Article 746941
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receptors on the surface of endothelial cells, which could restore
vascular permeability and reduce brain edema (14). On the other
hand, corticosteroids could relieve excessive inflammation and
reduce vasogenic edema (16). Besides, corticosteroids could also
Frontiers in Oncology | www.frontiersin.org 5
participate in the repair of the microvasculature endothelial
junctions. The possible reasons why the combination of
bevacizumab and corticosteroids did not improve effectiveness
in our cohort could be the following: firstly, bevacizumab and
TABLE 2 | Treatment outcome between two groups.

OR/ HR 95% CI P value

Efficacy
Bevacizumab monotherapy Ref
Combination of bevacizumab with corticosteroid 1.642 [0.584, 4.614] 0.347
Recurrence
Bevacizumab monotherapy Ref
Combination of bevacizumab with corticosteroid 1.329 [0.849, 2.079] 0.213
Adverse events of grade 2 or greater
Bevacizumab monotherapy Ref
Combination of bevacizumab with corticosteroid 0.706 [0.276, 1.806] 0.468
September 2021 | Volume 11 | Article
Multivariate backward stepwise regression analysis based on Akaike Information Criterion (AIC), adjusted for age, sex, DRNR, DTRN, DTR, lesion, total radiation dose of the brain, total
radiation dose of the neck, radiotherapy approaches, and RN volume at baseline.
TABLE 1 | Demographic characteristics.

All patients
(n = 123)

Bevacizumab monotherapy
(n = 89)

Combination of bevacizumab with corticosteroid
(n = 34)

P value

Demographic and Clinical characteristics
Age, years 48.00 [41.00, 55.00] 50.00 [42.00, 55.00] 46.00 [39.50, 53.00] 0.133a

Sex 0.974b

Male 92 (74.8) 66 (74.2) 26 (76.5)

Female 31 (25.2) 23 (25.8) 8 (23.5)

Dizziness 36 (29.3) 24 (27.0) 12 (35.3) 0.493b

Headache 37 (30.1) 26 (29.2) 11 (32.4) 0.905b

Vision dysfunction 25 (20.3) 16 (18.0) 9 (26.5) 0.426b

Memory decline 21 (17.1) 16 (18.0) 5 (14.7) 0.87c

Seizure 19 (15.4) 14 (15.7) 5 (14.7) 1c

Limb weakness 5 (4.1) 4 (4.5) 1 (2.9) 1c

Personality change 7 (5.7) 4 (4.5) 3 (8.8) 0.623c

QOL scores at baseline 53.88 [47.86, 57.77] 53.88 [48.21, 57.64] 54.37 [47.24, 58.86] 0.682a

MoCA scores at baseline 25.00 [21.00, 27.00] 25.00 [22.00, 27.00] 23.00 [19.00, 26.00] 0.113a

RN lesion associated characteristics
Lesion 0.011c

Left temporal lobe 37 (30.1) 31 (34.8) 6 (17.6)

Right temporal lobe 34 (27.6) 17 (19.1) 17 (50.0)

Bilateral temporal lobe 45 (36.6) 35 (39.3) 10 (29.4)

Brainstem 4 (3.3) 4 (4.5) 0 (0.0)

Frontal lobe 3 (2.4) 2 (2.2) 1 (2.9)

RN volume at baseline, cm3 33.99 [14.74, 74.31] 35.59 [15.31, 68.51] 31.22 [13.28, 84.18] 0.808a

Radiation-related characteristics
Total radiation dose of the brain, Gy 70.00 [68.00, 70.00] 70.00 [68.00, 70.00] 70.00 [68.00, 70.00] 0.68a

Total radiation dose of the neck, Gy 60.00 [59.00, 66.00] 60.00 [56.00, 64.00] 62.00 [60.00, 66.00] 0.111a

Radiotherapy approaches 0.465b

Traditional 48 (39.0) 37 (41.6) 11 (32.4)

IMRT 75 (61.0) 52 (58.4) 23 (67.6)

DRRN, month 43.89 [27.03, 62.60] 46.95 [26.24, 63.22] 43.32 [29.03, 57.42] 0.767a

DRNT, month 3.58 [0.76, 11.90] 3.42 [0.66, 11.97] 6.13 [1.05, 10.35] 0.474a

DRT, month 52.41 [36.08, 77.34] 53.33 [37.61, 78.48] 50.55 [34.11, 74.78] 0.814a
RN, radiation-induced brain necrosis; DRRN, duration between radiotherapy and RN diagnosis; DRNT, duration between RN diagnosis and bevacizumab treatment; DRT, duration
between radiotherapy and bevacizumab treatment; IMRT, intensity modulated radiation therapy; QOL, WHOQOL-BREF scores; MoCA, Montreal Cognitive Assessment.
aMann-Whitney U test; bChi-square; cfisher exact test.
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corticosteroids might share common pathways in treating RN,
but do not have additive effects; secondly, a modest increase in
effectiveness might have been ignored in our study due to the
relatively small sample size. Our results are actually in line with
the analysis done by Ahluwalia et al. based on a similar patient
cohort (17). Twenty-four patients were enrolled in his study,
which demonstrated that bevacizumab resulted in excellent
clinical and radiological responses. Twenty-one patients
receiving dexamethasone treatment had dose reductions after
the initiation of bevacizumab. This study might suggest that
bevacizumab did not require combined steroid therapy for RN.
Another study showed that the combination of intravitreal anti-
VEGF and triamcinolone acetonide treatment did not yield any
Frontiers in Oncology | www.frontiersin.org 6
significant benefits in chronic diabetic macular edema compared
to anti-VEGF monotherapy (18). These studies suggested that
bevacizumab combined with steroids might not have an
enhanced efficacy in radiation-associated injury.

Additionally, we observed that in 39.0% (48/123) of patients
with short-term application of bevacizumab, their cerebral
lesions almost disappeared after two cycles of treatment. A
similar result was seen in a smaller sample size of 21 RN
patients (19). In this study, the bevacizumab dosage was
7.5 mg/kg every 3 weeks, and the median number of treatment
cycles was 2 (range = 1–4). This study suggested that 52.4% (11/
21) of patients who received two cycles showed sufficient
improvement. These results suggested that bevacizumab could
FIGURE 3 | Cumulative incidence of radiation-induced brain necrosis (RN) recurrence between the two groups. There were no significant differences in the recurrence
rates between the bevacizumab monotherapy and bevacizumab combined with corticosteroid groups.
A B

FIGURE 2 | The quality of life (QOL) and Montreal Cognitive Assessment (MoCA) scores at baseline and post-treatment between the two groups. (A) The increase
of QOL at 2 months over the baseline was similar in the two groups (5.12 vs. 6.69, p = 0.674). (B) As for cognitive function assessment, no significant difference in
the change of MoCA scores was found between the monotherapy and the combination group (2.0 vs. 3.0, p = 0.138).
September 2021 | Volume 11 | Article 746941

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Li et al. Bevacizumab Treatment for Brain Necrosis
have a rapid onset of therapeutic effect, while its accumulative
effect after two cycles seemed limited. Taken together, an
evaluation should be considered in cycle 2 in order to avoid
unnecessary medication. Dashti et al. reported two pediatric RN
patients who gained greater than 70% reduction of brain edema
following only a single administration of 2.5 mg/kg bevacizumab
after stereotactic radiosurgery for cerebral arteriovenous
malformations (20). The optimal treatment regimen for RN
still needs to be explored.

To our knowledge, our study on 123 patients treated with
bevacizumab is the largest analysis performed in the RN cohort
so far.Weused real-world data,which improves the generalizability
of the findings and transcends the limited settings in a clinical trial.

There are several limitations in our study. Firstly, the study was
doneat a single center, so further studies are needed to involvemore
institutions in order to eliminate potential bias. Secondly, we only
enrolled patients who received bevacizumab at a dose of 5 mg/kg
every 2 weeks in our study. Varied dosages of bevacizumab, such as
2.5 and 7.5mg/kg,mayproduce different outcomes. Further studies
regarding different doses and cycles are warranted to discover the
optimal bevacizumab strategy for RN.
CONCLUSION

The current study demonstrated that the treatment strategy of
combining bevacizumab with corticosteroids did not lead to
better clinical outcomes for NPC patients with RN. The optimal
treatment regimen for RN still needs to be explored.
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Adverse events Bevacizumab monotherapy (n = 89) Combination of bevacizumab with corticosteroid (n = 34)

Grade 1 Grade 2 or greater Grade 1 Grade 2 or greater

Hypertension, n (%) 6 (6.74) 11 (12.36) 1 (2.94) 4 (11.76)
Fatigued, n (%) 8 (8.99) 2 (5.88)
Infection, n (%) 1 (1.12) 4 (4.49) 1 (2.94) 1 (2.94)
Nosebleed, n (%) 3 (1.12) 2 (1.12) 3 (8.82) 2 (5.88)
Intracranial hemorrhage, n (%) 1 (1.12)
Insomnia, n (%) 1 (1.12) 4 (4.71)
Headache, n (%) 2 (1.12) 2 (5.88)
Rash, n (%) 2 (1.12) 1 (2.94) 1 (2.94)
Fever, n (%) 1 (2.94)
Blurred vision, n (%) 1 (1.12)
Hyperglycemia, n (%) 1 (1.12) 1 (1.12)
Ischemic stroke, n (%) 1 (1.12)
Hoarse, n (%) 2 (1.12) 3 (8.82)
Facial paralysis, n (%) 1 (1.12) 1 (2.94)
Swallowing dysfunction, n (%) 3 (1.12) 3 (8.82)
Weight gain, n (%) 1 (2.94)
Gastrohelcosis, n (%) 1 (2.94)
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