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INTRODUCTION

The incidence of brain metastasis (BM) is increasing as 
cancer patient survival is prolonged by advanced cancer ther-
apies, as up to 15% of cancer patients can be expected to de-
velop BM during the course of disease [1,2]. BM treatment 
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Background    As the application of radiotherapy to brain metastasis (BM) increases, the incidence 
of radiation necrosis (RN) as a late toxicity of radiotherapy also increases. However, no specific treat-
ment for RN is indicated except long-term steroids. Here, we summarize the clinical results of bevaci-
zumab (BEV) for RN.

Methods    Ten patients with RN who were treated with BEV monotherapy (7 mg/kg) were retro-
spectively reviewed. RN diagnosis was made using MRI with or without perfusion MRI. Radiological 
response was based on Response Assessment in Neuro-Oncology criteria for BM. The initial response 
was observed after 2 cycles every 2 weeks, and maintenance observed after 3 cycles every 3-6 
weeks of increasing length intervals. 

Results    The initial response of gadolinium (Gd) enhancement diameter maintained stable dis-
ease (SD) in 9 patients, and 1 patient showed partial response (PR). The initial fluid-attenuated inver-
sion recovery (FLAIR) response showed PR in 4 patients and SD in 6 patients. The best radiological 
response was observed in 9 patients. Gd enhancement response was 6 PR and 3 SD between 15-
43 weeks. Reduction of FLAIR showed PR in 5 patients and SD in 4 patients. Clinical improvement 
was observed in all but 1 patient. Five patients were maintained on protocol with durable response 
up to 23 cycles. However, 2 patients stopped treatment due to primary cancer progression, 1 patient 
received surgical removal from tumor recurrence, and 1 patient changed to systemic chemotherapy 
for new BM. Grade 3 intractable hypertension occurred in 1 patient who had already received anti-
hypertensive medication.

Conclusion    BEV treatment for RN from BM radiotherapy resulted in favorable radiological (60%) 
and clinical responses (90%). Side effects were expectable and controllable. We anticipate prospec-
tive clinical trials to verify the effect of BEV monotherapy for RN.
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has also advanced over the past few decades, including stereo-
tactic radiosurgery. Thus, whole brain radiotherapy (WBRT) 
is no longer a standard therapy, even for multiple BM [3]. 
Since the mid-1990s, stereotactic radiosurgery/radiotherapy 
(SRS/SRT), which delivers relatively high biologically equiva-
lent doses to BM in a single session or 2–3 sessions, has been 
considered as an alternative to, or to be used in combination 
with, surgery or WBRT for single or oligo-metastatic BM [4-
6]. Studies suggest that SRS/SRT could provide equal or more 
prolonged control of BM and improve patient overall survival 
(OS) than WBRT or surgery alone [7,8]. Furthermore, while 
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SRS/SRT saves radiation doses to critical brain tissue in addi-
tion to prolonged OS, re-treatment of recurrent BM with SRS/
SRT has been attempted in recent decades [9-14]. However, 
the long-term results of high single fraction doses and re-ir-
radiation reported a considerable incidence of radiation ne-
crosis (RN) and cognitive dysfunction from brain atrophy 
[3,9,15-19].

RN manifests as the necrosis of targeted white matter with 
peri-lesional edema from leaky blood vessels. Clinical mani-
festations are various neurological deficits according to the 
location of the lesion, which sometimes progress to clinical 
deterioration. Previously, RN diagnosis was problematic, as it 
is hard to distinguish from recurrent tumors on routine gado-
linium (Gd)-enhanced MRI. Recently, dynamic susceptibili-
ty-weighted perfusion MRI has been used for differentiating 
RN from tumor recurrence. However, the reliability of perfu-
sion MRI seems low, as multi-modal approaches such as mag-
netic resonance spectroscopy, positron emission tomography-
computed tomography, and pathological assessment are often 
required [20].

Additionally, treatment for RN is not fully standardized. 
Steroids have been the most commonly prescribed treatment 
options for brain RN. However, their adverse effects over long-
term use and lack of efficacy in some cases limit their general 
use for RN treatment. Treatment efficacy of anti-coagulation 
and anti-platelet agents as well as hyperbaric oxygen therapy 
is still controversial. As the pathophysiology of RN is com-
posed of endothelial cell dysfunction with concomitant release 
of vasoactive substances such as vascular endothelial growth 
factor (VEGF) [21], bevacizumab (BEV), a monoclonal anti-
body against VEGF, has been highlighted to reduce vascular 
permeability and brain edema. Gonzales et al. [22] reported a 
dramatic reduction of MRI-diagnosed RN in both Gd-en-
hanced and fluid-attenuated inversion recovery (FLAIR) im-
ages with BEV alone or in combination with other chemother-
apeutic agents in patients with malignant brain tumors. Later, 
Levin et al. [23] verified the effectiveness of BEV for RN in a 
randomized, double-blind placebo-controlled trial in 14 pa-
tients diagnosed with RN.

Currently, clinical results of BEV monotherapy for RN has 
not been reported in Korea. Herein, we present our clinical 
findings using BEV monotherapy for RN in 10 patients from 
a single institute.

MATERIALS AND METHODS

Patient selection
Using an electronic medical records database, we retrospec-

tively identified 74 patients who received both brain radia-
tion and BEV treatment between January 2010 and December 

2019. From these, we excluded cases in which BEV was ad-
ministered in combination with other chemotherapeutic 
agents to treat either systemic cancer or primary brain tu-
mors. Ultimately, we confirmed 10 patients with RN after ra-
diotherapy who had received BEV monotherapy for RN. This 
study was in accordance with the precepts established by the 
Helsinki Declaration and approved by the Institutional Re-
view Board of the National Cancer Center of Korea (NCCCTS- 
2020-0122-0001).

Diagnosis of radiation necrosis
Diagnosis of RN was based on conventional MRI with or 

without dynamic susceptibility-weighted contrast-enhanced 
perfusion MRI. Patients were required to have had a newly 
appeared or aggravated contrast-enhancing mass within the 
radiation field on MRI after brain radiation for BM. The fol-
lowing criteria has been considered as suggestive for RN: 1) in-
creased T1 contrast enhancement located in the irradiated 
area with central hypointensity and increased peripheral ede-
ma; 2) substantial regression or stability (for ≥4 months) of 
enhancing areas on serial follow-up MRI scans without addi-
tional treatment; 3) a clear absence of perfusion in the ab-
sence of any nodular highly vascularized area within the con-
trast-enhanced lesion using perfusion MRI [24].

Protocol for bevacizumab administration
Fig. 1 shows a schematic describing the treatment protocol 

of BEV monotherapy for RN. All patients received at least 2 
cycles of BEV (7 mg/kg) every 2 weeks. At 4 weeks, before the 
third cycle of BEV, we performed a routine contrast-enhanced 
MRI with T2/FLAIR imaging to evaluate treatment response 
and neurologic status of patients (the initial response). If pa-
tients had improved clinical and radiological status, patients 
entered into maintenance BEV treatment. The empirical 
maintenance protocol was to increase the BEV treatment pe-
riod from 2 weeks to 3 weeks, 4 weeks, and 6 weeks of termi-
nating BEV regimen every 3 cycles. MRI follow-up was per-
formed before every interval-lengthening step. Patients were 
discontinued from the treatment protocol for any of the fol-
lowing events: 1) clinical or radiological progression; or 2) de-
velopment of grade 3 or worse side effects according to Com-
mon Terminology Criteria for Adverse Events (CTCAE 
version 4.0; https://ctep.cancer.gov/protocolDevelopment/
electronic_applications/ctc.htm). Another tentative BEV pro-
tocol (by author LYJ) was executed in this study at the same 
BEV dose (7 mg/kg). The initial response evaluation was the 
same at 6 weeks after 2 cycles of BEV every 2 weeks, and 2 
more cycles of BEV were given if the initial response was pos-
itive, and then discontinued.

https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
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of treated BM consisted of non-small cell lung cancer (n=6), 
breast cancer (n=2), ovarian cancer (n=1), and malignant mel-
anoma (n=1). Radiation therapy given for BM was a single 
session of SRS in 3 patients; a WBRT in 1 patient; and multi-
ple sessions of combination WBRT, proton beam therapy, in-
tensity-modulated radiation therapy, and SRS in 6 other pa-
tients. Apparent summated radiation doses ranged from 2,000 
cGy/single fraction to 10,500 cGy/10+12 fractions. The mean 
time from the last radiotherapy to RN diagnosis was 22.9 
months (range: 4–54 months). All patients had symptoms of 
RN, and 8 of them were treated with steroids (median dexa-
methasone dose of 2 mg p.o. bid) before BEV treatment. The 
other 2 patients who directly received BEV treatment refused 
steroids because of the side effects experienced from previous 
steroid use for their BM. Eight patients had a single RN lesion, 
1 patient had 2 symptomatic RNs, and 1 patient had 3 RNs. 

Clinical course and responses to bevacizumab therapy
All 8 patients (cases 1–7 and 9) that followed the suggested 

BEV monotherapy protocol above showed radiological and 
clinical responses at the initial response evaluation. Thus, they 
had proceeded to the maintenance protocol (Table 1). Mean-
while, 2 other patients (cases 8 and 10) were treated by a tenta-
tive protocol (by LYJ) of 4 cycles of BEV (same 7 mg/kg every 
2 weeks) and the response evaluation. Thus, all patients re-
ceived a minimum of 4 cycles of BEV, and the cycles of BEV 
administered varied from 4–23 cycles based on patient re-
sponse, clinical condition, and compliance (Table 1). 

Among the 8 patients that had continued on to mainte-
nance therapy at a median 13 cycles of BEV, 4 patients were 
still receiving BEV monotherapy (cases 1, 2, 4, and 7) at the 
time of evaluation. Among these 4 patients, 1 patient (case 1) 

Criteria for radiological response and evaluation 
period

To accurately evaluate responses, we adopted the Response 
Assessment in Neuro-Oncology for Brain Metastasis (RANO-
BM) criteria published in 2015 [25]. RANO-BM response as-
sessment is based on the sum diameter of one-dimensional 
measurements, corticosteroid dosing, and clinical status. In 
brief, we measured the longest diameter of RN on T2-weight-
ed FLAIR images and T1-weighted Gd enhancement images. 
A measurable lesion is ≥10 mm in longest diameter, and the 
sum of measurable lesions is used in the case of multiple RNs. 
Complete response (CR) is a disappearance of measurable le-
sions. Partial response (PR) is ≥30% decrease in the sum lon-
gest distance relative to baseline. Stable disease (SD) is <30% 
decrease relative to baseline but <20% increase in sum longest 
distance relative to nadir. Progressive disease (PD) is ≥20% 
increase in sum longest distance relative to nadir.

The response evaluation performed after 2 cycles of BEV 
monotherapy (4 weeks after the first BEV administration) was 
defined as “the initial response.” During follow-up on mainte-
nance therapy, we assessed the “best radiological response” 
(BRR) among MRI evaluations before changing schedules or 
discontinuing BEV.

RESULTS

Clinical characteristics and previous radiation 
history of patients

Demographic data for patients with BM and treated with 
BEV for RN are summarized in Table 1. Six patients were fe-
male and 4 patients were male. The median age at the time of 
BEV treatment was 54 years (range: 38–71). Primary cancer 

BEV q 2 weeks
×2

BEV q 3 weeks
×3

BEV q 4 weeks
×3

Response(+), enter to 
maintenance

BEV q 6 weeks
×3

Response evaluationMR perfusion

BEV #0

BEV #1 BEV #2
BEV #11

Observation

Clinical diagnosis 
of radiation 

necrosis

Fig. 1. Schematic presentation of bevacizumab (BEV) monotherapy protocol for radiation necrosis. Patients with clinical suspicion of symp-
tomatic radiation necrosis based on contrast-enhanced MRI underwent dynamic susceptibility perfusion imaging for confirmation. After 2 
cycles of BEV (7 mg/kg every 2 weeks), the first follow-up images were collected to assess the radiologic response with BEV. If a response 
to treatment was observed, maintenance BEV therapy was started (7 mg/kg every 3 weeks) and serial follow-up images were obtained ev-
ery 3 cycles with intervals lengthening up to 6 weeks. After a total of 11 cycles of BEV, patients were removed from BEV monotherapy and 
progress was monitored.
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showed rebound phenomena 8 months after BEV-off, and re-
started the BEV monotherapy protocol. All these 4 patients 
showed clinical improvement based on the Karnofsky Perfor-
mance Status scale. Whereas 3 other patients stopped BEV 
treatment due to recurrent BM (case 3, Fig. 2) or primary can-
cer progression (cases 5 and 6), the remaining patient (case 9), 
who showed no discernible improvement of symptoms de-
spite his radiological response, stopped BEV after 4 cycles on 
his own accord. Two patients who followed the tentative pro-
tocol of consecutive BEV 4 cycles discontinued BEV treatment 
with symptom resolution. One patient was followed for 2.5 

years after BEV-off and maintained a stable status (case 8), but 
another patient (case 10), who changed systemic treatment reg-
imens due to the emergence of new BM, suffered from recur-
rent symptoms 7 months after discontinuation of BEV. 

Association between radiological response and 
pretreatment radiological findings

We evaluated the radiological responses to identify any as-
sociation with pretreatment MRI findings, although the num-
ber of cases was too small to determine statistical significance 
(Table 2). In 7 patients, magnetic resonance perfusion study 

Fig. 2. Progression of radiation necrosis with hemorrhagic portion after bevacizumab (BEV) treatment on gadolinium enhancement (upper 
row) and fluid-attenuated inversion recovery (FLAIR) magnetic resonance imaging (lower row) (Case 3). A: A 63-year-old woman with brain 
metastasis from non-small cell lung cancer received two stereotactic radiosurgeries of 3,000 cGy in three fractions 23 months prior to radia-
tion necrosis diagnosis. Intra-lesional hemorrhage was noticed on the FLAIR image. B: The initial response showed a decrease in both 
gadolinium enhancement and FLAIR image-defined brain edema. C: The first progression with hemorrhage occurred 6 months after BEV-
off due to proteinuria and delayed wound healing during the maintenance. D: The second re-bleeding, 9 months after BEV-off due to intrac-
table hypertension following an additional 9 cycles of BEV. E: The patient received a craniotomy for regrowth of brain metastasis with hem-
orrhage 11 months after the second BEV-off.

A B C D E

Table 2. Pretreatment MRI findings and radiological response

Case
no.

MR 
perfusion

Degree of Gd 
enhancement

FLAIR/
Gd ratio

Hemorrhagic
component

Initial response Best response Final response
Gd 

enhancement
FLAIR

Gd 
enhancement

FLAIR
Gd 

enhancement
FLAIR

1 Not discernible Moderate → Moderate   5.89 Y SD SD PR PR PR PR
2 Decreased Strong → Weak   8.44 N SD PR PR PR PR PR
3 Decreased Strong → Weak   3.83 Y SD SD SD SD PD PD
4 Decreased Strong → Moderate   1.83 N SD SD PR SD PR SD
5 Decreased Strong → Moderate   3.14 N SD SD PR SD PR SD
6 Decreased Strong → Weak   5.84 N SD SD SD SD PD PD
7 Not done Moderate → Moderate   4.77 Y SD SD PR PR PR PR
8 Not done Strong → Weak   5.80 N SD PR PR PR PR PR
9 Decreased Moderate → Weak   6.94 N SD PR n.a. n.a. n.a. n.a.

10 Not done Moderate → Weak 11.11 N PR PR SD PR PD PD
Gd, gadolinium; FLAIR, fluid-attenuated inversion recovery; SD, stable disease; PD, progression of disease; PR, partial response; n.a., not 
available
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was performed and 6 patients showed a definite decrease in 
regional cerebral blood volume (rCBV), with the remaining 
1 patient (case 1) revealing no discernible rCBV change com-
pared to contralateral normal brain. However, in this case, the 
left parieto-occipital enhancing lesion grew bigger in diame-
ter from 1.8 cm to 3.1 cm, 1.5 years after BEV treatment. 

The initial response evaluation for Gd enhancement re-
sponse was SD in 9 patients and PR in 1 patient, whereas the 
FLAIR response was more prominent compared to the Gd 
enhancement response, with PR in 4 patients and SD in 6 pa-
tients. In 8 patients, the degree of Gd enhancement was de-
creased at the initial response evaluation, but 2 out of 3 pa-
tients with a hemorrhagic component failed to show decreases 
in Gd enhancement (cases 1 and 7). These 2 patients had no 
solid portion but mainly had cystic, necrotic, and hemorrhagic 
portions, and only the thin wall showed enhancement. The 
ratio of FLAIR high-signal intensity and Gd enhancement area 
(FLAIR/Gd ratio) was also obtained in terms of the product of 
the largest diameter and its perpendicular diameter (Supple-
mentary Table 1 in the online-only Data Supplement). The me-
dian FLAIR/Gd ratio was 5.80 (range: 1.83–11.11). Interest-

ingly, among 5 patients with higher FLAIR/Gd ratio, 4 showed 
PR FLAIR responses at the initial response evaluation (cases 
10, 2, 9, and 8 in descending order of the ratio), whereas all 5 
patients with lower FLAIR/Gd ratio revealed SD FLAIR re-
sponse.

The BRR during follow-up was available for 9 patients ex-
cept 1 patient who was lost to follow-up after the initial re-
sponse evaluation (case 9). The sum of the longest Gd en-
hancement diameter was PR (≥30%) in 5 patients and SD in 
the remaining 4 patients. Interestingly, all 5 patients with Gd 
enhancement PR at the BRR evaluation had SD response at 
the initial evaluation (for example, case 2 in Fig. 3). Mean-
while, only 1 patient who showed Gd enhancement PR at the 
initial response evaluation turned SD due to discontinuation 
of BEV treatment during follow-up (case 10, Fig. 4). Among 4 
patients with FLAIR PR at the initial response evaluation, 3 
remained with PR and 1 was lost to follow-up. For 2 other pa-
tients who showed SD FLAIR response at the initial response 
evaluation, PR was achieved at the BRR evaluation.

The final response was obtained at the most recent time of 
study period or at the termination of BEV treatment, which 

Fig. 3. Typical radiological response of radiation necrosis to bevacizumab (BEV) monotherapy on gadolinium enhancement (upper row) and 
fluid-attenuated inversion recovery (FLAIR) magnetic resonance imaging (lower row) (Case 2). A: A 38-year-old woman diagnosed with 
brain metastasis from breast cancer received 3 series of stereotactic radiosurgery/radiotherapy at a total dose of 7,800 cGy over four years 
prior to the diagnosis of radiation necrosis. B: The initial response after 2 cycles of BEV (7 mg/kg every 2 weeks) showed reduced enhance-
ment and dramatic decrease of FLAIR high-signal intensity area. C: The best radiological response during maintenance therapy (5 BEV cy-
cles) revealed a further decrease of the enhancement and FLAIR high-signal intensity area.
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was measurable in 9 patients (Table 2 and Fig. 5). The final re-
sponse was maintained in 6 patients as the BRR, but in the 
other 3 patients, it was affected by primary cancer progression 
(case 6), recurrence (case 3), or newly developed BM (case 
10) and progressed. 

Adverse events during BEV treatment
We retrospectively searched for possible adverse events as-

sociated with BEV treatments (Table 3). Grade 3 hyperten-
sion occurred in 1 patient already treated with anti-hyperten-
sive medication as an intractable hypertension. We paused 
BEV treatment for one month as advised by their cardiologist 
(case 3) and it was resolved. Proteinuria was observed during 

Fig. 4. Serial follow-up images of gadolinium-enhancement (upper row) and FLAIR (lower row) (Case 10): Pretreatment (A), the initial re-
sponse (B), the best radiological response during follow-up (C), rebound phenomena 7 months after BEV-off (D), and after changing sys-
temic chemotherapy for new brain metastasis (E). FLAIR, fluid-attenuated inversion recovery; BEV, bevacizumab.

Fig. 5. Change of the sum of longest diameter in terms of gadolinium-enhancement (A) and FLAIR (B) of pretreatment, the initial response, 
and the BRR during follow-up based on RANO-BM criteria (see details in Methods). FLAIR, fluid-attenuated inversion recovery; BRR, best 
radiological response; RANO-BM, Response Assessment in Neuro-Oncology for Brain Metastasis.
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routine urine analysis in 2 patients, but required no specific 
treatment on consultation (cases 1 and 3). Actually, case 3 pa-
tient had another problem of wound infection, which was not 
a surgical wound but a delayed healing of cellulitis of plegic 
low extremity. Although nephrologist recommend to contin-
ue BEV treatment with careful laboratory follow-up, we de-
cided to stop BEV treatment. Both proteinuria and wound 
infection were spontaneously resolved, the patient suffered 
from rebound of RN with hemorrhage 6 months later. Gum 
bleeding occurred in 1 patient with pre-existing gingivitis upon 
toothbrushing (case 2). Retinal hemorrhage was identified in 
a patient who complained of “floater in eye” (case 7); however, 
the ophthalmologist could not differentiate between BEV treat-
ment or spontaneous hemorrhage as the cause, and it resolved 
spontaneously without specific treatment. 

DISCUSSION

Prevalence of radiation necrosis after radiation 
therapy for brain metastasis

RN, as a manifestation of long-term radiation effects, be-
came clinically significant due to the prolonged survival of 
patients with BM and the frequent use of SRS or re-irradia-
tion for treating BM over the past few decades. The true inci-
dence of RN is hard to estimate because it can be affected by 
many factors such as the quality of neuroimaging, follow-up 
period after radiation, and RN definition (either radiological 
or histological aspects). Minniti et al. [24] reported a 24% in-
cidence of RN among BM patients (14% symptomatic, 10% 
asymptomatic), for which they relied on imaging features. 
Chin et al. [26] reported a 7% incidence of RN based on path-
ological confirmation or temporal resolution.

Many RN risk factors have been identified, including tu-
mor volume, prescribed dose, fraction size, and interval be-
tween re-irradiation. However, the threshold for safe re-irra-
diation in terms of cumulative dose or treatment volume has 
been suggested, but is yet to be confirmed [14,27-29]. A pro-
spective controlled study as well as increased RN awareness in 
the neuro-oncology field is required for further evaluation.

Current treatment strategy for radiation necrosis
Currently, oral corticosteroids are the preferred treatment 

option for brain RN, as steroids reduce inflammatory signals, 
which dramatically reduces brain edema. However, RN itself 
is not affected by corticosteroids. Thus, patients with RN re-
quire a relatively long period of steroid treatment with or 
without pausing or gradual dosage tapering, which can be ac-
companied by serious adverse effects such as iatrogenic Cush-
ing’s syndrome [20]. Treatment efficacy of anti-coagulation 
and anti-platelet agents and hyperbaric oxygen therapy is still 
controversial. Another issue is that RN is not particularly dis-
cernible from treatment-related changes of BM. Case 3 of our 
study, initially believed to have RN, was in fact, identified with 
a tumor recurrence 3 years after RN diagnosis and BEV treat-
ment. Patients with RN also suffered from newly developed 
BM or progression of their primary systemic cancer. In this 
study, 2 patients died of primary systemic cancer progression 
and 1 patient stopped BEV due to the emergence of a new 
distal BM.

Bevacizumab for radiation necrosis in literature
There are two hypotheses regarding the pathophysiology of 

RN: vascular injury and glial cell theory [20]. Radiation dis-
rupts the blood-brain barrier and damages oligodendrocytes, 
resulting in ischemia, cell death, and leaky capillaries. This 
leads to increased production of VEGF. When released in the 
presence of hypoxia and necrosis, VEGF induces neo-angio-
genesis made of leaky vessels, which results in perilesional 
edema and contrast extravasation [21]. Untreated RN can 
progress to small vessel occlusive disease and bleeding from 
friable vessels [23]. These concepts support the rationale that 
VEGF plays a prominent role in RN development. Based on 
these studies, BEV, a VEGF blocking agents, could play a key 
role in treating RN, thus proving the hypothesis of “normal-
ization” of restricted blood flow [30]. Gonzales et al. [22] first 
reported their clinical experience with BEV in combination 
with or without other chemotherapeutic agents for malignant 
brain tumors while monitoring possible RN based on MRI 
findings. They observed a dramatic reduction in both T1-
weighted Gd enhancement and FLAIR abnormal areas. Their 
institute (MD Anderson Cancer Center) later performed a 
randomized, double-blind, placebo-controlled trial of BEV 
monotherapy (7.5 mg/kg every 3 weeks) for brain RN [23]. 
All BEV-treated patients showed both radiological response 
and clinical improvement, whereas placebo-treated patients 
did not. Seventy one BEV-treated RN cases from 16 clinical 
studies and case reports were analyzed by Tye et al. [31], veri-
fying a radiological response rate of 97% and clinical im-
provement rate of 79%. The largest series of BEV for RN was 
reported by Wang et al. [32], in which they used BEV in 17 

Table 3. Number of patients with adverse effects and CTCAE grade

Adverse effect Grade 1 Grade 2 Grade 3 Grade 4
Proteinuria 0 2 0 0
Hypertension 0 0 1 0
Wound infection 0 1 0 0
Gum bleeding 1 0 0 0
Seizure 1 0 0 0
Retinal hemorrhage 0 1 0 0
CTCAE, Common Toxicity Criteria for Adverse Events
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patients with symptomatic RN, administered for a minimum 
of 2 cycles (7.5 mg/kg every 2 weeks) with a median of 4 BEV 
cycles. The average reduction of T1-weighted Gd enhance-
ment and T2/FLAIR were 63% and 59%, respectively.

Limitations and future direction
This retrospective study is limited due to the use of two dif-

ferent BEV protocols, even though the two protocols were 
identical in terms of BEV dosage levels, development of new 
BM, and primary cancer status. We anticipate prospective clin-
ical trials that control these variables. Furthermore, as it has 
been reported that some RN might be regressed or resolved in 
time [33], BEV treatment should be given not just until com-
plete resolution, but until a certain radiological response or 
clinical improvement. Rebound phenomena after discontinu-
ation of BEV also warrants sophisticated long-term follow-up.

Supplementary Materials
The online-only Data Supplement is available with this arti-
cle at https://doi.org/10.14791/btrt.2020.8.e11.
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